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PREFACE

TO THE FIKST EDITION.

WHEN the rank our country holds among nations, as regards her

mining interest, is taken into consideration, it must be with all a

matter of surprise that no work especially devoted to the eluci-

dation of the processes to be employed in ascertaining the richness

in metal of any sample of ore (that is, in other terms, its assay)

has of late years appeared before the British public. Indeed, the

only work at present known in England is Berthier's " Trait6 des

Essais par la Voie Seche," which, for the mere purpose of in-

culcating the principles of assaying, has many disadvantages, not

the least of which is its being written in a foreign tongue; and

although a knowledge of French is now so very general, yet many

are prevented from buying scientific works in that language on

account of the difficulties of finding equivalents for the tech-

nicalities which must necessarily be employed. It is also a very

large work, and one containing much matter which the assayer

does not need, matter relating to the composition of wood and

coal ashes, furnace products, &c., which are more especially adapted

for the metallurgist.

These considerations, coupled with the paucity of any knowledge
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of assaying, excepting that confined to a very limited number of

persons, induced the author of the following pages to turn a con-

. siderable amount of his attention to this subject, more especially

as much difficulty was experienced in not having a suitable text-

book for the use of his pupils. A portion of the following pages

was drawn up as a Manual for such a purpose ; but on consideration,

it was thought the extension of such a work was so much needed,

that it was determined to alter the original plan as far as was con-

sistent with the complete carrying out of the object in view, viz. :

the production of a Manual embodying information in every branch

of assaying, either by the wet or the dry processes,

The following is a sketch of the manner in which this is accom-

plished ;
the author having followed the excellent arrangement of

Berthier as closely as possible, from whose work also much matter

that suited these pages, and which it would have been useless to

re-write, has been inserted. Firstly, the Mechanical and Chemical

Operations of Assaying are treated in full, inclusive of a description

of the apparatus required, their mode of use, &c. Secondly,

Furnaces, Fuel, and Crucibles, together with a description of the

best Pyrometers and their applications. Thirdly, the Fluxes, their

properties, preparation, use, &c. Fourthly, an Essay on the use

of the Blow-pipe, and all its appurtenances ;
as Fluxes, Supports,

&c. Fifthly, the action of the Fluxes on some Mineral Substances.

Sixthly, a method of discriminating many Minerals by means

of the Blow-pipe, aided by a few tests by the humid method.

Seventhly, the Humid Analysis of many Mineral Substances, their

composition, locality, &c. (All the minerals mentioned in the three

last heads comprehend such only as generally come under the notice

of the Assayer). Eighthly, the complete Assay of all the common
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Metals, in addition to which the Assay of Sulphur, Chromium,,

Arsenic, Heating power of Fuel, &c. is fully discussed ; and ninthly,

and lastly, a copious Table drawn up for the purpose of ascertaining

in Assays of Gold and Silver the precise amount, in ounces,

pennyweights, and grains, of Noble metal contained in a Ton of

Ore from the assay of a given quantity. This Table .is the most

complete and copious yet published.

Not only has it been endeavoured to collect all that is generally

known on the subject of Assaying, but many new facts have been

added, and such matter entered into, that the success of an assay

is rendered much more certain ; and most assays are conducted

more rapidly and with greater exactitude than heretofore.

It has also been endeavoured to introduce a new system, in

which is pointed out the rationale of each process, with the chemi-

cal action taking place between the fluxes and the ores in course

of assay, so that by paying a careful attention to the matters dis-

cussed, so much of the chemical nature of all ores that can come

under the assayeds hand may be known, that the practice by
"
rule

of thumb" (a rule on which very little dependence is to be placed,

excepting after years of the most laborious practice, and a rule

which cannot be imparted, excepting the pupil pursue the same un-

profitable course) must, it is hoped, be speedily abandoned, when,

by knowing the chemical properties of the body operated on, the

necessary fluxes and processes might be at once indicated, and

with a certainty of perfecf success.

Having premised thus much, the author must beg to express

his thanks to his friend Mr. "F. Field for the kind assistance he
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afforded him whilst experimenting on the various modes of assay

described in the body of the work ; and trusting that any little

imperfections which may be detected will not be harshly criticised,

but that it may be taken into consideration that the author has

attempted to improve a branch of mining knowledge to which

unfortunately too little attention has been devoted, and to which, if

he has added anything useful, he is indebted for the first principles

of such knowledge toBerthier's "Traite des Essais," for which, to

the talented writer of the above work, he is under the most lasting

obligation.

23, Hawley Road, Kentish Town,

London.



PREFACE

TO THE SECOND EDITION,

IN presenting this the Second Edition of the " Manual of Practical

Assaying" to his mining friends and the public in general, the

author has to tender his sincere thanks for the very favourable

opinion expressed of the former edition, which was honoured with

a most extensive circulation, not only in the United Kingdom, but

in all the Colonies, the United States, and South America; in

addition to which- it was translated into Spanish, for the use of the

Government School of Mines at Madrid.

The former edition having been out of print for some time,

repeated calls have been made on the author for a Second Edition ;

and, in compliance with this general request, the present volume

has been prepared. The same arrangement (as far as practicable)

has been adhered to as in the first edition, but a considerable

portion has been entirely re-written, and much new matter added.

It is also embellished with nearly 400 engravings illustrative of

crystallography, and the various apparatus described in the body

of the work.

.
In its preparation, the author has been greatly influenced by a
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desire to extend the sphere of utility of the former edition, by

introducing, in the smallest possible space, and in the simplest

form, such instructions in elementary chemistry, chemical

notation, the use of chemical symbols, &c., as will enable the

assayer or metallurgist to trace the varied re-actions occurring

either in the crucible or the furnace during the progress of an

experiment.

Crystallography has also been made the subject of attention,

with a view to the discrimination of mineral substances by crystal-

line forms, aided by a few chemical tests.

Under the assay of Silver, there is added a full and complete

description of the mode of assay employed in the Paris Mint,

together with engravings of the apparatus in use.

A chapter has also been introduced, containing full instructions

for the discrimination of all the more commonly occurring Gems

and Precious Stones ; and in the Appendix will be found copious

Tables for the Valuation of Gold of every degree of fineness,

expressed either in carats or thousandths ; following which is an

Assay Table, for calculating the number of ounces, pennyweights,

and grains of gold or silver in a ton of mineral, when a given

quantity has been submitted to assay.

In conclusion, the astounding discoveries of mineral wealth

which are now daily being made, not only in this country, but in

every other to which a due amount of diligence and information

has been turned, renders the appearance of a complete Manual of

the more closely allied branches of knowledge involved in the
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successful cultivation of such researches a desideratum of conside-

rable importance.

The present volume, it is hoped, will fill the existing void in the

literature subservient to this branch of our knowledge.

ASSAY OFFICE,

Dunning's Alley,

Bishopsgate Street Without.





UNIT

PRACTICAL ASSAYING,

CHAPTER I.

CHEMICAL NOMENCLATURE. LAWS OF COMBINATION, &C,

Chemical Nomenclature. Every substance, either mineral or

otherwise, with which we are acquainted, consists of one or more of

the bodies termed simple or elementary, such bodies being so

called from the fact that, with our present means of research, we are

not enabled to reduce them to a more simple form. Thus, if a piece

of common iron pyrites or mundic, as it is more commonly called, be

submitted to a certain series of operations, the chemist will find that

he can obtain from it two substances, totally distinct in properties both

physical and otherwise, from each other, and from the substance

from which they were obtained. One body is sulphur, which, as

is well known, is an opaque yellow substance, fusing at a very low

temperature, igniting readily, aiid exhaling when burning a peculiar

and suffocating odour. The other constituent of the pyrites is iron,

a metallic substance of a greyish appearance, requiring an intense

heat for fusion, and becoming red-hot without burning. If the

chemist now perform any experiment which, in the present state of

his knowledge, ingenuity can suggest, he is totally unable to obtain

either the sulphur or the iron in a less simple or elementary state of

existence. He can with ease cause either of them to enter into new

combinations with other bodies, which compounds he can decompose,

as in the case of the pyrites, and both sulphur and iron can

be again obtained in their separate forms with all their character-

istic properties ; but nothing more than this can be effected : hence
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he is led to the belief that both sulphur and iron are simple bodies,

or bodies containing only one kind of matter.

The following is a list of the simple substances discovered up to

the present time ; it is accompanied by certain symbols and numbers,

the use and nature of which will be hereafter pointed out. Those

substances marked with an asterisk (*) have either only just been dis-

covered, or they or their compounds have hitherto found no prac-

tical use ; and those marked thus (t) are found native, or unassociated

with other elements.

Non-Metallic Elements or Metalloids.

Name. Symbol. Equivalent H= l.

Boron B 10*90

Bromine Br 78*26

tCarbon C 6-00

Chlorine Cl ....:*. .u . 35-50

Fluorine P ....... 1870

Hydrogen , H 1-00

Iodine I 126-36

Nitrogen N ........ 14-00

Oxygen 8'00

Phosphorus P 32'02

Selenium ...... Se 39*57

Silicon Si 21-85,

tSulphur S 16-00

Metallic Elements.

Aluminum . : . . . Al 13*09

tAntimony *Sb . . . -^ . V . 129-03

fArsenic . As . . .

! V ""'*! 75-00

Barium Ba . . .~ ; '.. '; . 68*64

fBismuth Bi . . ... . . 70'95

Cadmium Cd . . . ... 55*74

Calcium Ca ...,,.. 20*00

*Cerium Ce 46*00

Chromium Cr 28*15

Cobalt Co 29*52

tCopper 2Qu 31*66

1 From Stibium. 2 From Cuprum.
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Name. Symbol. Equivalent H= l.

*Didymium Di ?

*Erbium Er ...... ?

Glucinum Gl 6*50

tGold *Au 98-33

*Ilmenium H
]

..-. .

?

Indium. . -. . . 1 . Ir .,.;>'. . . . 98*68

flron
2Fe >. ? . v . . . 28'00

*Lanthanum . . ,- V!

'

^.Jj*-:
.- .-''. V -i

48'00?

Lead . . . ... .^. * .
3Pb 103*56

*Lithium ...... Li 6-43

Magnesium Mg 12'67

Manganese Mn 27'67

fMercury v ',. ,.; ,,.
. .

4Hg 100-07

Molybdenum Mo ... ... 47'88

Nickel . . ,,..
-

...
. . . Ni

.. . ; t '. 29 *57

^Niobium . . . .
:

. . Nb ?

Osmium . . . . . >. Os ^ ,,
V . . . 99'56

tPalladium . V,. :> . . . Pd 53'27

^Pelopium . ^. ^:, . . Pe . ^ I ... ?

tPlatinum . . , .' . V Pt \' .-. . . . 98'68

Potassium . *;, V >, > ,. r
5K fe 39'00

Rhodium ......... E ....... 52'11

^Euthenium r. . .. ./, Ru 52'11?

""'Silver . ...->.; . .
6Ag ...... 108-00

Sodium ...'..'. . 7Na 22*97

Strontium ..*.., Sn 43-84

*Tantalum . .-,/.. . . Ta ...... 92*30

t*Tellurium . . ,>.- t;

'

,
-

.

, . . Te 66-14

^Thorium TU 59'59

Tin 8Sn 58*82

^Titanium Ti 24*29

Tungstenum
9W 94'64

Uranium ...... U 60'00

*Vanadium ...... V ...... 68'55

Yttrium Y 32-20

Zinc. . V- V ^v <;7 . Zn ...... 32*52

"^Zirconium Zr
,. .

, , . . 33'62

1 From Aunun. 2 From Ferrnm. 3 From Plumbum. 4 From Hydrargyrum.
5 From Kalium. 6 From Argentum. 7 From Natriuui. 8 From Stannum,
9 From Wolfram.
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la the above arrangement the first column contains the common
name of the element ;

the second the symbol, or chemical short-hand

character in which all chemical decompositions are most readily

written and understood ; and the third the equivalent, or combining

proportion. Of the compounds of the above-mentioned elements,

only those will be discussed which fall under the notice of the assayer,

whether found native or formed artificially.

The principal compound bodies are acids, oxides, salts, and binary

substances, into whose constitution oxygen does not enter.

Acids. All those substances which redden litmus, and form salts

with bases, are called acids, and are divided into two principal groups

oxacids and hydracids.

Oxacids. The oxacids are formed by the combination of an ele-

mentary body with oxygen, and their names are fixed according to

the following rules, thus :

The oxacid formed by the combination of silicon with oxygen is

silicic acid, existing abundantly as quartz, flint, and sand.

When a body combines in more than one proportion with oxygen,

that compound containing the least oxygen takes the termination

ous, that the most ic : thus sulphurous acid, sulphuric acid ; arse-

nious acid, arsenic acid.

Hydracids are formed by the combination of hydrogen with a

non-metallic substance, as chlorine. The name is made up of the

simple body, or a portion of it : thus chlorine and hydrogen form

hydrochloric acid, commonly known as muriatic acid, or spirit of

salts.

Oxides are binary oxygen compounds which have no action on

blue litmus ; they may be divided into two series. The first com-

prises those oxides which do not possess the property of combining
with acids to form salts, they are termed in different oxides', the

second series contains those capable of uniting with acids to form

salts, and are called salifialle oxides or bases.

When a simple body, in combining with oxygen, forms but one

oxide, it is simply called an oxide, followed by the name of the simple

body, thus, oxide of zinc.

If the body is capable of combining with oxygen in many propor-

tions, the compounds resulting from this combination are thus called :

the words prot, sesqui, deut, or bin and per, &c., precede the term

oxide, and the progressive amounts of oxygen are thus expressed

protoxide of lead, iron, copper, or tin ; sesquioxide of aluminum, iron,
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or chromium ; deutoxide, binoxide, or peroxide of manganese, copper,

or mercury.

There are still higher degrees of oxidation of some metals, which

are nearly always true acids, as chromic, stannic, and aiitimonic

acids,

Salts are formed when an acid reacts on a base ; and usually the

properties of the acid and the base are reciprocally neutralized : thus

the acid which before combination possessed the power of reddening

blue litmus, loses it in proportion as it combines with the base :

in this case the acid and base have been combined to form a salt.

In naming salts, we have to consider 1 stly, the nature of the

acid; 2dly, the salifiable nature of the base; and 3dly, the propor-

tions in which the acid and base are combined.

Every acid terminating in ic forms a salt terminating in ate.

Acids terminating in ous form salts terminating in ite ;
and the

new names terminating in ate and ite are followed by the name of

the combined oxide. Thus sulphuric acid and protoxide of iron give

sulphate of protoxide of iron, or, more commonly, protosulphate of

iron. Arsenious acid and protoxide of iron form arsenite of prot-

oxide of iron or prot-arsenite of iron.

When the salt formed exists in as nearly as possible the neutral

state, its name is formed as above ; but if the proportion of acid is

larger than in neutral salts, it is termed an acid salt : thus we have

acid sulphate ofpotash.
If the base is in excess, the name is preceded by sub- : thus sab-

acetate of lead. This class of salt is also called basic. In the

nomenclature of acid and basic salts, the relation of acid to base, or

of base to acid, is indicated by the name : thus, supposing the quan-

tity of acid in the neutral salt to equal 1, then, to designate the acid

salts, the words sesqui, bi, tri, quadri are employed, according as

the acid present is 1 J, 2, 3, or 4 times that existing in the neutral

salt. Thus we have sesquisulphate, bisulphate, trisulphate, &c. The

same rule is followed in naming the basic salts, as sesquibasic,

bibasic, &c.

Binary compounds containing no oxygen. These compounds
exist most largely in nature, and it is from them we draw the greater

part of our copper, lead, &c.

When a metalloid combines with a metal to form a compound
which is neither acid nor basic, the name is derived from the metal-

loid by the addition of the termination uret or ide. The latter is now

more usually employed by chemists (in the case of sulphur com-
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pounds) ; the former by miners and mineralogists. The termination

uret, in like compounds, will be retained in the following pages. The

reader, therefore, in comparing the term here employed with that

found in the more modern works on chemistry, will readily under-

stand the nature of the compound indicated. Thus we have com-

pounds of sulphur and chlorine with iron and silver, as sulphuret

or sulphide of iron and chloride of silver.

If a metalloid combines with a metal in many proportions, the

same rule is followed as in the oxygen compounds : thus we have

;;rota-sulphuret of iron, sesgui-sulptmret of iron, and fo'-sulphuret

of iron, ordinary iron pyrites or mundic.

Laws of Combination. On examining the variety of com-

pounds the same substances may afford by their union in different

proportions, it will be discovered that the proportions of each

element in each compound are fixed and definite j a certain weight

of one substance will only combine with a certain weight or weights

of another substance, and the lowest combining weight of any of

the elementary bodies is termed its equivalent or atomic weight,

and is represented by the numbers in the third column of the table

of elementary substances (pp. 2 & 3).

As before stated, all substances combine in fixed or definite pro-

portions : thus, if 111-56 parts of oxide of lead were analysed,

they will be found to consist of 10 3'5 6 parts of lead and 8 parts of

oxygen. Again, the analysis of 9 parts of water or oxide of

hydrogen would give one part of hydrogen and 8 of oxygen ; now,

assuming, as in the table of equivalents, hydrogen as unity, we

have 103-56 as the equivalent of lead, and 8 as that of oxygen.

Now, if we follow oxygen further in its combinations, it will be

seen that it combines thus

Oxygen 8 combines with Hydrogen 1

Lead 103-56

Calcium . . ... . 0-00

Silver 108-00

Potassium 39-00

The above numbers, therefore, represent the equivalents of the sub-

stances to which they are appended.

Again, the equivalent of sulphur is 16, and that weight of

sulphur combines with the above weights of hydrogen, lead, cal-

cium, silver, and potassium to form sulphurets of the respective
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bases. 35 '5 parts of chlorine, or 89*57 parts of selenium, also

combine with all the same weights, viz., hydrogen 1, lead 103-56,

&c., to form chlorides and seleniurets.

Such compounds are of the simplest class, consisting of single

equivalents only ; there are, however, many bodies containing more

equivalents than two, in which case the following laws are followed.

In one class of compounds a single equivalent remains constant,

while the equivalent of the other substance entering into composition

gradually increases. The following views of compounds of oxygen
and nitrogen will illustrate these cases.

One equivalent or 14 grs. of nitrogen combine with 8 grs. of oxygen

t " 9999 9> 99 >t

It 99 )9 99

JJ 99 99 99

91 99 99 99

Thus it will be seen that each new compound is formed by the gra-

dual addition of one equivalent of oxygen to the compound

preceding it ; and it must be borne in mind that no element combines

with another in less quantity than its equivalent proportion, but

that every addition is made by a simple multiple of the increasing

element.

Another series of compounds commences with two equivalents of

an element united with some uneven number of equivalents of

another element. This may be illustrated by the compounds of

antimony and oxygen.

Two equivalents or 258*06 antimony combine with 24 grs. of oxygen
^O

In this case the ratio is as 2 to 3 and 2 to 5.

The equivalent of a compound body is the sum of the equivalents

of the elements forming it : thus sulphuric acid is composed of one

equivalent or 16 parts of sulphur, and three equivalents or 24

parts of oxygen; its equivalent is therefore 40. Potash is com-

posed of 39 parts of potassium and 8 of oxygen = 47.

Now, sulphuric acid combines with potash to form sulphates of

potash, the equivalent of which is 87. In this manner the equiva-
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lent of any compound body may be ascertained by adding together

the equivalents of the substances forming it.

Erom that which has just been stated concerning the constancy of

composition of chemical compounds, we are enabled to state the

reaction occurring between two or more bodies when decomposition

takes place ; thus, 87 parts of sulphate of potash contain 40 parts

of sulphuric acid and 47 parts of potash ; and if it were desired to

obtain sulphate of lead by the decomposition of nitrate of lead by
the above amount of sulphate of potash, the exact amount of

nitrate required can be readily found thus : add together the weights

of the elements forming nitric acid and oxide of lead, and the

amount required will be given. Thus, nitric acid is composed of

14 nitrogen and 5 equivalents of oxygen or 40 together 54 ; oxide

of lead of 103*56 of lead, and 8 oxygen, together 111*56, which

with the nitric acid form 165*56. Now, on the addition of 165'56

parts of nitrate of lead in solution to 87 parts of sulphate of potash

also dissolved in water, 151*56 parts of sulphate of lead will be

precipitated in the insoluble form, and 101 of nitrate of potash

remain in solution,

Chemical symbols : their use. The symbol of an element stand-

ing alone signifies one equivalent or atom of the substance ; thus,

S implies 16 parts of sulphur : a small figure on the right hand side

of the symbol indicates the number of equivalents to be represented,

as S
2 equal to two equivalents or 32 parts of sulphur.

Two symbols placed thus, FeS, indicate a compound of iron and

sulphur, one equivalent of each ; they may also be separated by the

sign + or a comma, thus, Pe + S or Fe ,
S. This mode of

writing is, however, not usual with a body formed of two elements

only ; it is chiefly employed to show the union of two compound

bodies, as sulphuret of silver and sulphuret of lead, which compound

may be thus written, Ag S + Pb S, or Ag S , Pb S.

A large figure on the same line as the symbol, and on its left side,

multiplies the whole of the symbols to the first comma or -f sign :

thus, 2Ag S , Pb S or 2Ag S + Pb S is equal to 2 equivalents of

sulphuret of silver, and 1 only of sulphuret of lead ; if, however,

it be thus written 2(Ag S , Pb S) it means two equivalents of each

sulphuret.

There are two very important uses to which symbols may be

applied. One has already been mentioned, viz., the calculation of

the quantities
of materials to be employed in certain decompositions,
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and the other in rendering intelligible the reaction of one body

on another. This will be readily shown by a single example, the

reaction of common salt (chloride of sodium) on nitrate of silver,

as in the assay of the alloys of silver and copper in the humid way.

Na Cl + Ag , NO5
= Ag Cl + NaO, NO5 : which shows that

before the action we have 22'97 parts of sodium united to 35'5 of

chlorine and 108 of silver to 8 of oxygen and 14 of nitrogen with

40 of oxygen ; or, to commence with chloride of sodium and nitrate

of silver, after the action we have the 108 of silver combined with

the 35-5 of chlorine, and the 22'97 of sodium with the 8 of oxygen

previously in combination with the silver, and the nitric acid (NO5 ),

giving as a result, chloride of silver which is insoluble, and soluble

nitrate of soda.

CHAPTER II.

CRYSTALLOGRAPHY.

WHEN liquid or gaseous bodies pass slowly into the solid state, they

generally take vSry regular polyhedral forms, called crystals ; and the

science devoted to the study of these different forms, and the laws to

which they are subject, is termed Crystallography.

A knowledge of this science is highly useful to those engaged in

mining pursuits, as the mere form of a crystal very often suffices to

determine the nature of any apparently new substance, or the detection

of any gem amongst a quantity of crystallized common earthy

matters otherwise alike in colour, transparency, &c.

From time immemorial it has been remarked that certain minerals

presented regular forms ; and those of the rock crystal, diamond,

and others, had excited the admiration of the ancients ; but up to

the middle of the last century they had been looked at as accidental,

or mere freaks of nature. Linnaeus first remarked that, far from

being due to chance, they were so constant that they might be

employed to characterise certain minerals; but the number then

known was so limited that it was of scarcely any use.

It is to Borne de Lisle, however, a French mineralogist, we owe
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the first work on this subject. He collected a vast number of

crystals, measured their angles, and ascertained they were constant

for the same mineralogical species. By comparing the most varied

forms the same body could affect, he found they all depended one

on the other by a very simple mode of derivation. Hatty must,

however, be regarded as the father of the science. To the observa-

tions made before him, he added a vast number of others ; and he

arrived at a mode of expressing them by a mathematical law of

remarkable simplicity. He gave, at the same time, the theory of

the formation of crystals, and of their changes of form.

Forms in organised bodies seem to have been definitively deter-

mined by nature, each species possessing one common to itself.

Minerals appear at first sight not to be under the influence of this

law
; each family, for instance, presenting sometimes one form, some-

times another; and yet all these different forms seem characteristic.

Nevertheless, if any one were to be shown the various specimens of

carbonate of lime (above 1400), collected in various parts of the

globe, he would be struck with the multitude of configurations pre-

sented to his sight, and would certainly think that by them it would

be impossible to distinguish this mineral from others, especially on

viewing certain crystals of carbonate of lime, having more resem-

blance to crystals of other substances than to those of their own
kind. But to the mineralogist these numerous forms are, so to

speak, only variable habits in external appearance, but not in

character, under which the same individual is constantly dis-

guised.

The manner in which crystals increase, the cause of their changes
of form, the laws to which they are subject, the various modifications

they undergo by mechanical violence, heat, electricity, and those

which are dependent on light, will be examined in succession.

Desiring to give in this section, in which space is limited, a satis-

factory notion of crystallography, we shall follow the author Laurent,
from whose work this is derived, in admitting some very simple

hypotheses :

Istly. All solid bodies are formed by the union of associated

molecules.

2ndly. These molecules are of the same kind in the same body,
but different from those of another body.

3rdly. Molecules have the most simple polyhedral form that can
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be conceived. The tetrahedron (or pyramid with three faces) and

prisms with three or four sides.

4thly. These forms differ from each other in different bodies by
the relative dimensions of their edges, and by the value of their angles.

5thly. All molecules possess attractive forces, whose resultants

coincide with the axes or lines traversing these molecules.

6thly. The intensity of these forces varies by the influence of

exterior causes, such as heat, electricity, pressure, the presence of

foreign bodies, the nature of the solvent, &c. .

All these hypotheses will be established on parallelopipedal mole-

cules, or four-sided prisms ; it will then be seen how they can be

applied to tetrahedra and three-sided prisms.

It is now intended to examine that which happens to such mole-

cules in their passage from the liquid to the solid state.

In fluids, adhesion being destroyed by heat or a solvent, the mole-

cules composing them are free to move amongst themselves. By
now diminishing the heat or the quantity of solvent, these molecules

will obey their reciprocal attractions, and give rise to a solid body

by their association. Suppose a first molecule a (fig. 1) deposited

on a support in the midst of a liquid, the extremity

of a wire, for instance, on which it would be sus-

pended : let b, c, d, e, be many other free molecules

placed around the first; the dissolving cause de-

creasing these molecules will be deposited in their

turn, but not in any chance manner ; attracted by
the molecule a, they will present their corresponding

faces, and be deposited regularly on it. The same

will happen with the two other molecules not represented in the

figure,
the one in front, the other in back, and a small solid, B

(fig. 2), will be the result. It will be made up of seven molecules.

Letff (fig. 3) be other molecules adjoin-

ing the group B ; they will be attracted

by the molecules composing it, and will

be regularly deposited in the re-entrant

angles forming a new solid, c (fig. 4),

composed in one place of 9 molecules,

and altogether 27 ; other free molecules,

b, cy d, (fig. 4,) will be in their turn de-

posited, forming a new solid, similar to the first, but larger, and con-

taining 25 molecules in a plane, and 125 in all. The increase
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FIG. 4.

goes on continually in the same mannner by the regular juxtaposition
of molecules, unless anything limits it. Tf the

crystallization be stopped at any time whatever,

the crystal always contains a cubical number of

molecules 1, 27, 125, 343, &c. ; and these

numbers are the cubes of the odd numbers, 1
, 3,

5, 7, &c. ;
the symetrical union of these molecular

or elementary crystals produces a crystal similar to

the elementary molecule, a crystal which is termed

primitive, or the primitive form.
It has been tacitly admitted, that during the

whole course of the increase of a crystal the attractive forces

of the molecules had remained unchanged. Supposing, however,

that these forces diminish under the influence of exterior causes,

such as heat, the nature of the solvent, the presence of a

foreign body, &c., we will examine that which would happen

(that which takes place in one plane only will be noticed, for the

same argument will hold good for both the anterior and posterior

planes). Let b, c, d, (fig. 4) be free molecules placed round the

crystal, they would all be submitted to the attractive forces of the

crystallized molecules, but all would not be equally attracted.

The resultant of the forces of the molecules a a a, which attract b,

is greater, as seen by the angle, than the resultant of the forces which

attract c c, and still more d d\ admitting, therefore, that the diffe-

rence of these resultants is such that the four molecules b b b b

alone are deposited, the
FIG. 5. FIG. 6.

assemblage represented by

fig.
5 will be formed. By

continuing the same line of

reasoning, fig. 6 will be

formed, and so on. It

will be evident that this

crystal presents at any
time of its formation a

rhomboidal arrangement

different to the preceding,

fig. 4, which is rectangu-

lar. The steps Mo Mo,
formed by the invisible

molecules, are themselves invisible, and must therefore be considered
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FIG. 7.

a right line, M M. The rhomboidal figure formed by the primi-

tive molecules is termed a crystal or secondary, or derived form.

Supposing the attractive forces yet decrease, and let a a a a a

(fig. 7) be a nucleus already formed, and d c I c d,

free molecules placed about its upper face (to

simplify the matter, it may be taken for granted

that that which takes place on one face will hold

good for all the others) the five molecules doled
are attracted by the resultant of the forces of the

five molecules #, but the molecule b, on account of

its position, is more strongly attracted than c c, and

those more strongly than d d. Admitting, as

before, that the difference of these resultants is such that the mole-

cule b alone is deposited, the assemblage (fig. 8) is formed ; by con-

tinuing the same reasoning, fig. 9 will be produced, and so on. At

any time during the crystallization,
if the attractive

forces do not vary, an assemblage similar to that of

fig. 9 will result, but differing by the inclination of

its sides from that of figure 6
; it is also, however, a

secondary or derived crystal.

There is nothing to prevent the admission of many
other regular modes of increase by the deficiency of

1 molecule in height by 3, 4, 5, 6 molecules in breadth, or by 1, 2,

3, 4....^ molecules in height by 1, 2, 3, 4....n molecules in breadth, as

FIG. 9. FIG. 10.

in
fig. 10, which represents an increase produced by 3 molecules in

breadth by two in height.

It will be hereafter proved that these unequal increments, to which

the name decrements has been given, are sometimes produced on two

or three edges of a solid, sometimes on all the edges at once. They
also occur sometimes on all the solid angles, sometimes on one only.

With a like body, or with a like primitive molecule whose form is
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invariable, a multitude of derived forms can be obtained by these

regular groupings ; but all these derived crystals are linked to the

primitive crystal by a very simple law, which will be given.

In figure 6 the sides of the rhomboid are parallel to the diagonals

of the primitive crystal, or to the diagonals of each molecule. In

figure 9 they are parallel to the diagonals of the small rectangle

m n op, which is missing in the re-entrant angle. In fig. 10 they

are parallel to the diagonals of the small rectangle m n o jp.

If the primitive molecules were oblique prisms, as shown in fig. 11,

one of the sides, a b>

Fm - 1L would be parallel to

the great diagonal of

the small quadrilate-

ral figure m n o p,
whilst the other side,

a c, would would be

parallel to the small

diagonal of the same

quadrilateral figure, or to that of the quadrilateral figure r r t t
f

formed by 3 molecules in breadth and 2 in length, wanting in the

re-entrant angles.

In a word, the inclination of the sides of a derived form to the

base of the primitive form is always equal to that given by the diago-

nals of the quadrilateral figures formed by 1, 2, 3, 4....^ molecules in

height, by 1, 2, 3, 4....^ molecules in breadth, with the same base on

the sides of these quadrilateral figures.

If derived forms met with in nature were produced by very com-

plicated decrements of molecules in breadth and height, it would be

impossible to ascertain if the law of inclination just given is true

(a law which supposes the relative dimensions of the primitive mole-

cule known) ; but if we set out with the opinion that nature always

employs the most simple means to produce the most varied effects,

and if it be supposed that but very simple relations exist between

the decrements, that is to say that n and n' are simple numbers,
an hypothesis will present itself, which has been verified by obser-

vation.

Having shewn how crystals increase and change in form, it is

necessary, in order to facilitate the study of crystallography, to sup-

pose that derived crystals are formed in an inverse manner.

Let m n op (fig. 12) be a derived rhomb, produced by a decrement

of 1 molecule in height by 1 molecule in breadth. The same result
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will be arrived at (the same form), if it be supposed that the crystal

were at first rectangular, abed, and 1 molecule in height and 1

molecule in breadth, to be successively removed from the angles ; it

would be also the same thing if it were said that the figure m n o p

FIG. 12. FIG. 13.

had been produced by cutting, truncating, or replacing the angles

of the rectangle parallel to its diagonals.

If the primitive molecule were a rhomboidal prism it would give

an assemblage or crystal abed (fig. 13). By truncating the angles

of this rhomb parallel to its diagonals, the derived rectangle m n o p
would be produced ; so that it may be said indifferently that the

rectangle m n o p is derived from the rhomb a b c d by truncating

the angles; or, that the latter had been derived from the rectangle

by a truncation of its angles. Although crystals are not formed in

this manner (by truncation), it can, nevertheless, be said that a

derived form is produced by truncations made in the angles or the

edges of the primitive form, according to such and such an incli-

nation.

CLEAVAGE.

If crystals are formed, as already supposed, by a symmetrical

arrangement of associated molecules, the following inferences may
be deduced :

Istly, If any crystal be struck at random with a hammer, it ought
to separate according to the planes of junction of the molecules,
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furnishing fragments terminated by faces plane and parallel to the

faces of the form or primitive molecule.

2dly. Whatever may be the form of the derived crystals, had we

a thousand differing from each other (of the same substance), if

struck they would all break into fragments like the primitive form ;

and each of these fragments, being of itself an assemblage of primi-

tive molecules, ought to be infinitely divided by mechanical means

into other fragments all similar to the primitive form. Thus the

rhomboidal crystal, m n op (fig. 12), ought to break up into rect-

angles, and the rectangular crystal, m n o p, of another substance

ought to subdivide into rhombs.

3dly. If the primitive form is a cube, the six faces being equal,

the molecules ought to adhere to each other with the same force in

the direction of the six faces. It therefore results, if such a crystal

be broken, it ought not only to divide with the samefacility, follow-

ing three directions perpendicular to each other, but it ought also

to present fragments whose faces have all the same aspect (shining,

bright, sparkling, striated, &c.)

If the primitive form be the square prismatic, the crystal ought

to break in the same manner parallel to its four vertical faces, be-

cause they are equal, and in a different manner (more or less readily

with faces of a different aspect) parallel to its two bases, for the

resultant of the attractive forces (adhesion), which passes through

the two bases, is not equal to that of the attracting forces corre-

sponding to the four lateral faces. In a word, the fractures are

equal in any prism whatever corresponding with the four equal

Experiment confirms all these conclusions ; and it proves, further,

that which has been before supposed, that the solids obtained by the

breaking up of crystals are the most simple that can be imagined,

that is to say, solids of four, five, and six faces.

When a crystal is broken by subdividing it into regular fragments,

it is said to be cleaved, and the solid obtained by cleavage repre-

sents the primitive form.

But all bodies are not susceptible of cleavage. Nevertheless, in

these cases, they generally exhibit symptoms of cleavage, such as

alum, for example, which breaks in an irregular manner, but which,

nevertheless, presents striae in its fracture, which are indicative of an

imperfect cleavage. Some substances cleave very readily parallel to

certain faces of the primitive form, such as mica, which crystallizes

in a right prism whose base is a regular hexagon. It cleaves with
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wonderful facility parallel to its base, but shows no sign of cleavage

in the direction of its six sides.

The law of these cleavages can be verified in gypsum and in car-

bonate of lime. The first is met with in large quantity at Mont-

martre ; and it is not difficult to procure crystals as large as the

closed hand which cleave in three different directions. By the aid

of a penknife can be detached in one direction, with the greatest ease,

perfectly plane plates, brilliant and as thin as a piece of paper. These

leaves break perpendicularly to their greatest faces, according to two

directions, oblique one to the other ; but one of these cleavages,

which is obtained by bending the plate between the fingers, is dry and

brilliant, whilst the other is soft and dull. The primitive form of

gypsum is then a right prism, whose base is an oblique-angled paral-

lelogram, and not rhomboidal (four equal sides) ; for if the base

possessed the latter form, the four vertical sides being equal, its

cleavages ought to be correspondingly equal, which is not so. Car-

bonate of lime cleaves with the same ease in three directions (or

six with the parallels), giving a primitive form, a solid with six

faces, which are equal rhombs, and equally inclined to eachyother.

VTYPES. / I ;

//*
f!Xi

.S
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To explain the transformation of forms one into the other, it has

been shown that it matters little whether it be supposed that the^/

rhomb is produced by the truncation of the angles of a rectangle, or

whether the latter is obtained by truncating the angles of a rhomb.

Let a (fig. 14) be the base of a right prism susceptible of cleavage

perpendicular to its base, and parallel to the sides ab ac bd, and

consequently following the diagonals /", be, and cd. It is evident

that, by six cleavages equally made on the six sides, a new

FIG. 14, FIG. 15. FIG. 16.

hexagonal prism smaller than the original will be produced ; or by

cutting the prism through the centre A, following af, cd, eb, six

new prisms with equilateral triangular bases will result. Let B
(fig.

15) be one of these triangular prisms j
it can be cleaved according
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to the angles a b c, and thus subdivided into four new triangular

prisms, or into three triangular prisms and an hexagonal prism, c

(fig. 16). Thus the hexagonal prism may be either considered a

triangular prism whose vertical edges are truncated, or the latter

as resulting from the cleavage of an hexagonal prism.

In general, the construction of a building with plane surfaces is

most readily represented as the resultant of the assemblage of

parallelopipedons, or four-sided prisms. Suppose, then, that all

the primitive molecules of different substances are parallelopipedons,

the prism with rhomboidal base may be considered as made up of two

triangular prisms, whicli would represent the primitive molecule ob-

tained by cleavage, &c. Thus situated, it may be stated that all

crystalline forms at present observed may be obtained by truncating

(not arbitrarily, but according to the law of inclination already

given) the solid angles or edges of the six parallelopipedons about

to be described, to which the name of type or crystalline system has

been given, and which are distinguished from each other by the rela-

tive size and reciprocal inclination of their edges.

Every parallelopipedon possesses three axes or lines of symmetry

passing through the centre of the two opposite faces, and conse-

quently these three axes meet in a point which is the centre of the

parallelopipedon. Any plane passing through the centre of a paral-

lelopipedon divides that solid into two equal parts. The principal

axis is that which has the greatest amount of symmetry around it.

Thus, in the right prism with square base (square prism) the prin-

cipal axis is the line passing through the centre of the two squares,

because the similar angles and edges are similarly placed in relation

to this line. If the three axes are unequal without one having more

symmetry around it than the other, the solid is said to have three

indifferent axes. If the three axes are equal, as in the cube,

either one of them may be considered as the principal axis.

In studying a crystal, the observer ought always to place it before

him in such a manner that the principal axis, if there be one, or any

other axis, in the contrary case, is vertical. One of the other axes

ought to be turned towards the observer. It is important that it be

well borne in mind, which is besides very easy, the equality or ine-

quality of the edges, faces, and angles of the six type-forms about to

be described ; for it is on this equality that the laws of modification

about to be described rest.
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SYSTEM 1.

Cubical.

FIG. 17.

19

Axes, 3 equal and perpendicular.

Faces, 6 equal, square.

Solid angles, 8 equal, right.

Edges, 12 equal.

^ SYSTEM 2.

Right prismatic with square base (square prismatic).

FIG. 18.

(2

equal.

1 unequal, vertical.

(principal axis.)

{4

equal, rectangular.

2 square (the upper and under faces are

indifferently the base of the prism).

Angles, 8 right, equal.

Edges, C 4 vertical,

two species. ( 8 horizontal.
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SYSTEM 3.

Right Prismatic with rectangular base (rectangular prismatic).

FIG. 19.

Axes, 3 perpendicular, unequal.

2 rectangular.

Faces, three species- 2 do.

2 do.

Angles, 8 right, equal.

(4
do. do.

Edgest three kindsK 4 do. do.

\4 do. do.

FIG. 20.

SYSTEM 4.

Oblique prismatic with rectangular base

(oblique rectangular prismatic).

Either of the axes may be" vertically arranged.

If it be placed so that the axis ab is vertical, a

right prism with an oblique-angled parallelogram

will result. This prism is only conventionally

placed, so that one of the rectangular faces m
is inclined like a desk, whilst the other n is

vertical.

Axes, 3, unequal, of which one, db, is perpen-

dicular to the two others.

(2 rectangles.

Faces, three
species-j

2 do.

1 2 oblique-angled parallelograms.

r4 obtuse.

acute.

4 right-angled vertical.

4 right-angled inclined.

2 obtuse-angled horizontal.

2 acute-angled horizontal.
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There are reckoned four kinds of edges in this solid, although, in

relation to length, there are but three. But in crystallography it is

not sufficient that two edges are equal that they have the same length.

It is necessary that the planes of which they are the intersection should

have the same angles : thus the edge rs, although equal to the edge

op, is not the same kind : rs is equal to tu, and op= vx.

SYSTEM 5.

Oblique prismatic with oblique parallelogram for base,

This prism rests only on one angle.

FIG. 21.

Axes, 3 unequal, and unequally inclined to each other.

Faces, three kinds, equal 2 and 2.

Angles, four kinds, equal 2 and 2.

Edges, six kinds, equal 2 and 2

Anything whatever (face, angle, or edge), in this system, has only

its opposite equal to it.

SYSTEM 6.

Rhombohedral.

Axes, 3 equal, and equally inclined one to

the other through the middle of the faces.

Faces, 6 equal rhombs.

1.1(2 equal, a and b.

Angles, two kinds
j n . . .

^6 equal, c d efg h.

6 equal, passing three by three

from the summits a and b

FIG. 22. FIG. 22 bis.

Edges, ^

two kinds
6 equal, passing in a zigzag di-

rection round the prism cd

de effg gh and he.
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To understand the transformation of this system with more facility,

instead of three axes it is better to assume four
;
one the principal, and

the three others equal to each other, equally inclined to each other

(60), but all perpendicular to the principal axis : a b being the

principal axis, imagine three other horizontal lines going

from the middle of cd to the middle of yf
>> >, de gh
tt tt V CM>

these three lines will represent the three secondary axes.

The four axes are placed like those of a right prism with regular

Fm 34 hexagonal base. Let A and B

be a section through the middle

of a right prism with hexagonal

base, and, perpendicular to the

prism, the three lines ab cd ef
will represent the three secondary

axes passing from the middle of

the opposite edge (fig. 23) or of the opposite angle (fig. 24). The

vertical and principal axis is then perpendicular to the three secondary

axes.

There are two varieties of rhombohedra obtuse rhombohedra (fig.

22 bis), and acute rhombohedra (fig. 22). The cube placed on one of

its solid angles may be considered as the limit of the obtuse and

acute rhombohedra.

LAWS OF SYMMETRY.

If it be true that crystals change their form, as our molecular

theory has led us to suppose, it is clear that whenever a decrement

or truncation is effected on an edge or on a solid angle, this trunca-

tion must necessarily be repeated on all the edges and on all the

equal angles ; for there is no reason why a modification which has

taken place on one edge, or on one angle, should not be repeated on

all the edges and on all the equal angles, the attractive forces being

the same on similar angles and edges.

It is also evident that, if a truncation (decrement) be made on an

angle, it need not be reproduced on different angles, or if the trun-

cation is effected if will be different.
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FIG. 25.

For instance, let a (fig. 25) be a nucleus, one of whose faces is an

oblique angled parallelogram, and I mno
free molecules attracted by the molecules

forming the re-entrant angles. These

angles are of two kinds, two obtuse and

two acute. The resultants of the attrac-

tive forces which act on / and m are

equal, but different (on account of the in-

clination) from those acting in o and on n.

The forces opposing crystallization may be

sufficient to retain o and n in solution, but

not sufficient to prevent the crystallization

of the molecules / and m : we shall then

have a parallelogram with two obtuse and

equal angles truncated. Suppose that the

attractive forces acting on the 4 angles

of the parallelogram are not sufficient to

excite the crystallization of the molecules

Im n oy the four angles, although unequal, will indeed be truncated,

but not in the same manner, for the diagonal facet, a b, of a molecule

will be smaller than the facet g h, the second diagonal of the same

molecule. Further, the angles a I n, o I b, which the facet a b forms

with the sides of the parallelogram, are not equal to the angles b o I,

g o m, made by the facet g h with the same sides of the paral-

lelogram.

If the figure were a rectangle the four angles would be equal, and

the four would be equally truncated (fig. 26), but the inclination of

FIG. 26. FIG. 27.

the facets / i is not the same on the edges a b and c d as on the

edges a b and a c.

If the figure were a square (fig. 27) the four angles would be

equally truncated ; further, the inclination of the facets would be the
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same in the two adjacent sides : thus, by a sufficient prolongation of

the facets, a new square would result.

These deductions are expressed in the following law, which experi-

ment has completely confirmed :

The modifications effected by truncations on certain parts of
a crystal are reproduced in a like manner on all parts of the

same kind, but are not reproduced, or if they are it is in a dif-

ferent manner on unlike parts.

The facets produced by truncations are equally inclined to

the adjacent faces if the latter are equal, and unequally in-

clined if the adjacent faces are unequal.

FIG 28. FIG. 29.

Thus, if the solid angle of a cube is modified by a facet A
(fig. 28)

the latter will be an equilateral triangle. If there are three truncations

on this angle the three truncations will be equally inclined to the

faces or the edges of the cube B (fig. 29.)

FIG. 30. FIG 31.

It is not possible to have two facets only on the angle of a cube.

If four modifying facets were present, c (fig. 30) they would be of

two kinds the one corresponding to the facet of fig. 28, and the

three others to the facets of the fig. 29, or of the fig.
31.
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Edges or solid angles can be truncated more or less deeply;

nothing limits the increment of modifying facets ; they may cause

even the entire disappearance of the primitive form. It is thus that

a right prism, with rectangular base truncated in its four vertical

edges, can at first give rise to an eight-sided prism, then to a right

prism with a rhombohedral face.

The length of the edges or the dimensions of the faces have no

value in crystallography. Thus a substance which crystallizes in

the cubical system can have one, two, or three of its angles slightly,

whilst all the others are more deeply, truncated (fig. 32). It is

Fm 32
the inclination of the faces which deter-

mines their equality, and not their

measurement taken by compasses. It is

even very rare to meet with a cube very

nearly cubical, all the angles are 90, but

nearly always certain faces are longer

than others.

But then it may be asked, if this in-

equality exists, how can it be ascertained

whether a crystal is a cube, a right prism
with a square base, or a right prism with a rectangular base ?

The method is easy : it is sufficient to examine the modifications

or truncations. If an edge be truncated and the crystal a cube, the

other edges will be equally truncated and equally inclined to the

adjacent faces. If it be a right prism with rectangular base, four

edges only will be truncated. If there be eight truncations, four

will be of one kind and four of another. If the twelve edges are

truncated, there will be three kinds of truncations, which may be

distinguished by the measurement of the angles.

But sometimes crystals are met with which give no marks of modi-

fication : in such a case recourse must be had to the lustre of the faces

or to cleavage, in order to determine to which system they belong.

Suppose there were three perpendicular cleavages, if the three cleav-

ages are equal, it is the cubical system ; if there are two equal, it is

the right prismatic with square base; if the three cleavages are unequal,
it is the right prismatic with rectangular base. Supposing the

crystal to give but two cleavages, it is not a cube ; if they are equal,

it is a prism with square base (the cleavages then correspond to the

sides of the prism) ; if they are unequal, it is the rectangular prism.

Lastly, in the absence of modifications and cleavages, there are yet
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other means of determining the system to which a crystal belongs :

these will be pointed out hereafter.

It has been stated that a cube whose edge has been truncated

ought to have the remaining eleven edges truncated also ; yet some-

times crystals of a substance are met with where this symmetry does

not exist. Thus, in the examination of alum, which crystallizes as

a regular octohedron, whose twelve sides and six angles are equal,

small truncations will be perceived on only two or three angles, and

on 1, 2, 3, 4.... edges: nevertheless, this kind of abortion of facets

must not be regarded as an anomaly in the law of symmetry. The

position of the crystal in the vessel in which it was formed, the proxi-

mity of the sides or of other crystals, have more or less prevented

the development of the crystal, as much in one direction as in the

other. Moreover, if the edges or angles which are not truncated be

examined by the microscope, small facets, re-establishing the symmetry,

will be nearly always perceptible. Other crystals formed by the side

of the first may shew truncations on all their angles.

It has been averred that the modifying facets can cause the entire

disappearance of the faces of the primitive form, thereby furnishing a

new crystal. That, however, as will be shewn, always belongs to the

same crystalline system. Thus all crystals derived from the cube

(according to the law of symmetry) belong to the cubical system

that is to say, they possess three equal and perpendicular axes. A

prism may be at the same time truncated on its angles and on its

edges ; each angle and each edge can be replaced not only by one

facet, but somethnes by 2, 3, 4, 5, 6.... facets. Derived forms are

thus obtained, which may have from 50 to 100 or more faces. It

appears at first sight very difficult to recognise all these forms, and

determine the system to which they belong. Nevertheless, nothing

is more easy ; but the law of symmetry and the distribution of the

axes in the six crystalline types must not be forgotten ; neither must

it be forgotten that the principal axis, if there be one, or in the con-

trary case, any other axis, must always occupy a vertical position ;

lastly, it must always be admitted that if a prism undergoes these

modifications, the three axes remain in the same position in relation to

the observer.

This being well understood, some examples of modification in the

various crystalline systems will be given. In order to become fami-

liar with the study of these transformations, it would be as well to

form with clay or chalk the six fundamental forms, and by means of a
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knife, or, better still, a rasp, gradually truncate the angles and

edges strictly in accordance with the law of symmetry : by proceeding

in the above manner, it will be easy in a short time to recognise at

first sight to which system any described crystal may belong.

It requires some little practice to recognise crystals in which but

a part of the faces only is visible, and especially those where certain

modifying facets have increased more than others of the same

kind.

MODIFICATIONS OF THE CUBICAL SYSTEM.

(The same letters indicate similar faces in the same figure, and all

the corresponding faces or facets in the other figures.)

Figures 83 to 37, Transformation of the cube to the regular

octahedron :

FIG. 33. FIG. 34. FIG. 35.

33. Cube.

34. Cube truncated on its angles, which are replaced by equila-

teral triangular facets.

35. Cube more deeply truncated.

36. Ditto ditto.

37. Eegular octohe- FIG 36. FIG. 37-

dron. The truncations

made on the angles of

the cube have caused

the disappearance of its

faces, and of each of

these faces there remains

nothing but a point, which is one of the summits of the octohedron.

The eight angles of the cube are replaced by eight equilateral

triangles.

The six faces of the cube are replaced by six pyramids with four faces.



MODIFICATIONS OF THE CUBICAL SYSTEM.

The twelve edges of the cube have changed position.

The three axes have not changed place ; they pass through the six

summits of the octahedron.

By referring to the figures from 37 to 33 it will be evident that

by truncating the six summits of the octahedron a cube will be

gradually re-formed.

Passage of the cube to the rhomboidal dodecahedron :

FIG. 38. FIG. 39. FIG. 40.

38. Cube truncated on its twelve edges.

39. Cube more deeply truncated.

40. Khomboidal dodecahedron.

The three axes of the cube pass through the six four-faced

summits.

The eight angles of the cube are replaced by eight three-faced

summits.

The twelve edges of the cube are replaced by twelve equal
rhombs.

By truncating the six equal summits a cube will be re-formed.

Passage of the dodecahedron to the octahedron :

FIG. 41. FIG. 42.It has been shown

that the eight solid

angles of the cube,

during their passage
into the dodecahe-

dron, are converted

into eight more ob-

tuse angles, which

have the same relative position in the dodecahedron. Then, by the

truncation of these eight angles of the dodecahedron, at first the
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figure 41 will be formed, then the figure 42, and
lastly the

regular octahedron
(fig. 37).

Passage of the octahedron to the dodecahedron:

This conversion is the inverse of that just described. The twelve

edges of the octahedron on truncation give at first the figure 42,
then 41 and 40.

The twelve small diagonals of the rhombs of the dodecahedron

form a cube, and the twelve large diagonals of the same rhombs one

octahedron.

Passage of the cube to the trapezohedron : -

FIG. 43. FIG. 44. FIG. 45.

43. Cube, each angle being modified by three equal facets.

44. More considerable modification.

45. The complete or trapezohedral modification. This is a solid,

with twenty-four equal and trapezoidal faces (8 angles of the cube

x by 3).

The three axes pass through the six quadruple and equal square-

based summits.

The six faces of the cube are replaced by the six preceding summits.

The eight angles are changes into eight triple obtuse angles.

The twelve angles are replaced by twelve four-faced and rhom-

boidal-based summits.

Passage of the octahedron to the trapezohedron :

Since the eight angles Fm 46 Fm 47

of the cube have fur-

nished the eight triple

angles of the trapezohe-

dron, it results that by

the truncation of these

eight angles there would

be first produced the

figure 46, then 47, and lastly the regular octahedron ; and con-

versely, by cutting the six summits of the octahedron, with four
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faces to each summit, the figure 47 would at first result, then 46,

lastly 45.

Passage of the dodecahedron to the trapezohedron : By trun-

cating the 24 edges of the dodecahedron.

Passage of the cube to the hexatetrahedron :

FIG 48. FIG. 49. FIG. 50.

By replacing each edge of the cube by two facets the figure 48

will be first produced, then 49, and lastly 50, which is the hexatetra-

hedron.

If it be considered with a little attention, it will be readily per-

ceived that it is a cube, each face of which is surmounted by a very

flattened pyramid. By truncating these four-faced summits a cube

will be reproduced.

The angles of the cube Fm 5L FlG. 52 .

are here replaced by six

angles with six faces;

then by the truncation

of these angles there will

be produced first the

figure 51, then 52, and

lastly the regular octohe-

dron; conversely, by making four truncations on each angle of

the octohedron there will be produced the figure 52, then 51, and

lastly 50.

Other polyhedra with forty-eight and with twenty-four

faces :

The figure 53 represents the octohedron, in which each edge has

been replaced by two facets. In figure 54 the modification is

finished. It can be readily seen that it is an octohedron, in which

each face is surmounted by a very flattened three-faced pyramid.

Figure 55 shows an octohedron, in which each summit is replaced

by eight facets (8 x 6), giving lastly the figure 56, a forty-eight-

faced solid.
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By truncating the six eight-faced summits of the figure 54 the

cube will result.

FIG. 53. FIG. 54.

FIG. 55.
FIG. 56.

By the truncation of the eight three-faced summits the octohe-

dron will be formed.

By truncating the twelve edges which pass from one eight-faced

summit to another eight-faced summit, a dodecahedron will be

produced.

All the crystals of the cubical system are immediately recognised.

They are, so to speak, spherical ; that is to say, that all the angles of

the same kind are tangents of one sphere.

MODIFICATION OF THE RIGHT PRISM WITH SQUARE BASE (KIGHT

SQUARE PRISM).

FIG. 57. FIG. 58. FIG. 59. FIG. 60. FIG. 61.

Let A be the base of this prism, it will be seen that by truncating

the vertical edges an eight-sided prism (base B) will be first produced,
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then another prism with a square base (C) . There can also be pro-

duced a prism with eight sides, whose base is D, and a twelve-sided

prism with the base E. They can be easily recognised, because all

their prisms have two equal perpendicular axes passing either through

the middle of the edges of the square A, or through the opposite

angles. It is this equality of four or its multiples which predo-

minates in this system.

Passage of theprism to the octahedron with square base :

FIG. 62. FIG. 63. FIG. 64.

62. Right prism with square base.

63. Eight prism modified on its eight angles.

64. Eight prism.

FIG. 65. FIG. 66. FIG. 67.

65. Eight prism. This is a dodecahedron formed like that of

the cube by twelve rhombs, but with this difference, they are not all

equal. There are four of one kind, the residue of the vertical faces

of the prism, and eight of another kind corresponding to the solid

angles of the same prism.

66. The same modification passing to an octahedron with a

square base (fig. 67) formed by eight isosceles and eqnal triangles,

the principal axis passing through the two equal summits. The two
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other axes pass either through the four other summits, or through
the middle of the four horizontal edges, forming a square.

FIG. 68. FIG. 69. FIG. 70.

68. Prism with its eight similar horizontal sides truncated.

69. Modification passing into fig. 70; lastly, into another octa-

hedron with a square base similar to the preceding.

It can be seen that, by the simple truncation of the four

horizontal edges of the octahedron, the figure 70 will result; then

69.

If the four angles traversing the two secondary axes be truncated,

another prism will be formed, but always having a square base sur-

mounted by a four-sided pyramid.

FIG. 71. FIG. 72. FIG. 73. FIG. 74.

71. An octahedron modified by two facets on its four horizontal

edges passing into fig. 72, which may be considered as a combination

of two octahedra, the one more acute than the other.

73. A prism in which each angle is replaced by two facets passing

into fig. 74, formed by two pyramids with eight faces placed base to

base.
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FIG. FIG. 76. FIG. 77.

75. An octohedron, in which two equal summits are truncated, or

a right square prism whose eight horizontal edges have been trun-

cated.

76. The same form, but whose four equal angles with four faces

are truncated, and passing into another prism with square base.

77. Octohedron, whose two equal summits are each replaced by

four faces passing into another octohedron with a square base.

Modifications of the right prism, with rectangular base ; right

rectangular prism. Let A (fig. 78) be the base of such a prism; by

FIG. 78. FIG. 79. FIG. 80.

truncating the vertical angles a right prism with a rhombic base

will be obtained within the first.

Pass two horizontal axes through the middle of the sides (fig. 79) B,

or through the opposite angles (fig. 80) c. In the first case there

will be two unequal, but perpendicular axes ; in the second, two

equal, but inclined axes.

FIG. 81. FIG. 82. FIG 83.

In the prism with rhombic base (figs. 81 D, and 82 E) there are
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also two unequal but perpendicular axes, as well as two equal but

inclined axes.

Taking any face of a rectangular prism for a base, there will be

three corresponding prisms with rhomboidal bases, since the rectan-

gular prism can be placed in three different positions.

It is the same of the right prism with rhombic base (right rhombic

prism); but then if the rhombic base r
(fig. 83) be placed vertically (F),

it must be considered as a right prism with a rectangular base, whose

four parallel and similar horizontal edges are truncated.

FIG. 84. FIG. 85. FIG. 86.

84. Eight prism with rectangular base; a the base, b one side, c

another.

85. A prism, whose four vertical sides are truncated and passing

into the figure 86, which is a right rhomboidal prism.

FIG. 87. FIG. 88. FIG. 89.

87. Is
fig. 86, whose two vertical and obtuse edges are truncated.

It is then a six-sided prism, having the two faces b of
fig. 84.

88. Is fig. 86, whose four solid obtuse angles are truncated.

The facets o correspond to the four horizontal similar edges of the

prism 84.

89. Is 88, whose truncated vertical obtuse edge gives the face b

of the fundamental prism.

90. Rhomboidal prism, whose four acute and equal angles are

truncated.
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91 . The same as 88, but less advanced.

FIG. 90. FIG. 91. FIG. 92.

92. Cuneiform octahedron (wedge-like), whose base is a rectangle.

It is obtained either by truncating the four edges of each base of a

ctangular prism, or the eight solid angles of a rhomboidal prism.

FIG. 93. FIG. 94. FIG. 95.

93. A Rhomboidal prism, whose eight solid angles are truncated.

94. Is the rhomboidal prism 86, whose obtuse angles are trun-

cated. It may be considered as an octahedron with a rectangular

base, but whose axis, which passes through the summit of two

pyramids, is horizontal.

95. Another octahedron with rectangular base, produced by the

truncation of the acute angles of the rhomboidal prism 86.

FIG 96. FIG. 97.

96. The rhomboidal prism 86, whose eight angles are truncated,

and passing into another octahedron with rectangular base (vertical

axis).
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97. The octahedron 94, whose eight edges are truncated. The

eight facets o o corresponding to the eight solid angles of a right

prism with rectangular base, or to the eight equal edges of a rhom-

boidal prism.

FIG. 98. FIG. 99.

98. Is fig. 97, in which the facets o o have nearly obliterated all

the other faces. This figure represents an octahedron with rhombic

base placed so that either axis may be vertical ; the pyramids having
their summits traversed by the vertical axis, have always rhombic

bases.

This octahedron can also be produced by truncating the eight

angles of the rectangular prism.

99. The same as 98, having two summits truncated.

FIG. 100. FIG. 101. FIG. 102. FIG. 103.

100. The same as the preceding, having its six summits truncated.

It may be noticed that these six truncations will reproduce the rec-

tangular prism.

By the modification of the edges and angles of all the preceding

faces, an infinite variety of crystals will result ; but if the facets on

these latter be removed, there can always be observed either a rec-

tangular or rhomboidal prism, or a rectangular or rhomboidal octa-

hedron. In a word, the polyhedra are symmetrically traversed by
three unequal and perpendicular axes.

Modification of the oblique prism with rectangular base.

104. Oblique prism with base a rectangular. By truncating the
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vertical edges there will be first obtained an eight-sided prism, then

an oblique prisin with a rhombic base (fig. 106). Fig. ]05 shews

the pointed rhomboidal prism resulting from the rectangular prism

which envelopes it. According to the inclination of the truncations

FIG. 104. FIG. 105. FIG. 106.

to the sides of a rectangular prism, either an oblique rhomboidal

prism is obtained, of which the small diagonal of the base is hori-

zontal (fig. 106), or a prism whose great diagonal is horizontal

(%. 107.)

FIG, 107. FIG. 108,

108. Prism with six planes.

If the transformations of the three first types have been well

understood, the following figures will suffice to show how the oblique

prism with either rectangular or rhomboidal base may be meta-

morphosed :

FIG. 109. FIG. 110. Fro. 111. FIG. 112.
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FIG. 118. FIG. 114. FIG. 115. FIG. 116.

FIG 117. FIG. 118. FIG. 119.

Modifications of the oblique prism with oblique-anyled paral-

lelogram base. In this system, which is irregular, the modifications,

although susceptible of being varied to infinity, are nevertheless

but few.

FIG. 122.FIG. 120. FIG. 121. FIG. 123.

FIG. 124. FIG. 125. An edge or an angle

being truncated only, ne-

cessarily infers the trunca-

tion of the opposite angle

or edge, since in this sys-

tem it is only the opposite

angles and edges which are

equal. Nevertheless, four,

six, or eight edges may be truncated, but the modifications on the

different edges will be unlike.

Modifications ofthe rhomlohedron. The rhombohedron, which

is a symmetrical polyhedron around a principal axis, gives rise to a

great number of very regular and very elegant forms.

It has been seen that in the right prism with square base and
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principal axis, that the number 4 or its multiples predominate in its

modifications. In the rhombohedron (with three horizontal equal

axes) it is the number 3 or its multiples which may predominate.

It may be further stated that from each principal summit* spring

three equal edges, and that the six other edges pass in a zigzag

direction around the rhombohedron.

Fia. 127.FIG. 126. FIG. 128.

126. E-hombohedron.

127. Hhombohedron truncated in six edges of its summits.

12b. The truncation completed, giving another rhombohedron

more obtuse than the first. By truncating the six edges of the

summits of this rhombohedron, a rhombohedron more obtuse than

the second will result
;
and so on.

FIG. 129. FIG. 130. 129. The rhombohedron 126,

whose lateral angles are trun-

cated.

130. Truncation more ad-

vanced, forming two hexahedral

pyramids placed base to base.

FIG. 133.

131. The facets c have entirely obliterated the faces a, presenting
a more acute rhombohedron. This, truncated in the same way as

the six lateral angles, furnishes a third still more acute, and so on

* The principal summits are the two solid angles traversed by the principal axis.
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Sometimes rhombohedra of this kind appear whose summits are

like needles.

132. Is figure 130, whose six horizontal edges are truncated.

133. The same modification.

FIG. 134. FIG. 135.

134. The preceding, with two summits truncated.

135. The preceding completed. It is a regular prism whose sides

are inclined one to the other at 120.

FIG. 136. FIG. 137. FIG 138.

136. The six-sided prism modified on its twelve solid angles be-

coming a pyramid like 130, but whose faces would correspond to

the edges.

137. Is the figure 130, whose six lateral angles are truncated,

and which becomes another hexagonal prism whose planes correspond
to the vertical edges of the prism 135.

138. Is 137 more advanced.

FIG. 139. FIG. 140. 139. The rhombohedron 126,

whose six lateral angles are trun-

cated parallel to the principal

axis. It is a six-sided prism
terminated by rhombohedral

summits.

140. The rhombohedron 126,

whose six lateral edges are truncated parallel to the axis, passing
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into 141 and 142 six-sided prisms terminated by rhombohedric

summits. The vertical angles of these prisms correspond to the

vertical faces of the prism.

FIG. 142. FIG. 143.Fm. 141.

FIG. 144. FIG. 145.

143. The rhombohedron 126, each lateral edge being replaced by

two facets inclined to the principal axis.

141-. The preceding modi-

fication completed ;
a double

six-sided pyramid, but whose

base is zigzag.

145. The rhombohedron

126, each lateral angle being

replaced by two facets inclined

to the principal axis, and

forming a double six-sided

pyramid analogous to the pre^

ceding.

HEMIHEDRIC FORMS.

It has been shown that in truncating the eight angles of a cube a

regular octohedron is produced: Suppose, however, instead of trun-

cating the eight angles, four are neglected, replacing the other four,

as in
fig. 146, it will be seen that the two upper facets oo, by in-

creasing in size, obliterate the upper face of the cube, of which there

remains but a single line. The diagonal ab oo and oo", by uniting,

leave of the two anterior and vertical faces of the cube only the two

diagonals be and ca. The four truncated angles then give rise to

the four equilateral triangular faces, consequently to a regular

tetrahedron, whilst the six edges represent the five diagonals of the

cube.
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FIG. 146. FIG. 147. FIG. 148.

The three axes pass through the middle of the edges. This

solid must not be placed on a base as shown in fig. ] 48, for then the

axes would not keep their primitive positions, and the transforma-

tions of the tetrahedra could not be so easily understood. Tn ob-

taining this solid the law of symmetry has not been followed ; and

yet crystals are frequently met with possessing this form. It must

be supposed that by a kind of caprice the force of crystallization

had neglected to form the other truncations, and the name of

hemihedric crystals has been given to these solids, the half of whose

faces have not been formed.

Boracite is often met with under the form of a cube truncated

on four angles only; and as it has been remarked that each

summit was capable of producing a different electricity to the oppo-

site non-truncated summit, the dissymmetrical appearance of the

crystal has been attributed to the two electric forces with which it

seems endowed.

But as electricity could not act on the crystal before its forma-

tion, it must be admitted that the nucleus on which it was formed

was already unsymmetrical before electricity was enabled to act

on it to continue the hemihedrism ; in which case the nucleus

was hemihedric without the assistance of electricity, or it must

be admitted that the nucleus was cubic; then it cannot be con-

ceived why one of the electricities would seize on one angle more

than the other, whilst the contrary electricity seized on the opposite

angle.

It is preferable to admit the ingenious ideas of M. Delafosse

on this subject, and separate the hemihedric crystals from the

systems in which they are placed, and set them apart in new

systems.

According to M. Delafosse, the regular tetrahedron can give rise

by symmetrical transformations to a cube, but this cube, which is so
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geometrically, is not so in a physical point of view, the eight angles

not being physically equal.

An engraving will readily shew this difference.

Suppose that the primitive molecules of a substance were cubi-

cal, it is evident that those cubes by symmetrical grouping would

give rise to a cubical arrangement whose eight angles would be identi-

cal
;
and it would be impossible that one of these angles should be

modified, unless the seven others were equally so.

FIG. 149. Fia. 150.

Suppose, on the contrary, that the primitive molecules were regular

tetrahedra, these tetrahedra would group symmetrically, as shewn in

fig. 149.

Admitting that like rows were disposed in a cube (fig. 150), so

that the angle a of the cube should be formed by the base of a

tetrahedral molecule, and consequently the angle b of a summit of

these tetrahedra. Suppose also the same for the other angles of

the cube. Place at a c e h the bases of the tetrahedric rows, and

at d f g b the summits. Although the assemblage of all these

tetrahedra would be cubical, it will be seen that the angles are not

identical, and that of the eight angles, four, ace //, may be modified

without touching the others ;
at the same time it may be supposed

the rows not having their extremities identical, positive electricity

may be manifested by one, whilst negative electricity may be ex-

hibited by the other. The crystal would then present 4 + poles

and 4 poles.

Thus tetrahedral molecules may give rise to a crystal which may
be cubical, octahedral, dodecahedral, &c. ; but a cube, an octahedron,

or a dodecahedron, formed by an assemblage of cubical particles, can-

not give tetrahedral crystals. It is necessary, then, to divide the

cubical system into two others, the cubical system proper and the

tetrahedral system.
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The following are some modifications of hemihedric crystals :

Hemihedrism of the Cubical system : (regular Tetrahedron],

FIG. 151. FIG. 152.

151. Tetrahedron, whose four solid angles are truncated. The

facets o are equilateral triangles, which by increasing meet in the

middle of the edges of the tetrahedron ; then the faces of the latter

only exist as equilateral triangles, i c d, h d f, and two posterior

triangles (fig. 152). The result of which will be a solid composed,

firstly, of four equilateral triangles (residue of the faces of the tetra-

hedron) ; secondly, of four similar triangles produced by the trun-

cation of the angles ; in all, eight equilateral triangles, or a regular

octahedron.

Since the six edges of the tetrahedron correspond to the six diago-

nals of the faces of the cube, it follows that if these six edges be

truncated a cube will gradually result.

Hemihedrism of the right prismatic system with square base

(square prismatic) .

FIG. 153. FIG. 154. FIG. 155. FIG. 156.

Let 1 53 be a right prism with a square base, and suppose that

the angles m n and o p be truncated until the facets meet at a b, that

the edges m p and n be not truncated, and truncating in the same



46 HEMIHEDRISM OF THE RHOMBOHEDRIC SYSTEM.

manner on the opposite side the edges r s and y t, a hemihedric

solid (154) will be obtained.

If the four facets be sufficiently prolonged they will obliterate the

face c of the prism, giving rise to the tetrahedron 155, formed of

four equal and isosceles triangles.

The crystals met with under the form 154 may be considered

an assemblage of tetrahedra with equal isosceles triangles. A prism

with a square base formed of square prismatic molecules could not

give a like tetrahedron ; whilst a cubical crystal formed of cubes

could give only tetrahedra.

Hemihedrism of the rhomlohedric system* Suppose that the

primitive molecule of a right prism with a regular hexagonal base be

itself an hexagonal prism. According to the law of symmetry, by trun-

cating an edge of the base the remaining eleven ought to be truncated

Fie. 157. FIG. 158. FIG. 159. FIG. 160.

(fig. 157) ; and the inclination of the facets a a.... on the planes p of

the prisms ought to be all the same. It can be seen by truncating the

six lateral edges or the six lateral angles of a rhombohedron parallel

to the axis, a regular hexagonal prism, truncated by rhomboidal

summits, may be obtained (figs. 158, 159). By completely trun-

cating the summits of these two prisms, a regular hexagonal prism

will result ;
but this, although geometrically like, is not physically

identical with the hexagonal prism (fig. 157). For instance, the

prism (fig. 157) cannot, according to the law of symmetry, pro-

duce to each base only three truncations leading to a rhombohe-

droidal summit (fig. 160), for the six edges of each base being

identical, three cannot be replaced without replacing the three others;

whilst the hexagonal prism obtained from the figures 158 and 159

can generate a rhombohedron by the truncation of three edges of

each base. The hexagonal prism 160 could have its six edges on
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the same base truncated ; but three of these would have one inclina-

tion towards the base and three another.

GROUPING OF CRYSTALS.

Crystals are sometimes isolated, but more often they are grouped

in various manners sometimes regularly, sometimes at random.

Regular grouping. Groupings are regular when crystals unite

by their homologous (coinciding) faces. The following figures

represent some of these groupings.
Fm. 161. Fro. 162. FIG. 163.

Hemitropism. It has been shown by the law of symmetry that

crystals cannot present re-entrant angles. Nevertheless, it is not

rare to meet with crystals presenting such angles (gypsum, oxide of

tin, &c). These re-entrant angles, however, are owing to the regu-

lar grouping of two crystals. It occurs as though a single crystal

had been cut in two, and that one half had made a half or a sixth

of a revolution on the other.

Let abed (fig. 164) be a crystal of gypsum divided according

to the line g e, let the half g b d b make half a revolution round

the line * i, a hemitropic crystal, a c efg h, presenting are-entrant

angle, will be formed ; but this crystal would be in reality formed of

two crystals grouped in an inverse direction. Pigs. 165 and 166

represent this change of gypsum more fully.

FIG. 164. FIG. 165. FIG. 166.
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Figs. 167 and 168 show a transposition (sixth of a revolution) of

a regular octahedron.

FIG. 167. FIG. 168.

Determination of the relative dimension* of primitive mole-

cules. How can the relation existing between the height, breadth,

and depth of a molecule, or the relation existing between its three

axes, be determined?

This problem is the same as the following : Having a compound

binary body to determine the weight of the atoms it contains;

analysis shows that in water the weight of the oxygen is to the

weight of the hydrogen :: 88'9 : ll'l. If it be supposed that

water contains only one atom of oxygen and one atom of hydrogen,

it is evident that the weight of the oxygen will be to that of the

hydrogen \\ 88'9 : ll'l, or taking one of these bodies as unity

\\ 100 \ 12*5. But our supposition may be wrong; water may as

well contain one atom of oxygen and two of hydrogen. Then in

this case the weight of the atom of oxygen would be to that of two

atoms of hydrogen : I 100,0 : 12'5, then ^ would represent the

weight of the atom of hydrogen. Other suppositions could yet be

made, but they would all lead to nearly the same result. Knowing
that 12*5 represents the weight of 1, 2, 3, i, J, f, of an atom of

hydrogen, and whatever may .
be the numbers chosen, the relation

existing between the oxygen and the hydrogen in the different com-

pounds containing those two bodies could always be expressed.

The determination of the three axes of a molecule is made in the

same manner, and is subject to the same uncertainty. Suppose we

had a right prism with a square base, and wished to know the length

of its three axes. Knowing (according to the modifications) that it

is a prism with a square base, we already know that the prism has

two equal axes : it remains to measure the third. It may bo supposed

after what has already been stated, that it is not by measuring

the height and breadth of a crystal by means of the compasses that
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FIG. 166.

the relation of its axes can be ascertained, since the size of the faces

has no practical value. The faces or the edges, of the same kind, are

only theoretically equal, and it would doubtless be impossible to

meet with a cube perfectly cubical.

Let p be a fragment of a prism with a square

base, a b the principal axis, and c d one of the two

secondary axes. If this prism presented no mo-

dification it would be impossible to determine

the relation of its two axes. Let * o be a modi-

fying facet. It has been shown that this facet

was produced by the disappearance of a certain

number of ranges of molecules in height and

in breadth. Suppose the disappearance to be pro-

duced by a molecule in breadth by one in height,

we should have the following proportion :

the height of one molecule : its breadth : ; om
whence : : SIN o i m : C O S

if the disappearance were produced (and that is not known) by
one molecule in height by two in breadth, we should then have :

the height : twice the breadth : : om '. im :

whence : : S I N o i m I C O S o i m.

Other suppositions might be made, and we shuiJd arrive at (as in

the weight of the atoms) this conclusion :

the principal axis : the secondary axis

:: om I 1, 2, 2, 4, J,J, f, ... im.

If om : im: 1 100 : 32, we should have by the first supposition,

100 : 32.

im

i m :

the principal axis

in the second,

the principal axis

in the others,

the principal axis

the secondary axis

the secondary axis 100 : 16.

100 : 64, &c.the secondary axis

To choose between the weight of hydrogen as 12'5 or 6'25 we

must be guided by the appearance of the combinations. It is the

same with the weight of the atom of sulphur. If we suppose the

latter = 200 we have the following series :

Hyposulphurous acid

Sulphurous acid

Hyposulphuric acid

Sulphuric acid

SO
S0

If the number 600 be chosen for

will become SO3 ,
S06 ,

S2O15 ,
SO

9
.

. S03

sulphur, the preceding series
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The simplicity of the relations (in default of other indications)

inclines the chemist to choose the first series.

To determine between the numbers 32, 16,

64, for the length of the secondary axis, other

modifications, either of the same crystal or of

other crystals of the same substance, must, if

possible, be examined. Let P (fig. 167) be

another crystal of the same substance present-

ing a facet rs, we shall yet have, supposing the

decrement effected by one molecule in height

by one in breadth the principal axis I the

secondary axis '. '. ttt \ tr \\ SIN srt \ COS srt.

But there might be withdrawn one molecule in height to two or

three in breadth; and this is not known. In every case admit that

experiment shows that st \ th II 100 I 128.

And also admit that in other modifications there is the relation of

100 to 64.

There are then three modifications, having the following rela-

tions :

TOO

100

100

32

64

128

If in the first case the space had been formed by one molecule jn

breadth by one in height, the two axes would be : : 100 : 32 ;

in the second the spaces are necessarily made by one molecule in

height by two in breadth ; and in the third by one and four. We
have then the following series (P = principal axis, S = secondary

axis) :_ps_ps2_ps4

Admitting, then, as in the first case, the space had been formed by

three molecules in height by five in breadth, then there would be the

following series for the three modifications : P3S5 P3S10 P3S20 .

The first series, however, is chosen on account of its simplicity ;

and this gives the relative dimensions of the two axes as the numbers

100 and 32

But besides the series of combinations, chemists have other means

of determining in the choice of one number rather than another

for the weight of the atom of hydrogen (volume, specific heat,

isomorphism, &c).

Crystallographers have also often other means of determining
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between the choice of many possible relations ; in some cases the

cleavage, and in others simply the determination of the crystalline

system.

If the modifications show that the crystal belongs to the cubical

system, then the relative sign of the three axes is known. If the

crystal belong to the square prismatic, two axes are known, and the

kind alone remains to be determined.

If the crystal cleave in three perpendicular directions, no relative

conclusion can be drawn as to the size of its axes ; but if the cleavage

is in the four directions leading to an octahedron, and if we know,

besides, to what system the crystal belongs, it is evident that we

should have the relation of the three axes by measuring the angles of

this octahedron ; for, from the measure of the angles of an octahe-

dron, the three interior diagonals or the three axes can be readily

deduced.

It would be useless to enlarge further on this subject, for all those

acquainted with trigonometry will easily understand how the length

of the axes may be determined : by means of the modifications they

can see that the measure of a single angle of an octahedron suffices

to determine the axes ; but that it requires the measure of a modifi-

cation on one edge of the base, and a modification on the vertical

edge of a right rectangular prism, to determine the three axes ; or

that it suffices to measure the inclination of a facet produced on one

of the solid angles of the prism.

On the relation existing between the crystallineform of bodies,

and their chemical composition. The following hypothesis was set

out with, that all the molecules in one body are similar to each other,

but different to those of another body, and that the form of these

various molecules differs only from each other by the relative dimen-

sions of their edges, or by the value of their angles. It follows, then,

that if the molecules of a body, common salt for instance, are cubical,

they could only give rise to crystals of the cubical system, and never

to crystals derived from the rhomboidal system. It would be the

same with rhomboidal molecules, they could never give rise to any
other crystals than those of the rhomboidal system. The same simple
or compound body always then exists under the same form, or rather

forms, belonging to the same system.

Further, in the same system different bodies will form crystals

differing from each other, not by the number of faces, but by their

inclination, or by the relative directions of their axes. Thus car-

bonate of magnesia and carbonate of lime both crystallize in the
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rhomboidal system; but in the former the faces form angles of

105 *5', whilst in the second the angles are 107 -

25'. According
to the laws of symmetry both these rhoinbohedra could give derived

crystals with 20, 30, or 100 faces ; but the influence of the angles

of the two rhombohedra would be perceptible in all the secondary

crystals.

Crystals belonging to the cubical system are those alone which

cannot be distinguished from each other : such are alum, fluoride of

calcium, the diamond, and common salt : nevertheless, this distinc-

tion can be made with reference to the structure and predominating
form of these bodies. The predominating form of a body is that

which is most generally met with in crystals of the same substance :

thus alum nearly always crystallizes in a regular octahedron trun-

cated at its six angles. According to the truncations, alum might
be said to crystallize in the cubical form

; but as the faces of the

octahedron are much larger than those of the cube, the octahedron is

the predominating form of alum.

Fluoride of calcium and diamond cleave into octahedra. The

predominating form of fluoride of calcium is cubical, that of the dia-

mond octahedral; common salt cleaves into cubes
; alum does not

cleave.

There are, however, some exceptions to this law : they will be

pointed out.

ISOMORPHISM AND DIMORPHISM.

Carbonate of lime is met with under the form of a rhombohedron,

or of crystals derived from the rhombohedron : all these crystals give

by cleavage rhombohedra of 107 *25 ; yet carbonate of lime is

sometimes found under the form of a right rhombic prism, which

cannot be cleaved into rhombohedra. Now, the right rhombic

prism and the rhombohedron have no relation. Crystals of one could

not, by the law of symmetry, give rise to crystals of the other. One

body can therefore possess two different forms. This conclusion is

not exactly correct
;
for rhombohedral carbonate of lime and prismatic

carbonate of lime are rather two different bodies, which have the

same composition, but their properties are different. Thus not only

have they not the same form, but they have neither the same hardness

nor the same specific gravity; they do not behave in the same

manner under the influence of heat ; they do not act in the same

manner on light, &c.
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It is said that carbonate of lime is dimorphous ; many other

bodies are also dimorphous; the following may be mentioned,

sulphur crystallized by fusion, and crystallized from sulphuret

of carbon, the diamond and graphite, the two iron pyrites, the two

titanic acids, &c.

Bodies of different composition often have the same form : such

are the nitrates of lead and baryta, which crystallize in regular

octohedra ; the carbonates of lime, magnesia, iron, zinc, and

manganese, which crystallize in rhombohedra. The similitude

of form is due to the analogy of composition these bodies possess.

Such bodies are termed isomorphous ; yet, in order that two bodies

should be isomorphous, it is not necessary that they should have

exactly the same angles. It is at first necessary that they belong to

the same system, and then that there is but little difference between

their axes. Thus carbonate of lime and carbonate of magnesia, just

mentioned, are isomorphous, because they crystallize in rhombohe-

dra, with a difference of not more than one or two degrees.

OF THE FORM OF MOLECULKS.

Nothing is more simple, on seeing a crystal of a simple sub-

stance subdivide to infinity into cubical fragments, than to con-

clude the molecules themselves are cubical; but it is not so

when a compound body is thus treated. How can it be conceived,

for example, that a molecule of sulphur, which is a rhombic

octahedron, and a molecule of lead, which is cubical, can by com-

bining give rise to a sulphuret of lead, which crystallizes in cubes?

How can it be supposed that sulphur, a simple body, can sometimes

crystallize in the right rectangular prismatic system, and sometimes

in the oblique prismatic system ? This difficulty can be resolved by

supposing, with Wollaston and Ampere, that the atoms of simple

bodies are spheres or ellipsoids, and that many of these atoms

group in a symmetrical manner to form compound atoms indivisible

by cleavage. These groups behave in crystals like the molecules in

which the foregone demonstrations have been made ; and it is then

possible to conceive how atoms of sulphur, by grouping sometimes in

one manner, sometimes in another, can form molecules or compound

atoms, sometimes octahedral, sometimes oblique prismatic.
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A'CTION OF HEAT ON CRYSTALS.

It is known that bodies whose constitution is homogeneous dilate

equally in all directions by the action of heat. If we return to the

constitution of crystals, and if we bear in mind that the attraction

of the molecules varies according to the different axes, it must be

concluded that in the cubical system the dilatation ought to be uni-

formly parallel to the three axes ;
that in the square prismatic system

it ought to be parallel to the two equal horizontal axes, and unequal

according to the vertical axes; and the same for the other systems.

Hence it follows that the angles of a rhornbohedron vary with the tem-

perature, since the principal axis dilates more or less than the others.

ACTION OF LIGHT ON CRYSTALS.

When a luminous ray passes in an oblique direction from the air

through the greater part of non-crystallized substances, as water,

glass, &c., it is broken, and departing from the normal law, follows

that of Descartes. But it is not so when it passes through a

crystalline body ; and it might already be ascertained that according

as the crystal belonged to the cubic, prismatic, or rhombohedric

systems the light would undergo different modifications, not only

from one system to another not only on different bodies belonging

to the same system, but also according as it passed through the same

crystal in such and such a direction.

It has been noticed that all crystals, excepting those belonging to

the cubical system, are capable of causing the division of a luminous

ray into two bundles ; so that when a small object is seen through
such substances, in certain directions it will be constantly seen

double. This action is not due to the disposition of the faces of

the crystal, but to the intimate arrangement of the molecules com-

posing it ; for if the faces of the crystal be cut to other inclinations,

double objects will yet be seen through it. It has been observed

that light was symmetrically modified in relation to the axes of

crystals, as if the cause of these modifications existed in the axes

themselves. Crystals having a principal axis (the square and rhom-

boidal prism), behave differently to those which have three different

axes.

Measurement of angles. Ordinary goniometer. Various in-

struments termed Goniometers are employed in the measurement of
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the an^es of crystals. Two kinds are now in use, the common or

contact goniometer, and the reflecting goniometer. The first class only

of instrument will be described, as it will sufficiently answer every

purpose of the mining mineralogist. The most simple form of in-

strument (fig. 168) consists of

a graduated brass semicircle,on

which two metalliccross-blades

are fixed. One of these cross-

blades, a b, is fixed at the

zero of the division ;
the

other, d /', is moveable, and

denotes on the circle the angle

of the crystal. In order to

measure a dihedral angle, one

of its faces is applied to the fixed cross-blade, a b, in such a manner

that the edge of the angle is perpendicular to the plane of the

circle; the moveable cross-blade is then adjusted until its prolonga-

tion rests upon the outer face of the angle. It is evident that the

angle comprised between the two cross-blades, and which is directly

indicated on the circle, is the measure of the angle sought.

The two cross-blades, a d, d f, slide in the grooves i k, y It,

d n, so as to admit of the ends, c a, and c d, being made as short

as is required. This condition is indispensable, as it is often necessary

to measure very small crystals, which can only be introduced easily

between the two cross-blades when their free ends can be very much

shortened.

This form, however, of the common goniometer has many incon-

veniences. The observations are rendered difficult from the fact that

the crystal under examination has to be held with one hand, and the in-

strument with the other. Moreover, in holding it before the eye, to

ascertain if the cross-blade is in perfect contact with the crystal,

continual vacillations and disturbances are produced, which render

anything like a correct observation very difficult. All these incon-

veniences are overcome by the use of a fixed instrument contrived

by M. Adelmann. The crystal under examination is also fixed on

a support, so that both hands are at liberty. This instrument is

represented by fig. 169. It consists of a semicircle fixed on a rod,

a b, supported by columns p p. The rod, a b, can be moved

horizontally, from right to left, in the grooves c c, in which are

placed small friction rollers, so as to render the movement as easy as

possible. The fixed semicircle carries another, / g, moveable on
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the centre o, and divided into degrees ; h i k, is a vernier which

also moves on the centre, but behind the moveable semicircle between

it and the fixed, to which it can be at any time fastened, and in any

FIG. 169.

required position, by the thumb-screw, k. This vernier gives the

minutes ;
/ m is a blade whose movement carries round the circle,

fg ', q is a small stenx, the function of which is to support the

crystal r, which is firmly fastened with wax. It is so arranged

that it can be lengthened or shortened, be inclined either from or

towards the operator, and capable of turning on it:-elf'. It is

supported on a small moveable platform, //, running between

the rods s s, which form a groove. The piece, t v, seen on the

side of the apparatus, is a sight, which, applied against one of the

rods, s, when the platform is drawn sufficiently forward, enables the

operator to judge if the edge formed by the two faces of the crystal

is exactly horizontal, and if it be perpendicular to the plane of

the circle.

To measure a crystal it must be firmly fixed on r, and the move-

able platform brought forward : the sight must now be placed against

the rod .?,
and the upper part raised or lowered as needed : looking

from above, it can be seen whether the edge of the crystal is parallel

to the edge r, in which case it is perpendicular to the plane of the
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circle. If the parallelism be not perfect, the rod q is turned on its

axis, until the proper position is attained. The crystal must then be

viewed through the opening x, and the same angle adjusted hori-

zontally, which can be effected by inclining the rod either one way
or the other as required.

When the crystal is properly adjusted, the moveable platform is

pushed under the circle. The blade / m is now to be moved, and at the

same time the rod a b is to be pushed either to the right or left as

may be found necessary, so that the edge of the blade may be in perfect

juxtaposition with the face of the crystal : when this has been accom-

plished, the vernier is carried to the end of the moveable semicircle,

where a small cleat stops it exactly at zero ;
it is then fixed by the

screw k.

This done, the platform is drawn from under the circle, and the

blade passed in the contrary direction to that which it before occu-

pied ; the platform replaced, and the blade brought into juxtaposition

with the other face of the crystal : this accurately done, the stem

and crystal are removed.

By this second application of the blade to the crystal the semicircle

has turned, and the point where it stops indicates the measure of the

angle, which is read on it in degrees : the vernier furnishes the

minutes.

Beudent says this apparatus has given him very satisfactory results,

the error being no more than three or four minutes.

If, however, the reader should wish to employ a more accurate and

perfect form of goniometer, he had better consult the twenty-third

part of the Proceedings of the Chemical Society, in which is

described a very beautiful instrument invented by the late Dr. Leeson,

and termed by him " The Double Eefracting Goniometer."

CHAPTER III.

MECHANICAL PREPARATION OF MINERALS FOR ASSAY.

BEFORE the actual assay of an ore commences, it has to go through
a series of mechanical operations, the object of which is its reduction

into a pulverulent form, more or less fine according to the nature of the

chemical operation or assay proper it is to be further subjected to.
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This division is effected by means of the anvil, hammer, mortal' and

pestle, sieve, and decantation, or some of the means generally in use

for the preparation of any fine powder.

There is also another operation, which is as strictly mechanical as

are the above, viz. : washing, dressing, or vanning a sample of ore,

the end and aim of which is to separate, by means of water and

difference of specific gravity, in a suitable vessel, the earthy or use-

less, and, in some cases, objectionable portion, from the heavier

metallic and valuable portion. This operation is always employed
on the larger scale in dressing ores for the smelter. Weighing

samples for assay also comes in this chapter.

FIG. 170. Anvil stand,

anvil, vice, and

hammera. The

anvil stand is con-

structed of stout

wood about two

inches in thick-

ness, and forms a

cube of about two

feet square. It

contains three or

four drawers,

which serve to

hold the ham-

mers, cold chisels,

shears, files, &c.,

which are required in an active assay office. In the centre is firmly

fixed the anvil, and in one corner is also firmly secured a vice.

In general the anvil and hammer are employed for the purpose of

breaking a small fragment from a mass of ore for examination, or

ascertaining whether the button or prill of metal produced in an

assay be malleable or otherwise. The anvil is also exceedingly

useful as a support for a crucible, while breaking it to extract the

metallic or other valuable contents.

The anvil is most useful in size when weighing about 28lbs.
;

but one of I4lbs. will suffice. By reference to the figure, it will be

seen the anvil recommended is of the shape usually employed by
the blacksmith. Another anvil is also employed, but will be noticed

under the head Blowpipe Manipulation.
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The hammer, or rather hammers (figs. 171 and 172), for two are re-

quisite, ought to have a flat square, and a pick or wedge end. The

horizontal wedge end of fig. 171 is useful for breaking open crucibles,

and detaching small fragments from a p,G 171. FIG> 172

specimen of ore ;
the flat end for as-

certaining the malleability of buttons

of metal. This hammer should weigh

about lib. The larger hammer, fig-

172, weighs about 41bs., and is em-

ployed for breaking coke sufficiently

fine for the use of the furnace, and

detaching fragments from refractory

minerals, in both of which cases

either end may be employed as may
seem most serviceable to the ope-

rator. The flat end of this hammer

is also used for driving a cold chisel

in separating masses of gold, silver,

copper, lead, &c., for assay. This

hammer has a vertical pick or wedge end.

Very hard and stony minerals which have to be broken on the

anvil (and all such ought to be so treated) scatter many fragments,

to the certain loss of a portion of the substance, and the probable

injury of the operator : this, however, can be prevented by wrapping
the mineral in a piece of stout brown paper, or, if accessary, in

several folds. The fracture can then be safely attempted.

This latter precaution must be specially taken in fracturing gold

quartz, or hard rock containing metallic or native silver, as the loss

of a very minute quantity of metal would involve a considerable

error in the result afforded by assay.

All minerals, however, unless very friable, must be reduced to a

moderate size say that of a walnut by means of the anvil and

hammer, before pulverisation; otherwise, if the reduction be

attempted in a mortar, it is nearly certain to be fractured ; and not

only should the anvil be used for this reason, but the operator will

find his labour much abridged.

The anvil can also be made very serviceable in repointing worn or

burnt-out tongs, stirring irons, &c. It need scarcely be added that

the anvil must be placed as far as possible away from bottles and

other frangible articles ; otherwise accidents are liable to occur by

the forcible projection of fragments of crucibles, &c.
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As just mentioned, the cold chisel (fig. 173) is employed for cut-

ting off metallic masses for assay. It should be five or six inches

long, and about half an inch wide, which is the best size for general
use. It is, however, handy for some purposes, as cutting copper

FIG. 173. FIG. 174.

and other very tough metals, to have a chisel only a quarter of an

inch wide, as copper is so much more difficult to cut, and the small

chisel meets with the least resistance.

Small shears (fig. 174) are also exceedingly useful in cutting off

pieces of sheet metal, as lead, for cupellation, scorification, &c.

Pulverisation : the pestle and mortar. Mortars are made of

various materials, as cast iron, bronze, porcelain, agate, &c. ; but

the assayer merely requires one of cast iron and one of porcelain :

if he intend to employ the blowpipe in any of his operations,

one of agate will be needed. This will be described in the list of

Blowpipe Apparatus.

The iron mortar (fig 175) ought to be of the capacity of from

three to four pints ; the porcelain (Wedgewood ware) may be about

FIG. 175. FIG. 176.

two pints. The ease with which a mortar may be used depends much

upon its form ;
and opinion is greatly divided on this subject.

Faraday* says of the pestle and mortar:

"The pestle should be strong, and the size of its superior part

such as may be sufficient to allow of its being grasped firmly in the

hand, and below to permit a considerable grinding surface to come

in contact with the mortar. Its diameter in the lower part may be

about one-third or one-fourth of the upper diameter of the mortar.

* Chemical Manipulation, page 149.
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The curve at the bottom should be of shorter radius than the curve

of the mortar, that it may not touch the mortar in more than one

part, whilst at the same time the interval around may gradually

increase, though not too rapidly, towards the upper part of the

pestle/'

The bottoms of all mortars ought to be of considerable thickness,

in order to withstand the smart blows they will occasionally have to

receive.

Iron mortars can be best cleaned by friction with a little fine

sharp sand, if the ordinary process of washing be not sufficient to

remove the adhering substance. Great care must be taken to per-

fectly dry mortars, especially those of iron, otherwise they will

become rusted, and the rust so formed will contaminate the sub-

stances pulverised in them.

Berzelius recommended (and I have found it extremely serviceable)

a mass of pumice-stone for cleansing porcelain mortars. It is used

with water as a pestle, and in course of time will be worn to the

shape of the mortar
;
and then its action will be more speedy.

The iron mortar is principally of use in the reduction of the

masses of mineral (broken on the anvil as before described) to a

state of coarse powder, in order to render the substance more readily

capable of pulverisation, strictly so called. In the use of the iron

mortar all friction with the pestle ought to be avoided, and the body
within it must be struck repeatedly and lightly, in a vertical direc-

tion, taking care to strike the larger pieces, so that all may be

equally reduced. This process can be carried on until the whole is

about the size of fine sand ; it can then be transferred to the por-

celain mortar, where all blows must be carefully abstained from. The

process is now thus carried on : the pestle is to be pressed upon
with a moderate force, and a circular motion given to it, taking care

every now and then to lessen and enlarge the circles, so as to pass

over the whole grinding surface of the mortar, and ensure the pul-

verisation of the mass of mineral submitted to operation. In

general, the finer the state of division to which a mineral is reduced

the more accurate and expeditious will be its assay ; and in prepar-

ing a mineral for assay by the humid method, no labour ought to be

spared on this point. Pulverisation is rendered much easier by

operating on a small quantity at once, and removing it very often

from the sides and bottom of the mortar by means of a spatula.

The quantity operated on at one time must be regulated by the
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hardness or friability of the substance whose pulverisation is to be

effected. The harder it is the less must be taken, and vice versa.

Tn the use of the iron mortar, fragments are occasionally projected.

This may be prevented by covering the upper part of the mortar

with a cloth. This applies also to the porcelain mortar, for the

dust of some minerals has a disagreeable taste and smell; the

operator may in some measure protect himself by means of the

cloth. Indeed, in some cases, the ambient powder is highly delete-

rious, as in the pulverisation of arsenical nickel, cobalt, and other

ores, and the cloth is not a sufficient protection unless slightly damped
with water, when, if tightly tied round the mortar and firmly held

round the pestle, nothing can escape.

Some minerals can be pulverised with greater ease if they are

ignited and suddenly quenched in cold water. In this list is flint,

and many other siliceous matters, as gold quartz. In the pulverisa-

tion of charcoal for assays, it will be found advantageous to ignite

it, as hot charcoal is more readily pulverised than cold.

Sifting : the Sieve. The operation of sifting is had recourse

to when a very fine powder is required, or when a powder whose

parts must be equal is needed. Sieves of various materials, and

different degrees of fineness, are necessary. The larger sieve, for

preparing coke for the blast furnace, is made of stout .iron wire,

and must have its meshes from 1 inch to 1J inch square. The

fine coke which is sifted from that which is the proper size for the

blast furnace may be mixed with that of ordinary size, and employed

economically in the muffle furnace. For the preparation of minerals,

a set of three sieves may be provided, each one finer than the

other. The coarsest may contain 40 holes to the linear inch, the

finer or medium sieve 60, and the finest from 80 to 100. The

coarsest sieve is used in preparing galena for assay ;
the medium,

copper, tin, iron, and other like ores ; and the finest, for gold and

silver ores, or for preparing any substance for the wet assay ; as in

the latter case the finer the state of division the substance attains

the more rapid will be its solution or decomposition by the liquid

agents employed.

The sieve (fig. 177) is made of wood, over which is strained in

the ordinary manner wire-gauze (brass), of the necessary degree of

fineness. When in use, the part B, fig. 178, is fitted into the lower

part, A, same figure. This contrivance prevents all loss of the fine

powder. If the matter to be sifted be deleterious or offensive to
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the operator, a sieve termed the drum- or box-sieve may be employed

(see fig. 178, where C represents a cover fitting over the sieve). If

small, this may be used in the ordinary way ; but if large, its method of

use is rather peculiar, -pia. 177. Fia. 178.

and requires some prac-

tice to fully develope its

powers. One side oi

the under edge must be

held by one or both

hands, according to its

size, whilst the other

rests on a table or n

bench. A semicircular

oscillating motion must

now be communicated

to it by moving the hands up and down at the same time they are

being alternately brought into approximation with the sides of the

operator.

Tn cases of necessity a sieve may be readily extemporised.

Place the powder to be sifted in a piece of fine lawn, or muslin, as

may be required ; tie it up loosely, and shake or tap the powder,

with its muslin or other envelope, on a sheet of paper, and the sift-

ing will be rapidly and easily accomplished.

The sieve is also extremely serviceable in the separation of some

ores from their gangues or vein-stones, especially if the latter be

stony and hard. This point must be particularly noted, as it is the

cause of much variance between the results of different assayers :

for instance, part of the same sample of ore might be sent to two

nssayers, and the produce made by one might be 8J per cent., and

that by the other 9 or 9J, or, in some cases, even more. This

discrepancy most generally arises as above mentioned. In the one

case, the laboratory man has rejected part of the hard gangue, and

so rendered the residue richer ;
and in the other, pulverised the

whole, making the produce less, but giving the actual amount of

metal in the substance submitted to assay.

A knowledge of this fact is also very useful; but in another

point of view, suppose it were wished to separate in a speedy manner

any friable mineral, such as gelena or copper pyrites, as perfectly as

possible, by mechanical means, it might be accomplished by the use of

the sieve. The method of operating is as follows: Place a small

quantity of the mineral in an iron mortar, and strike repeatedly slight
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vertical blows. When it is tolerably reduced, sift it, and that which

passes through is nearly pure mineral, with only a small quantity of

matrix; repeat the pounding and sifting operations, until, after a

few alternations, that which remains in the sieve is nearly pure

gangue. This operation is also effected by means of water, as will

be described hereafter.

Native metals, as gold, silver, and copper, are also partially separated

after the manner above described. The fine particles of metal, dur-

ing the process of pounding and trituration, become flattened, and

refuse to pass through the sieve, which the more brittle portion

passes through, and is separated.

Decantation. This process can only be employed for those

bodies which are not acted on by water; and is thus effected. The

substance operated on is reduced to the finest possible state of divi-

sion by any of the foregone processes ; it is then mixed with a

quantity of water in a glass or other vessel. After a few moments'

repose, the supernatant liquid, retaining in suspension the finer

particles of the pulverised substance, is poured off, and the grosser

parts, which have fallen to the bottom of the vessel, are repulverised

and again treated with water. By alternating these processes the

finest possible powder may be obtained in a ready manner.

It is seldom, however, that a substance is required in such a

minute state of division as produced by this process for assaying by

the dry way. In the humid or wet method it is occasionally very

useful. Decantation is riot only employed for the above purpose,

but as a ready means of separating a liquid from a precipitate in an

assay by the humid process, or in washing a precipitate with a large

quantity of water, in order to free it from any adhering impurity

which is soluble in that fluid. In certain cases, where the precipi-

tate to be washed is light, the least disturbance of the vessel con-

taining it occasions its distribution in the liquid, and the consequent

loss of a portion in decantation. This can be avoided by the

employment of the syphon. The operation is then thus conducted :

The syphon is filled with water, and the shorter end placed in the

liquid whose transversion is to be effected ; the forefinger of the

right hand, being during this time applied to the longer end of the

instrument, is now removed, and the water will flow out until it be

level with the immersed end of the syphon. Fresh water can then

be added to the precipitate, and the operation of decantation by the

syphon carried on as long as requisite.

Washing, drewing, or vanning. This operation is exceedingly
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useful for discovering the approximate quantity of pure ore, say

galena, copper pyrites, oxide of tin, or native gold or silver, in any

sample of earthy matter or gangue in which it may be disseminated.

The theory of the operation about to be described is easily under-

stood. Bodies left to the action of gravity in a liquid in a state of

rest, experience a resistance to their descent which is proportionate

to their surface, whatever may be their volume and density. Hence,

Istly, that of equal volumes the heaviest fall most rapidly; 2nd,

that of equal densities those having the largest sizes move with the

greatest speed ; for in particles of unequal sizes and like forms the

weight is proportional to the cube of the dimensions, and the sur-

faces are only proportional to the square of these dimensions, from

which it follows that in small particles the surface is greater in rela-

tion to the weight than in the large particles ; 3rd, that of equal

densities and volumes, particles offering the largest surface, those

which are scaly or laminated, for example, undergo more resistance

in their motion than those which, approaching the spherical form,

have less surface. The adhesion of the liquid to the particles of

bodies held in suspension is also an obstacle to their subsidence.

This force is, like the dynamic resistance, proportional to the surfaces

and independent of the masses ; further, in a fluid in motion the

impulse received by different bodies is proportional to their surface

and independent of their masses or volumes. Whence it follows that

in a fluid in motion, that of bodies having equal volumes, the least

dense acquire the greatest rapidity of movement, and which are

deposited at the greatest distance from the point of departure, whilst

with equal densities the smallest grains are carried furthest ; and,

lastly, with equal densities and volumes the particles exposing most

surface traverse the greatest space.

It is, therefore, evident that the most advantageous condition for

separating, by washing, two substances of unequal specific gravity

or density is that the heaviest shall be in larger grains than the

lightest : this unfortunately, however, is a condition that can be very

seldom fulfilled, as the heaviest substances are those metallic minerals

whose frangibility is nearly always greater than the earthy matters

accompanying them as gangues. This being the case, it is very

important so to arrange that the fragments of the various mixed

substances shall be nearly of the same size. This may be effected

by very frequently sifting the mineral during the process of pulverisa-

tion, reducing it also more by blows than by grinding, so as to get

p
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as little fine powder as possible, as that is nearly certain to be

washed away during the process.

The operation of washing or vanning may be performed by one of

two methods. In the first, a small stream of running water is

employed ; in the second, water is added to the substance to be

washed, and poured off as necessary.

In the first process, a vessel somewhat resembling in shape a

banker's gold-scoop (but longer in proportion) is employed ;
the

mineral to be washed is placed in the upper part, and a small quantity

of water added, with which the mineral is thoroughly and carefully

moistened, and mixed with the fingers. The scoop must then be so

inclined that a fine stream of water from any convenient source (say

a tap) may fall just above the upper part of the mixture of mineral

and water ; then, firmly holding the larger and consequently upper

end of the scoop with the left hand, and sustaining the lower part

with the right, it is shaken frequently in the direction of its longi-

tudinal axis. At each shake, all the particles in the scoop are so

agitated that they are suspended in the water, and the current of

liquid running from the tap into the scoop moves them all in its

own direction ; but they are deposited at different distances from the

point at which the water enters, the heaviest being carried through

but a very small space. It is now soon seen that the mineral

assumes a heterogeneous surface ;
at the upper part, the heavy

portions are seen nearly pure ; the light substances, on the other

hand, are nearly without mixture at the lower end, and in the

intermediate part the heaviest portion of the mixture is nearest

the upper end. If the washed matter were now to be divided

into horizontal layers, the heaviest matter would be found at

the bottom, and the lightest on the surface. Things being

in this state, the scoop must be made to oscillate on its axis, so that

the latter shall remain immoveable, and in a slightly inclined posi-

tion. In this manner, the layer of water running over the surface

of the mineral agitates that part only, and carries off all light

substances there deposited in the previous operation. When neces-

sary, these matters are removed by the finger, and made to run into

a vessel placed below the scoop, in which all the water and matters

carried off are received. This operation, however, must not be

hurriedly performed, so as to mix the parts already separated ; each

layer must be removed separately, commencing with the upper one.

This being done, the scoop must be alternately kept in motion by

shakings, as at first, and then on its axis, and the washing off of
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the finer particles renewed, and so on until the separation is effected

as far as may be judged necessary.

At the commencement of the operation, the water carries out of

the scoop the lightest particles, as organic matter, clay, &c.
;

at a

little later period these substances carry with them a small but defi-

nite quantity of the heavier portion, the proportion of which

increases as the operation proceeds, until at last the greatest possible

care is required. It is always better to re-wash the portion which

passes off from the scoop : hence the necessity of allowing all the

wash water passing from it to collect in a vessel placed for that

. purpose.

In the second case of washing, a tin-plate or zinc pan is employed.

It should be circular, about 12 inches in diameter and 2 inches

deep ;
the sides should descend in a conical manner, so 4hat the

bottom is not more than 4 inches in diameter, and the angle between

it and the sides as sharp as possible, The bottom should also be

perfectly flat.

The substance to be examined is placed in the washing-dish, the

latter filled with water, and the mineral well mixed with it, until

perfectly moistened, as before. After a moment or so the muddy
water is poured off, and the operation repeated until the water

passes off clear. When this happens, only so much water must be

placed in the pan as will leave a slight layer on the mineral. Now,

by holding the pan in one hand and shaking it with the other, the

greater part of the heavy mineral, gold, or otherwise, will fall below

the sand. If now the pan be inclined towards the hand which is

shaking it, the lighter portions, even if tolerably large, will flow

off with the water, leaving the heavier matters in the angle, from

which, with ordinary care and a little practice, it is difficult to

disturb them. If there be a large quantity of earthy matter, it

may be (after sufficient shaking) removed by the finger, as in the

first described process. By careful repetitions of these processes,

the whole, or nearly the whole, of the sandy and earthy matters may
be removed, and the gold or other mineral left nearly pure. This is

the plan employed in prospecting for gold, diamonds, and other

gems, and, in some cases, for their commercial extraction.

In Cornwall, and other mining counties, this operation is very

cleverly and carefully performed on the miner's common shovel, and

the richness of any particular sample of either tin, lead, or copper
is very nearly accurately determined.

The Balance : Weighing. In a properly appointed assay-



68 BALANCE : WEIGHING.

office, there should be at least three balances ; the first to weigh

about three or four pounds, and turn with a quarter of a grain.

179. This may be of the

form of the bankers'

or bullion balance

(fig. 179), and is em-

ployed in weighing

samples of gold

quartz or silver ore

containing metallic

grains capable of be-

ing separated by the

sieve (see page 64) ;

the second
(fig. 180),

or rough assay ba-

lance, is similar to

the
apothecary's

scales
; will weigh

1000 grs., and turn

with -yL-th of a grain.

This serves for weigh-

ing samples of ore

and fluxes for assay,

and for determining
the weight of but-

tons or prills of lead,

tin, iron, copper, &c.

obtained in an assay.

The third and most

delicate, or true assay
balance

(fig. 181),

carries only about

100 grs., and must

turn
distinctly and

accurately with the

-oVoth of a grain.

This is employed in

the assay of gold and

silver bullion, and in

the assay of minerals

containing gold and silver ; also for general analytical purposes. In

Fio. 180.
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case, however, it be intended to conduct analyses of coal or other

combustible matters, with a view to ascertain their heating value,

FJG. 181.

&c., this balance must be so constructed as to carry from 800

to 1000 grs , and yet turn with the gV-pth of a grain ; as the appa-

ratus employed, and which is rather heavy, must necessarily be

weighed, as will be described in the chapter devoted to the assay and

analysis of fuel.

The two first balances may be used with ordinary care by any one;

but the third balance, in its use and adjustment so as to maintain

and determine its extreme accuracy, requires some particular in-

structions, which necessarily involve the principle of the balance, and

which have been so admirably given by Mr. "Faraday, in his

" Chemical Manipulation," that the author can do no better than

transcribe them.

"The theory of the balance is so simple that the tests of its

accuracy will be easily understood and as easily practised. It may
be considered as an uniform inflexible lever, supported horizontally

at the centre of gravity, and supporting weights at equal distances

from the centre by points in the same horizontal line with the centre

of gravity. If the weights be equal, the one will counterpoise the

other; if not, the heavier will preponderate. In the balance, as

usually constructed, there are certain departures from the theory as
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above expressed, some from the impossibility of execution, and

others in consequence of their practical utility ; and a good balance

may be said to consist essentially of a beam made as light as is

consistent with that inflexibility which it ought to possess, divided

into two arms of equal weight and length by a line of support or

axis, arid also terminated at the end of each arm by a line of

support, or axis, intended to sustain the pans. These three lines of

support should be exactly parallel to each other in the same horizontal

plane, and correctly perpendicular to the length of the beam ; and

the plane in which they lie should be raised more or less above the

centre of gravity of the beam, so that the latter should be exactly

under the middle line of suspension. It will be unnecessary in this

place to speak of the coarse faults which occur in the ordinary

scales these will easily be understood ; and from what has to be

stated of the examination of the most delicate instrument, the

impossibility of avoiding them without incurring an expense incon-

sistent with their ordinary use will be as readily comprehended/'
It will be easily understood that a beam constructed with knife

edges resembles the one above mentioned ; and being supported on

horizontal planes by the central line of suspension, as is generally

the case, will take a horizontal position, in consequence of the

situation of the centre of gravity. The addition of the pans causes

no change in this ultimate position of the beam, because they are of

equal weights.

The delicacy of a balance depends very materially upon the rela-

tive situations of the centre of gravity and the lines of support ; i. e.

the middle and extreme lines of suspension. If the centre of

gravity be considerably depressed below the fulcrum, then, upon

trying the oscillations of the balance by giving it a little motion,

they will be found to be quick, and the beam will soon take its ulti-

mate state of rest ; and if weights be added to one side, so as to

make it vibrate, or turn, as the expression is, or else to bring it to a

certain permanent state of inclination, the quantity required will be

found to be comparatively considerable. As the centre of gravity is

raised the oscillations are slower, but producible by a much smaller

impulse ; the beam is a longer time before it attains a state of rest,

and it turns with a smaller quantity. When its situation coincides

with the fulcrum or centre of oscillation, that also being in the plane

joining the two extreme lines of suspension, then the smallest possi-

ble wr

eight will turn the beam (supposing the knife edge and sus-

pending plane perfect) : the oscillations no longer exist, but one side
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or the other preponderates with the slightest force ; and the valuable

indication which is furnished by the extent and velocity of the

vibrations is lost.

The case where the centre of gravity is above the fulcrum rarely if

ever occurs* Such a balance, when equally weighted, would set on

the one side or the other ; that side which was in the slightest

degree lowest tending to descend still lower, until obstructed by

interposing obstacles : unless, indeed, the fulcrum was placed consi-

derably above the line joining the extreme points of suspension ; in

which case the weights in the pans might counteract the effect

dependent upon the elevation of the centre of gravity.

In balances intended to carry large quantities (as in the balance

for weighing gold quartz, &c.), it is necessary to place the centre

of gravity lower than in those for minute quantities, that they may
vibrate regularly and readily ;

and hence one cause why they are

inferior in delicacy, for, as a consequence of the arrangement, they

will not turn except with a larger weight.

The vibrations
'

of a balance vary with the quantity of matter

with which it is loaded : the more the weight in the pans, the

slower their occurrence. These should be observed, and the appear-

ances retained in the mind, in consequence of the useful indications

they afford in operations of weighing. A certain extent and velocity

of vibration would indicate to the person used to the instrument

nearly the weight required to produce equilibrium ; but the same

extent and velocity with a weight much larger or smaller would not

be occasioned by an equal deficiency or redundancy of weight, as in

the former case.

The weight required also to effect a certain inclination of the

beam, or to turn it, should be known, both when it is slightly and

when it is heavily loaded. Thus, if the instrument turns with

-poVoth of a grain, with 1000 grs. in each pan, or with->00 ^ )000 th

of the weight it carries, it may be considered perfect.

Balances are sometimes liable to set, as it is called, when over-

loaded. The effect consists in a permanent depression of that side

which is lowest : thus, if a balance be equally weighted in each pan,

but overloaded, it will, if placed exactly horizontal, remain so, but

the slightest impulse or depression on one side destroys the equili-

brium ; the lower side continues to descend with an accelerated force,

and ultimately remains down, being to all appearance heavier than

the other. Generally speaking, the more delicate a balance the sooner
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this effect takes place ; and hence one limit to the weight it can

properly carry.

The setting is considered as dependent upon the position of the

fulcrum below the line which joins the extreme points of suspen-

sion of the beam ; the effect which would thus be produced being

marked for a time by the centre of gravity in the beam falling below

the fulcrum.

When the beam, freed from the pans but supported on its stand,

has been found to oscillate with regularity, and gradually to attain a

horizontal position of rest, it should be reversed, that is, taken up
and turned half way round, so as to make that arm which before

pointed to the right now point to the left. The beam should then

again be made to oscillate ; and if it perform regularly as before,

finally resting in a horizontal position, it has stood a severe test, and

promises well.

The faults which are likely to be disclosed in this way depend

upon imperfections in the work of the middle knife edge, and the

planes upon which it rests.

The edge is made either of agate or steel, and should be formed

out of one piece of matter, and finished at once, every part of the

edge being ground on the same flat surface at the same time. In

this way the existence of the two extreme or bearing parts of the

edge in one line is insured ; but when the two parts which bear

upon the planes are formed separately on the different ends of a

piece of agate or steel, or, what is worse, when they are formed on

separate pieces, and then fixed, one on each side the beam, it is

scarcely possible they should be in the same line ; and if not, the

beam cannot be correct. These knife edges usually rest in planes,

or else in curves. The planes should be perfectly flat and horizontal,

and exactly at the same height; the curves should be of equal

height, and their axes in the same line. If they are so, and the

knife edge is perfect, then the suspension will be accurately on the

line of the edge, and reversing the beam will produce no change.

When the pans are hung upon the beam, the balance should of

course remain horizontal. The lines of suspension for the pans are

not so difficult to obtain correctly as that before spoken of but

they should be tried by changing the pans, then by reversing the

beam, and afterwards by changing the pans again. The irregularities

which may in this way be discovered are best corrected by a work-

man ;
but as in all the best balances now made adjusting screws for
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all these purposes are provided, and as these delicate balances are

now, in consequence of the discovery of gold, gems, &c. in Australia,

California, and elsewhere, so often in use where no workman skilled

in their management and adjustment resides, it has been thought

necessary to introduce here such matter as, after careful perusal,

will enable everyone to adjust and examine his balance properly ; so

that in case it should have become disordered by rough usage or

otherwise during its transit, it may be readily put in working order.

The arms should in length and weight be equal to each other.

The length of each is accurately the distance from the middle to the

distant knife edge, all the edges being considered parallel to each

other, and in the same plane. The two arms should accord perfectly

in this respect ; but the weight is by no means necessarily subject to

equality, though it is much better it should be so. One arm with

its pan may be considerably heavier than the other; but from

the disposition of the weight in the lighter arm towards the

extremity, or in the heavier towards the middle of the beam,

the equilibrium may be perfect, and therefore no inaccuracy be

caused thereby in the use of the balance. Instruments are usually

sent home in equilibrium, and require no further examination as to

this particular point than to ascertain that they really are in adjust-

ment, and that after vibrating freely they take a horizontal position.

Equality in the length of the arms is much more important, and

may be ascertained in two or three ways. Suppose the balance with

its pans to vibrate freely, and rest in a horizontal position, and that

after changing the pans from one end to the other the balance again

takes its horizontal state of rest ; in such a case, an almost certain

proof is obtained of equality in length of the arms. They may,

however, be equal, and yet this change of the pans from end to end

may occasion a disturbance of equilibrium, because of the unequal
distribution of weight on the beam and pans; but to ensure an

accurate test, restore the pans, and consequently the equilibrium, to

the first state, put equal, or at least counterpoising, weights into the

pans, loading the balance moderately, and then change the weights
from one pan to the other, and again observe whether the equilibrium

is maintained : if so, the length of the arms is equal.

Tests of this kind are quite sufficient for the purpose of the

assayer ; who, having ascertained that his balance, whether slightly

or fuDy laden, vibrates freely, turns delicately, has not its indications

altered by reversing the beam or changing counterpoising weights,

may be perfectly satisfied with it, and leave (excepting under the
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circumstances above mentioned) the more difficult points and correc-

tions to the instrument-maker.

Weights. As balances of different kinds are required by the

assayer, so will various kinds of weights be necessary . For the

larger balance, Troy weights from 41bs. to \ grain will be requisite ;

for the second size, weights from 1000 grains to iV^h Par^ f a

grain; and for the assay balance, weights from 100 grains to

i o uo th part of a grain ; or, if coal analyses are required, weights

from 1000 grains to
t p'opth of a grain.

Peculiar weights are also necessary for the assay of gold and silver

bullion in England (at least with the exception of assays for the

Bank of England : see Gold Assay), gold being reported in carats,

grains, and eighths, and silver in ozs. and dwts. The most con-

venient quantity of either of the precious metals for assay is from

6 to 12 grains the latter quantity is the best. The quantity taken,

however, is of no very great consequence; but whatever its real

weight it is denominated in England the assay pound. This assay

pound is then subdivided into aliquot parts, but differing according

to the metal. The silver assay pound is subdivided, as the real Troy

pound, into 12 ounces, each ounce into 20 pennyweights, and these

again into halves (the lowest report for silver) ; so that there are

480 different reports for silver, and therefore each nominal half-

pennyweight weighs <Vth part of a Troy grain, when the pound is

12 grains.

Assay Weights for Silver.

SILVEE.

Oz. Dwts. Grs.

12

11

600
300
200
100

10

050
030
020
010

12

ASSAY.

Grains.

= 12

,
11

6

3

2

1

0-500

0-250

0-150

0-100

0-050

0-025
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The gold assay pound is subdivided into 24 carats, each carat

into 4 assay grains, and each grain into eighths ; so that there are

768 reports for gold, and the assay pound, weighing 12 Troy grains,

the lowest report, or ^-th assay grain, equals -g^-th Troy grain, thus :

Assay Weights for Gold.

GOLD. ASSAY.

Carats.
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marks 1,2, 3, 4, -01, '02, -03, '04 of a grain will be indicated. With

a weight weighing -p^th of a grain, thousandths of grains may be

indicated : thus this last rider placed on the marks 1, 2, 3, 4,

would equal '001, '002, '003, '004 grain, &c.

Use of the assay balance. The operation of weighing is very

simple ; aud it is only in the hands of the chemist and assayer that

it becomes one of extreme difficulty and frequency that the facilities

for its performance require to be mentioned. It should in the first

place be ascertained before every operation that the balance is in

order, as far as relates to its perfect equilibrium and to the freedom

of vibration, and also that no currents of air are passing through

the case, so as to affect its state of motion or rest, a situation being

chosen where such influences may be avoided. If from any acci-

dental cause it be not in equilibria, it should be balanced by a

slip of paper, or by a piece of tin- or lead-foil. In most cases,

however, there is a small wire on the upper part of the beam, which

by being turned either to the right- or left-hand side of the beam,

as required, serves to establish perfect equilibrium.

A delicate balance is always furnished with means of supporting

the pans independent of the beam ; and the beam itself is also sup-

ported when required by other bearings than its knife edges, and in

such a manner as to admit of the rapid removal of these extra

supports, that the instrument may be left free for vibration. This

is done that the delicate edges of suspension may not be injured by

being constantly subjected to the weight of the beam and the pans,

and that they may suffer no sudden injury from undue violence or

force impressed upon any part of the balance. When, therefore, a

large weight of any kind is put into or removed from the pans, it

should never be done without previously supporting them by these

contrivances ;
for the weight, if dropped on, descends with a force

highly injurious to the supporting edges ; or if a large weight be

taken out without first bringing the pans to rest, it cannot be done

without producing a similarly bad effect.

When a weight is put in which is assumed to be nearly equal to

the substance to be weighed, the balance should be brought to a

horizontal state of rest, and should then be liberated gradually by

turning the thumb-screw, so as to have the pans wholly supported

by the beam. The whole being on its true centres of suspension,

it will be observed whether the weight is sufficient or not ; and the

rapidity of ascent or descent of the pan containing it will enable a

judgment to be formed of the quantity still to be added or removed.
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It sometimes happens that the balance appears to vibrate with

difficulty, or to stick, though no sufficient cause can be discovered :

on these occasions a slight tremor given to the instrument by

tapping on the case, or by a vibratory motion, will assist the

balance, and confer a sufficient delicacy to allow of the operation

being completed.

CHAPTER IV.

GENERAL PREPARATORY CHEMICAL OPERATIONS.

Calcination. The terms calcination, calcining, and roasting, are

very often confounded. By calcination is here meant either separa-

tion of any volatile matter from a mineral substance by the aid of

heat alone, the atmosphere being totally or partially excluded, or in

effecting rapid changes of temperature to render minerals more

fragile ;
as gold quartz previous to quenching in water, &c.

The hydrates of all minerals, as iron, zinc, &c., whose matrices

are argillaceous, are calcined to expel water ; the carbonates of lime,

iron, copper, and lead, to separate carbonic acid; and the hydro-

carbonates of zinc and iron to get rid of both water and carbonic

acid ; cobalt, nickel, &c., to separate arsenic and sulphur ; coal and

the iron ore found in the vicinity of collieries, black-lead, &c., to

expel bituminous matter.

Vessels termed crucibles are used in calcination, and are made

of various materials, as clay, platinum, silver, and iron. Silver

cannot be employed at a heat greater than dull redness. Crucibles

of platinum are the most useful ; next to them, those of clay. All

these crucibles must be furnished with covers.

When the operation is finished, the crucible must be removed

from the fire and allowed to cool gradually. When completely cold,

the cover may be removed, and the contents taken out by means of

a spatula. If any adhere, a small brush will be found very useful

for its removal. The difference in weight before and after the calci-

nation equals the volatile matter.

In case the substance to be calcined is fusible, the crucible and

contents must be weighed before ignition ; and the loss of weight is
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equal to the quantity of volatile matter expelled : in fact, this latter

is the most satisfactory method of conducting the experiment.

If the ignited or calcined substance be soluble in water, it can be

removed from the crucible by that menstruum (heat may be

employed if required) ; if not, any suitable acid may be used.

If the substance to be calcined decrepitates on .heating, it must

be previously pulverised and heated slowly and gradually in a well-

covered crucible. There are certain substances which undergo a

material alteration by contact with the gases given off during the

combustion of the fuel in the heating-furnace, as carbonate of lead ;

or which, like carbonaceous matters, are consumed by the introduc-

tion of atmospheric air. All such substances must be calcined in a

closely-covered crucible placed in a second crucible (also covered)

for further protection.

There are some rare cases, however, in which these precautions

are not sufficient. In such, either a weighed porcelain or German

glass retort must be employed.

Sometimes crucibles (earthenware) lined with charcoal are em-

ployed in calcining some substances; for even if the substance

be fusible it may generally be collected and weighed without loss, as

very few bodies either penetrate into or adhere to a charcoal lining.

In this way grey cobalt and other arsenio-sulphurets are calcined at

a high temperature to expel the greatest possible amount of arsenic

and sulphur.

It may be as well to state in this part, as the use of platinum

crucibles has been mentioned, that certain bodies cannot be ignited

in them ; and the best and most complete instructions for their use

are those of the celebrated Berzelius.

" It is improper to ignite in platinum vessels the caustic alkalies

or the nitrates of any alkaline base, such as lime, baryta, or strontia,

because the affinity of the alkali for oxide of platinum causes a very

considerable oxidation of the metal ;
and after the saline matter is

removed the surface of the metal is found to be honeycombed."
The alkaline sulphurets or the alkaline sulphates mixed with

charcoal are inadmissible, because the sulphurets so formed attack

platinum even more energetically than the caustic alkalies :

again, metals whose fusing point is lower than that of platinum,

because an alloy would be formed. . Gold, silver, and copper may be

heated to dull redness in platinum vessels without danger; but fused

lead cannot come in contact with platinum without destroying it.
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A drop of fused lead, tin, zinc, or bismuth placed on red-hot

platinum always produces a hole. Neither can phosphorus or phos-

phoric acid mixed with charcoal be ignited in vessels of platinum,

because a phosphuret of platinum is produced, which is an exceed-

ingly brittle compound.
In analyses by the humid method, nitro-hydrochloric acid (aqua

regia], even when very dilute, must not be allowed to come in con-

tact with platinum. It is a general rule that liquids containing

either free chlorine, bromine, or iodine, must not be boiled in

platinum capsules.

The best method of cleaning a platinum capsule or crucible, when

it has become stained or scoriaceous, is to smear it with a paste

made of borax and carbonate of soda, and then heat it to redness.

After it has cooled, place it in boiling water until all the saline

matter is dissolved, when the vessel will generally be found bright

and clean : if not, the operation must be repeated.

Roasting. In this operation, arsenic, sulphur, selenium, carbon,

and antimony are separated from certain metals with which they were

combined. Boasting differs from calcination in this particular : the

latter is carried on in close vessels, independent of the atmosphere ;

the former in open vessels by the aid of the atmosphere. It is thus

we are enabled to separate the bodies just mentioned by this process ;

for the oxygen of the air, by combining with them, forms a volatile

substance which the heat expels. Thus, in roasting sulphuret of

copper and iron (copper pyrites), the sulphur, copper, and iron

mutually combine with oxygen to form sulphurous acid (volatile)

and the protoxide of copper and peroxide of iron, thus :

2(FeS+ CuS)-fl30=Pe2 3 +2(CuO)+4(S02 )

This is the final change in this case. During the process, however,

some sulphate arid sub-sulphate of copper and iron are formed. This

change will be given under the head Copper Assay.

When carbonaceous matters are roasted, the operation also takes

the name combustion, or incineration ; because the object of roast-

ing a fuel, for instance, is generally to ascertain the amount of ash

left.

In roasting, in the ordinary acceptation of the term, the body
must not befused, but kept in a pulverulent state; but there are

roastings in which the substance is fused, as in cupellation and

scorification.

The process of roasting is performed in different ways ; in one,
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a small flat vessel (roasting test, fig. 182), made of the same

material as the earthen crucibles, and similar to a saucer, is employed.
It is placed in a muffle or a roasting-furnace ; the former is the

best ; the latter is more suitable for carrying on the operation in

FIG. 182. crucibles. The substance

to be roasted must be

finely pulverised, placed in

the roasting vessel, and

constantly stirred with an

iron rod until no fumes are

given off, or until it ceases

to evolve the odour of sul-

phurous acid, when sulphur is one of the constituents to be

eliminated.

If the operation be performed in a crucible, the latter must be

inclined to the operator, so that the draught of air passing to the

furnace flue may impinge as much as possible on the substance under

manipulation.

The heat in this operation must be very nicely regulated for some

time. At first it ought only to be the dullest red ; and the substance

must be assiduously stirred in order to present the largest possible

surface to the action of the atmosphere, and prevent fusion; for

some assays, when roasting, will fuse readily at a low temperature

unless the surface be continually renewed. Even by paying the

utmost attention to this point it cannot be always prevented. In

such cases the assay must be mixed with its own weight of fine

white sand (silver sand) : the operation will then proceed steadily.

If the assay at all agglutinates it must be taken from the fire,

and rejected if the substance be plentiful; if not, the fused mass

must be carefully removed from the crucible or test, pulverised, and

the roasting recommenced. In this case, however, the operation

is always rendered very tedious, and the final result less exact,

so that much care ought to be taken at the commencement of

the roasting. After the assay has continued at a dull red heat for

some time, and shows no inclination to agglutinate, the heat may
be slightly increased ; at the same time the stirring must be dili-

gently pursued. After the heat has arrived at full redness there is

little fear of fusion ; and as the operation at this point proceeds

more rapidly than at any other, at a high temperature than a low

one, it is well to increase the heat to a yellowish red, and lastly, in

certain cases, to nearly a white heat. If the stirring of the assay

has been constant during the various gradations of heat, the roasting
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at this point will be accomplished ; and the remaining operations of

the assay may be proceeded with.

There are certain other precautions to be taken in roasting some

minerals; but they will be pointed out under the head of their

respective metals.

It may be as well to mention here, that platinum capsules are use-

ful in certain roasting operations. The sulphurets of copper, iron,

and molybdenum, are most conveniently oxidised in this kind of

vessel, without fear of injury to it, providing that fusion of the

roasting substance be carefully avoided. Platinum vessels must

also be used in ascertaining the amount of ash in coal where the

experiment is conducted so as to afford exact results.

Reduction. The process of reduction consists in removing oxygen
from any body containing it, by means of either carbonaceous matter

or hydrogen, or a body containing both of these elements. The

rationale of the operation is as follows, when oxide of lead is

employed with carbon :

The reaction between oxide of nickel and hydrogen is thus

expressed :

In the first case we have, on one side, oxide of lead and carbon ;

on the other, metallic lead and carbonic acid. In the latter, 01

one side, oxide of nickel and hydrogen ; and on the other, metallic

nickel and water. If the reducing substance contain both carbon and

hydrogen the action will be thus, when a metal (lead) is reduced

from its oxide, with the formation of carbonic acid and water:

3(PbO) +CH=3Pb+C02+ HO.

In the operation of reduction by the aid of carbonaceous matters

two methods are employed : in the one, charcoal, coal, or any car-

bonaceous or hydro-carbonaceous body, as argol, is mixed with the

substance to be reduced ; in the other, the process of cementation is

employed, as in the manufacture of steel. This process is conducted

by placing the oxide to be reduced in a crucible lined with, charcoal,

and covering it closely during the time it is in the furnace ; the reduc-

tion proceeds gradually from the outside of the oxide to the centre
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of the mass. The time requisite for this operation depends on three

circumstances, viz. the nature of the oxide, the degree of tempe-

rature, and the mass acted on.

Some oxides treated this way are reduced very readily ; others,

again, take a considerable time ;
while certain of them do not appear

to be acted on beyond the outermost layer. Of the first class is

oxide of nickel ; of the second, oxide of manganese ;
and of the third

and last, oxide of chromium.

Each of these classes of reduction has its advantages. The former,

or reduction by mixture with carbonaceous matter, takes place very

quickly and completely, but the metallic residue is mixed with char-

coal ;
in the latter process, the residue is comparatively pure, but it

is not generally preferred, on account of the time and high tempe-

rature necessary.

Reduction by hydrogen gas is very seldom employed ; it is, however,

absolutely necessary in the determination of per-centage of cobalt or

nickel in a sample where perfect accuracy is desirable. The operation

is carried on in a tube of hard German glass, having a bulb blown in

its centre, which is heated either by a spirit-lamp or gas. Attached

to it is a tube full of dried chloride of calcium, through which the

hydrogen gas effecting the reduction passes to perfectly dry it.

The bulb tube is weighed and the oxide introduced into it ; it is

then again weighed, and the apparatus united by caoutchouc tubes ;

hydrogen gas (see Reducing Agents) is then passed through it until

the whole of
%
the atmospheric air is expelled. Heat is then applied

till the bulb is bright red, and the current of gas continued until

no more water (from the decomposition of the oxide, as explained at

p. 81) is formed ; the source of heat is then removed, and the current

of gas continued until the apparatus is cold. The bulb-tube, with

the reduced metal, is then weighed, and the excess of weight over

the first weighing gives the amount of metal in the amount of oxide

operated on.

Fusion. This operation is sufficiently simple, and is employed in

all assays by the dry way, in order to obtain, in conjunction with the

last process, a button or prill, as it is termed, of the metal whose

assay is in progress. It is also a necessary step in the granulation

of metals, preparation of certain fluxes and alloys, also chips of bar-

lead for assay for silver, in order that a homogeneous ingot may be

obtained,

Sublimation. This operation is a kind of distillation in which

the product is obtained under the solid form. The apparatus gene-
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rally employed for this purpose are tubes, flasks, capsules, and

crucibles. Masks (those in which Florence oil is imported) are

exceedingly useful : they must be sunk in a sand-bath, and the sub-

limed substance received directly into another flask, or by passing

through an intermediate tube. Sometimes, however, it is difficult to

entirely remove the sublimed substance ; and in order to avoid this

inconvenience, Dr. Ure has proposed the following very excellent

subliming apparatus : It consists of two metallic or other vessels,

one of which is flatter and larger than the other. The substance to

be sublimed is placed in the smaller vessel, and its opening is covered

by the larger filled with cold water, which may be replaced from time

to time as it becomes hot. The sublimed substance is formed on

the lower part of the upper vessel. A large platinum crucible filled

with cold water, and placed on the top of a smaller one, answers the

purpose of the before-mentioned apparatus very well.

Distillation. There exist two distinct classes of this operation :

in the one, liquids are submitted to experiment ; in the other, solid

bodies, as wood, coal, &c., in order generally to ascertain the amount

of gas or other volatile matter given off, in the course of an experi-

ment, from a certain quantity of the coal or other substance

operated on.

In liquid distillations (as in the purification of nitric acid, &c.)

glass vessels termed retorts are

used. The best form for gene-
ral use is furnished with a

stopper at the upper part of the

body, a, through which the liquid

is introduced; the neck of the

retort is then placed in that of a

receiver, b (fig. 183), over which

a piece of wet cotton or woollen

cloth is placed, and which must

be kept cold by means of a

stream of water from a funnel, c.

Heat is then applied to the retort,

and as much of the liquid as is desired is distilled over into the

receiver. It is advisable to fill the retort no more than two -thirds

full, and to apply the heat at first very gently, otherwise there is a

fear of breaking the vessel.

A more convenient form of apparatus for distillation and condensa-

FIG. 183.
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tion is shown at 184, in which a Liebig's condenser is attached

FIG. 184.

FIG. 185.

to the retort. The fig. 185 will show the construction of the con-

densing apparatus. The

cold water passes into

the funnel above, is con-

veyed at once to the

lowest end of the con-

denser, whilst the heated

water passes off by the

upper tube.
FIG. 186.
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Distilled water is a most important agent in the laboratory ; and,

as much is needed, it is better to have a still specially adapted for its

production. Such an one is depicted at fig. 186 : where A is the

body of the still ; B the furnace in which it is set (the still may also

be placed in the portable furnace, fig. 191, p. 95) ; c the still-head ;

D E the neck ; F the worm ; I j K L worm-tub containing cold

water to condense steam generated in still ; M N pipe to lead fresh

cold water to bottom of worm-tub, while the warm water runs off at

the top, as in Liebig's condenser ; and p the vessel in which the

distilled water is received.

In the distillation of dry bodies, earthenware, glass, or iron retorts

are employed ; but in general I find a tube of wrought-iron, about one

inch internal diameter, arid plugged at one end, to be the most con-

venient form of apparatus. It is placed with the substance contained

in it in a furnace, and a small tube, either of glass or pewter, is

fixed by means of a perforated cork to the open end of the large tube.

The gas given off during the operation is to be collected by aid of the

pneumatic trough. It will be necessary here to describe the pneu-
matic trough and jars, together with all the requisite calculations

for temperature, pressure, and moisture, to be made in experiment-

ing with gaseous bodies.

The pneumatic trough is a vessel of either a circular or square

form (the latter is most convenient) made of tin-plate or zinc, fur-

nished with a shelf at the distance of about three inches from its

upper part. This shelf, according to its size, is perforated with one,

two, or more holes, each of which is furnished with a small funnel-

shaped opening on the inferior part. This opening is for the pur-

pose of receiving the mouth of a tube delivering gas. The lower

part of the trough ought to be furnished with a tap, for the purpose
of drawing off the water when it is soiled. The gas jars are made
of glass (the most convenient form is cylindrical), and graduated
to cubic inches and parts. Each of the jars may hold from 50 to

100 cubic inches, or more, according to the quantity of gas expected
to be furnished during each experiment.

To use the trough, proceed as follows : Pill it with water to

about two inches above the shelf, then fill one of the jars with

water ; place a ground-glass valve over its orifice, and then set it in

an inverted position on the shelf over one of the holes with the

funnel-shaped opening, into which introduce the gas- delivering tube.

When the mouth of the gas jar is under water, the glass plate is

removed. As sooii as the gas passes off, by the aid of heat, from
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the coal or other body in the iron tube, or retort, whichever may
have been employed, it will pass into the jar and displace the water.

As soon as the jar is full it must be replaced by another, and so on

until no more gas passes over. The quantity produced in the

experiment is then ascertained by reading off the graduations on the

jars. It is, however, not the true quantity, as most likely it has

been expanded to a larger volume by the heat employed in its

production, or has combined with a quantity of aqueous vapour

from the water with which it was in contact; or, lastly, the

barometer might not have been at the height of 30 inches, from

some change in the state of the atmosphere. If it were less than

30 inches the gas would appear greater in quantity ; if more than

30 inches it would appear less in quantity than it really was. The

following is the method of making the calculations necessary in

reducing the gas to its true volume ;

Correction for Temperature. It has been ascertained by the

recent researches of Magnus and Eegnault that 100 parts of air or

any other gas at 32 of Fahrenheit, when heated to 212, expand to

136*65 parts, the increase being
3

-^ths, or *3665 of the original

bulk. If this be divided by 180, the number of degrees between

32 and 212, it will be found that air expands 4-^1
-T, or in round

numbers -i-^-th for each degree of Fahrenheit; and we can from

this datum determine the expansion or contraction any gas would

undergo for any given number of degrees of temperature.

But supposing it be required to know what volume 100 cubic

inches of gas at 80 would occupy at 60, the standard temperature,

it must be kept in view that it is not -^-th-th part per degree of the

volume at 80, but of the volume at 32, which is to be deducted.

491 parts of air at 32 become 492 at 33, and 493 at 34, and so

on; so that at 60 they have increased to 519 parts, and at 80 to

539 ; so that we have a proportion between the bulks at 60 and at

80, from whence the question may be determined, for

Volume at 80. Volume at 60. Cubic inches. Cubic inches.

491+48 : 4914-28 :: 100 : 96-288

or the reverse, supposing it were wished to ascertain the real volume

at 60 of 100 cubic inches of gas at 40

Volume at 40. Volume at 60. Cubic inches. Cubic inches.

491+8 : 491+28 :: 100 104-008
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Correction for Pressure. As before stated, the standard pres-

sure is 30 inches of mercury ; and the law must be kept in mind

that the bulk of a body of gas is inversely proportionate to the

weight, and directly proportionate to the pressure ; so that if we

had 100 cubic inches of air when the barometer was 29 inches it

would be as

so : 29:: 100 : 96-6

or if the barometer stood at 31 inches when the 100 cubic inches

were measured, it would be as

30 : 31:: 100 : 103-33

so that the rule is : as the mean pressure is to the observed pressure,

so is ths observed volume to the true volume. The correction for

temperature or pressure may be made indiscriminately ; the result

being the same in either case.

Correction for Moisture. This correction must be made after

the two previous. As before mentioned, the elastic force of the

aqueous vapour causes the gas with which it may be mixed to

expand ; and by reference to tables founded on calculations upon
the force of steam at different temperatures, the amount of correc-

tion may be easily ascertained. Thus, for 100 cubic inches of a gas

saturated with vapour properly corrected to the temperature of 60

and 30 inches pressure, we wish to know the equivalent bulk of the

dry gas. The observed volume is partly due to the expansion occa-

sioned by the vapour; and this proportion will be, in proportion to

the whole, as the elasticity of the vapour is to the total elasticity ;

therefore

Elasticity of air. Elasticity of vapour. Cubic inches. Cubic inches.

30-000 : o*560 :: 100 : 1-86

The volume of the dry gas is therefore

100-1-86= 98-14 cubic inches.

Scorification : Cupellation. These operations will be described

under the head Silver Assay.
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CHAPTER V.

FURNACES, FUEL, CRUCIBLES, &C.

FUBNACES are of two distinct kinds, viz. Hast and wind. In the

former, the fire is urged by means of bellows ; and in the latter, by

a chimney, or common draught. We shall commence with the latter,

as they are in most common use. They are of various kinds, accord-

ing to the purpose for which they are required. The three principal

kinds are those of fusion, calcination, and cupellation. Coal, coke,

or charcoal, are the fuels employed, and the merits of each will be

particularly discussed. Blast furnaces are only employed for the pur-

pose of fusion, although their forms are various : charcoal and coke

are the fuels in use.

All furnaces consist of certain essential parts, viz. 1st, the

ash-pit, or part destined to contain the refuse of the combustible

employed. 2nd, the bars on which the fuel rests : these are sometimes

made moveable, or fixed to a frame ; the former arrangement is more

convenient, as it allows clinkers and other refuse matters to be readily

removed. 3rd, the crucible, or body of the furnace in which the

heat is produced. And lastly, in wind furnaces, the chimney by

which the heated air and gaseous products of combustion are

carried off.

Wind Furnaces : Calcining Furnace. Calcining furnaces are

small and shallow, because a high temperature is not required. They

may be made square or circular : the former are most readily con-

structed, and the fuel they contain can be easily stirred without fear

of overturning the contained crucibles. Where many crucibles are

to be heated at once, they are preferable to the circular ; but the latter

give the greatest degree of heat with the least possible consumption
of fuel, and are to be preferred on that account where one crucible

only is to be ignited.

The crucible, or body of the furnace, is best made with good

bricks, lined with Welsh lump, fire-bricks, or a mixture of Stourbridge

clay and sand. It is also desirable that a plate of iron with a ledge

be placed over the upper part of the furnace to protect the brick-

work from blows with crucible tongs, &c., and to keep it in its place

when disturbed by sudden alternations of temperature. The bars
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of the furnace may be either one single piece, or made up of several

bars of iron fastened to a frame. They ought to be as far as

may be from each other, and not too large. They must be large

enough, however, not to bend under the weight of the fuel and cru-

cibles when they become hot, and they must not be so far removed

from each other as to allow the coke or charcoal to fall through

easily. Lastly, the more readily the air can find access to the centre

of the fuel, the higher will be the temperature produced in the fur-

nace ; and very simple assays occasionally fail, only because the bars

are either too large, or too close together.

The ash-pit, as before stated, is an open space under the bars,

and serves as a receptacle for ashes, clinkers, &c., produced during

the time the furnace is in use. It ought to have the same area as

the crucible, and be completely open, so that the air may have free

access : it is well, however, for the sake of economy, to furnish this

opening with a hinged door, having a register plate fixed in it, so

that the draught may be reduced, or entirely shut off, in order that

the fire may be extinguished and fuel saved, which otherwise would

be burnt in sheer waste.

Chimney. Calcining furnaces generally have no fixed chimney,

but are covered with a moveable one when a greater degree of heat

is required. This chimney is made of strong plate iron, furnished

with a wooden handle. The lower part is provided with a door, by
means of which the interior of the furnace may be examined without

disturbing the whole arrangement of the chimney, and consequent

cooling of the contents of the furnace.

If, during the course of any experiment, noxious or inconvenient

vapours are expected to be given off, the furnace must be so ar-

ranged that they are introduced into a flue by fastening a piece of

iron plate pipe, furnished with an elbow-joint, on to the moveable

chimney before spoken of.

Evaporating Furnaces. The furnaces just described answer

exceedingly well for heating small flasks, evaporating basins, &c.,

when furnished with a tripod stand or sand-bath. The latter is

necessary, as many assays by the dry way are preceded or followed by
certain operations by the humid method.

The Hood. In order to prevent certain vapours from fires, eva-

porating basins, &c., from entering into the laboratory, a large metal

covering, termed a hood, is employed, which hood terminates in a

chimney having a good draught. They are best made of sheet zinc,

plate iron, or, better still, of galvanized iron, as that is cheaper than
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zinc, and quite as serviceable ; it has also the advantage of not being

combustible.

Fusion Furnace : Wind Furnace. The wind furnace, properly

so called, is a furnace provided with a chimney, and which is capable

of producing a very high temperature.

Wind furnaces are generally square, but if more than four crucibles

are to be heated at one time, they may be made rectangular, the

chimney being placed at one of the long sides. However, when the

furnace is required to hold but one pot, it may be made circular.

The body of the furnace ought to be made of good bricks, solidly

cemented with clay, and bound by strong iron bands. The bricks

must be very refractory, and capable of sustaining changes of tem-

perature without cracking. They are ordinarily made with the clay

used in the manufacture of crucibles. In some cases bricks are not

used for the lining of this kind of furnace ; for instance, a mould

of wood is placed in the centre, and the open space between the

surface of that and the outer brickwork is filled with a paste of very

refractory clay, each layer being well beaten down. When the space

is filled, the case is withdrawn, and the crust of clay dried with much

precaution, every crack that may be caused by unequal desiccation

being filled up as fast as formed. This method of manufacture is

very applicable to circular furnaces. In every case, however, it is

necessary to border the edge with a band of iron, to prevent injuries

from tongs or pots.

The Ash-pit. On the one hand, it is well to have the power of

cutting off access of air into the body of the furnace by the lower

part, either to put out the fire entirely, or to deaden it whilst putting

in a pot ; and, on the other, to attain the maximum of temperature,

we must have the means of allowing the air to pass with the greatest

possible facility into the furnace. In order to do this, it is neces-

sary to furnish the ash- pit with doors, or valves, whereby the

quantity admitted may be regulated as desired.

The bars are made in one piece, or are made up of moveable pieces

of metal, which latter arrangement is the most convenient. Wherever

a wind furnace is in use, the superior opening is closed by a cover

made of a fire-tile encircled with iron.

The chimney is a very essential part of a wind furnace ; it is on

its height and size that the draught depends, and, in consequence,

the degree of heat produced within the furnace. In general, the

higher and larger the chimney the stronger is the draught ; so that,

by giving it a great elevation, exceedingly high temperatures may
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be obtained. But there is a limit which it is useless to pass in a

furnace destined for operations by the dry way ; and besides this,

the building a very high chimney presents many difficulties and much

expense, so that in laboratory operations, where a very strong current

of air is required, recourse is had to a pair of double bellows. A
temperature can be produced in a wind furnace sufficiently strong to

soften the most refractory crucibles by means of a chimney from

thirty-six to forty feet high. They are generally made square or rect-

angular, and have interiorly the same dimensions as the crucible of

the furnace. About two feet above the upper part of the furnace

these chimneys are furnished with a register, or damper, by means of

which the current of air may be regulated, or entirely stopped at

will. The damper is a plate of iron sliding into a small opening
across the chimney.

A wind furnace of the kind above described is represented by figs.

187 and 188.

. 187. FIG. 188.

The left-hand figure in 187 is the plan, the right an elevation
;

and in
fig. 188 is shown a sectional view. A the body of the furnace

in which the crucibles to be heated are placed ; G the bars, and r the

ash-pit ; the cover formed of a thick fire-tile of the requisite size,
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firmly encircled by a stout iron band, and furnished with a handle

for convenience in moving it ; B the flue ; c the chimney ; R the

damper ; H a hood over the furnace, supported by iron bands h h h ;

M the handle of a ventilator T, which serves to carry off hot air and

fumes from furnace when open ; and finally s, a small sand-bath, in

which to set the red-hot crucibles when taken from the fire : one

foot square inside the fire-place of the furnace is a very good and

convenient size : the remainder will then be in proportion.

Blast Furnaces. In this species of furnace, the air necessary to

keep up the combustion is forced through the fuel by means of a

blowing apparatus, instead of being introduced by the draught of a

chimney, as in the wind furnace.

The most convenient apparatus for forcing air into a furnace is a

double bellows ; a fan may be used, but, in the small way, is not so

powerful.

The quantity of air passing into a furnace varies with the length
of the assay, and ought to increase gradually, the stream at first being
small ; and as the temperature becomes higher, the bellows ought to

be worked with more force.

The following is the description of a most excellent blast furnace

which has been in use for some years in the laboratory of the Royal
Institution. I have in my own laboratory one of these furnaces, and

the temperature produced by it is extraordinary, considering the small

amount of time and fuel employed. It is sufficiently powerful to

melt pure iron in a crucible in ten to fifteen minutes, the fire having
been previously lighted. It will effect the fusion of rhodium, and

even pieces of pure platinum have sunk together into one button in

a crucible subjected to its heat.* All kinds of crucibles, including
the Cornish and Hessian, soften, fuse, and become frothy in it ; and

it is the want of vessels which has hitherto put a limit to its appli-

cation. The exterior consists of a blue pot (black-lead pot), eighteen

inches in height, and thirteen inches in external diameter at the top ;

a small blue pot of seven and a half inches external diameter at the

top had the lower part cut oif, so as to leave an aperture of five

inches. This, when put into the larger pot, rested upon its lower

external edge, the tops of the two being level. The interval between

them, which gradually increased from the lower to the upper part,

was filled with pulverized glass-blowers' pots, to which enough water

had been added to moisten the powder, which was pressed down by

sticks, so as to make the whole a compact mass.
' A round grate

*
Faraday.
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was then dropped into the furnace, of such a size that it rested

about an inch above the lower edge of the inner pot : the space be-

neath it, therefore, constituted the air-chamber, and the part above

the body of the furnace. The former was 7^ inches from the grate

to the bottom, and the latter 7 4- inches from the grate to the top.

Finally, a longitudinal hole, conical in form, and 1^ inches in dia-

meter in the exterior, was cut through the outer pot, forming an

opening into the air-chamber at the lower part, its use being to

receive the nozzle of the bellows by which the draught was thrown

in. Sefstrom's Blast Furnace, obtainable at most chemical instru-

ment makers, is also very powerful and convenient.

The Muffle, or Cupel Furnace, is a species of reverberatory

furnace, in the centre of which is placed a small semi-cylindrical

oven, which is termed the muffle.

This muffle, being completely surrounded by ignited fuel, acquires

a very high temperature, and in its interior all operations requiring

the presence of air, and which cannot be carried on in contact with

carbonaceous matters, may be performed, such as roastings, scori-

fications, and cupellations.

When from ten to twenty cupellations have to be effected at one

time, large brick furnaces are employed ; and, in consequence, much
fuel is consumed to waste where only a few cupellations are required.

This has occasioned many persons to endeavour to form small fur-

naces, where one or two cupellations may be carried on with the

smallest possible quantity of fuel. MM. Aufrye and d'Arcet have

contrived a furnace which is capable of fulfilling all these con-

ditions.

The furnace is elliptical, and about 7 inches wide and 18 high;
its ash-pit has but one circular opening, and its height is such, that

when the furnace is placed upon it, and the whole upon a table, the

assayer can, when seated, readily observe the course of the assay

within the muffle. The hearth has five openings, in one of which

the muffle is placed ; in another, a brick to support it ; a third for

the purpose of introducing a poker to stir the ashes, and make them

fall through the grate-holes : this can be closed with a small earthen

plug ; and lastly, two round holes, placed in its largest diameter, to

facilitate the introduction of air, either by draught or a pair of

bellows, as the case may require. The support for the fuel is gene-

rally a plate of earthenware, pierced with holes, and bound round

with iron wire to keep it together in case it cracks by changes of

temperature ; but it is better to use an iron grating.
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The dome of the furnace has a circular opening, which can be

closed by a plug of earthenware : this opening serves for the intro-

duction of the fuel. A chimney is necessary to increase the draught ;

it is made of sheet-iron, and may be from 1^ to 2 feet in height,

and ought to fit the upper part of the dome very exactly. At its

base there is a small gallery, also of sheet-iron, in which it is intended

to place the new cupels, so that they may be strongly heated before

introduction to the muffle. This saves many of them from frac-

ture.

MM. Aufrye and d'Arcet have estimated the quantity of charcoal

necessary to heat this furnace. The following are comparative expe-

riments :
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be lighted by means of charcoal alone, as coke is very difficult to

inflame in a cold furnace. When it is red-hot, it may be fed with

coke alone, or, better still, a mixture of coke and charcoal.

Where great numbers of cupellations have to be made at once,

the following form of brick furnace is requisite. Such a furnace is

represented by the preceding figures :

Fig. 189 shows an elevation of the furnace. Tig. 190, section.

The interior of the furnace is of fire-brick ; the exterior, common
brick. The upper part is protected by a plate of iron, and the

superior opening, through which the fuel is introduced, is covered

when necessary by a large fire-tile strongly encircled with an iron

band, to which are attached two handles, by which the whole can be

moved.

The muffle opening, as seen partially open in the diagram, can be

entirely closed by means of two sliding doors, made of sheet iron,

running in a stout wrought-iron frame, built into the brick-work.

Immediately below the mufflo entrance are two moveable bricks ;

these close the openings through which the fire bars are introduced ;

and still lower down is the ash-pit door, furnished with a register for

the better regulation of the current of air required by the furnace. Tn

fig. 190 is shown a brick built into the back of the furnace, on which

the closed end of the muffle is supported. This brick may, however, be

replaced by a crucible or fire brick, standing on the bars of the furnace.*

I will now describe what I have been in the habit of using as a

portable furnace. It may very aptly be termed the " universal furnace,"

as it is capable of performing all that is required of any furnace in an

assay (see figs. 191 FIQ m Fm m
and 192, elevation

and section). It

is to be much

recommended for

its durability and

cheapness, and

lastly, for its small

size compared with

the heat it can

produce. It was

made, I believe,

only by Mr. New-

* For other forms of cupel furnaces, see this page, and undr the head Silver Assay,
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man of Regent Street, but now similar furnaces may be obtained at

Messrs. Simpson and Maule's, Kennington Road, and is constructed

externally of sheet-iron, very stout, and is lined with fire brick, not

cemented together, but ground and keyed, as an arch, so that it can

never fall out until it is completely useless. It is furnished with five

doors, one in the ash-pit, and four in the body of the furnace ; two

in the. front, one above the other, and two opposite each other, at the

sides. The cover serves as a sand-bath, and when that is taken off

there is a series of cast-iron rings, fitting the top of the furnace, for

the purpose of placing basins either for the purpose of evaporation,

calcination, or roasting. The two opposite holes serve for the intro-

duction of a tube in operations where it is requisite to pass a gas over

any body, at a red heat. In the lower hole, in front, I place a

muffle for roastings and cupellations, and introduce fuel and crucibles

by the upper one ; it also serves as an opening through which the

state of the furnace can be seen, or the progress of any assay

observed.

Iron, manganese, nickel, and cobalt, can be fused in this furnace,

when it has a flue of about' thirty feet in height attached to it ; and

by closing the ash-pit door, the dullest red heat, for gentle roastings,

can be obtained. Its height is about 2J feet, and diameter 1 foot ;

internal diameter, 8 inches, and depth of fire-place 1J foot.

The Use of Furnaces. Care must be taken in placing the

crucibles in the fire. They must stand solidly, and be at equal

distances from the sides and bottom of the furnace, so as to receive

a like share of heat, and they must be completely surrounded with

the fuel. The fire must be got up gradually, so as to prevent the

sides of the furnace and the crucibles within from cracking from the

sudden increase of heat. After the furnace has arrived at a full

red heat, give more air, and in from about twenty minutes to one

hour the assay will be finished. During the time the furnace is in

full action, the cover must be frequently removed to add more fuel,

if any open spaces occur round the crucibles, also to press the fuel

close to the pots. When the pots are taken out, they may be placed

in a sand-bath, and allowed to cool gradually, before they are broken,

to examine the contents.

In commencing a second assay immediately in the same furnace,

certain precautions must be taken to ensure success. In the first

place, all ash and clinker must be removed from the grate, by means

of a crooked poker; secondly, the fuel must be pressed down

firmly ; and lastly, a layer of fresh combustible must be placed on
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the fire, and before that is ignited the crucibles must be arranged

upon it, and the spaces about them be filled with coke or charcoal,

as the case may be, and the assay proceeded with as before.

In executing many assays, one after the other, a great saving of

fuel is made, for the furnace is not allowed time to cool.

Auxiliary Apparatus. Ordinary assay furnaces require very few

instruments ; they are, firstly, pokers or stirring rods, made of stout

bar-iron : these may be straight, as for stirring the fuel from the

top of the furnace, so as to fill up cavities formed by uneven com-

bustion ; or curved, for clearing the bars from below from clinkers

and ashes. Straight and curved tongs are also required ; for small

crucibles the blacksmith's common forge tongs are the most suitable :

tongs with semicircular ends (see fig. 193) are very serviceable for

FIG. 193.

larger crucibles. The tongs a are particularly adapted for removing

large cupels or calcining tests from the muffle ; the tongs b and c

for heavy crucibles from the wind or blast furnace. In case the eyes

of the operator are weak, it is advisable to make use of a pair of deep
neutral-tint spectacles. Some assayers recommend the use of masks

for the face, and gloves for the hands : but these are not needed.

In cupel furnaces pokers or stirring rods are required both curved

and straight ;
also a curved rod made of lighter iron, to be used in

closing the sliding doors, slightly moving cupels, &c. The tongs

FIG. 194.

used are varied in form (see fig. 1 94) : a represents a very light

elastic tong or pincer employed in the introduction of lead and other
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matters to the cupel ;
b tongs for holding scorifier : the curved part

fits the lower part of scorifier, (see fig. 201), and the upper or single

part passes over the upper part of the scorifier so that its contents

may be emptied into the proper mould without fear of its slipping

from the operator's grasp ;
a represents the tongs used in moving

cupels; they are slightly curved, so that cupels from the back part

of the muffle may be removed without disturbing those in front.

Fig. 195 shews the plan and section of ingot mould, into which

contents of scorifiers are poured : it is made of thin sheet iron, and

the depression for the reception of the fused lead, slag, and ore

hammered out. Pig. 196 is a wrought-iron ladle, in which lead

FIG. 195. FIG. 196.

FFG. 197.

clippings, &c. are melted, in order

to obtain a fair average of a large

cargo; and fig. 197 represents the

ingot mould into which the fused

lead, or other metal, is poured.

Other special apparatus will be described under the assay in which

they are required, as will also blowpipe apparatus in a chapter devoted

to that subject.

Fuel. Assay furnaces are heated with coal, anthracite, coke, and

charcoal, and sometimes with a mixture of the two latter ;
coal is

very seldom employed, and therefore will not be much spoken of;
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coke is the principal combustible used in assaying. Calcining

furnaces ought to be heated with charcoal alone, because coke

employed in small quantities lights and burns with too much

difficulty. All fuels contain certain fixed matters, which remain

after combustion, and which constitute the ash. These ashes fuse or

agglutinate together, and when a certain quantity is formed, if it be

not removed, the fire will decrease in intensity, and finally die out.

As all combustibles do not contain the same amount of ash, we must

choose amongst them, and those containing the least are to be pre-

ferred ; iii the first place, because, weight for weight, they contain

more available matter ;
and secondly, because they can be used in a

furnace a longer time without the formation of so much clinker.

The composition of the ash merits much attention.

Charcoal contains from 3 to 4 per cent, of ash in general, the

components of which are lime and potash, as carbonates. It is

true, certain other matters are present, as phosphoric acid, oxide of

iron, manganese, &c., but in very minute proportions. It is not

fusible per se, and if it do not meet with any substance capable of

combining with it, it passes through the bars as a white powder, but

when the potash predominates, it exercises a very corrosive action on

the bricks with which the furnace is lined, as also on crucibles, lutes,

&c., by the formation of a fusible silicate of potash, which in course

of time runs down the sides of the furnace, and chokes the bars.

Whenever the ash is in very small proportion to the charcoal, its

fusion is rather useful than otherwise, because a species of varnish is

formed, which penetrating into the substance of the bricks and lutes,

gives them solidity by binding them together with a cement, forming

part of their substance.

The proportion of ash which coke contains is very variable ; that

of commerce contains from 8 to 10 per cent., while some samples of

coke, made from very pure coal, give but 2 to 3 per cent. ; so that

this fuel ought to be carefully chosen. The nature of this ash is dif-

ferent to that of charcoal ;
it consists principally of oxide of iron and

clay. The former is produced from the pyrites which coal generally

contains. The clay is similar to the carbonaceous schists, not very

fusible by itself, but nevertheless capable of softening. When pure,

it forms a slag, which attacks neither the bricks nor crucibles. This

happens very rarely ;
it is more often that oxide of iron predominates,

which by contact with the carbonaceous matter becomes reduced to

the state of protoxide, and then not only becomes very fusible, but

exercises on all argillaceous matters a very corrosive action, so that
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crucibles are very seriously injured, and the sides of the furnace

require frequent repairs.

Weight for weight, coke and charcoal give out nearly the same

quantity of heat ; but in equal bulks, the former developes much

more heat, because its density is greater : so, from this difference in

the calorific power of coke and charcoal, it results that in the same

furnace the former produces a greater degree of heat than the latter;

and it has been proved that at high temperatures the difference is

nearly 10 per cent. In order to account for this, we must consider,

firstly, that in a given space the quantity of heat produced in a certain

time, and, in consequence, the temperature, depends on the weight of

fuel burnt, and increases with its weight ; secondly, that combustion

taking place but at the surface of the masses, (which has been

proved by a great number of observations), whatever may be the

nature of the fuel ; from whence may be deduced, that the weight of

fuel burned in an unit of time ought to be exactly proportionate to

its density; and in consequence, the densest fuel furnishing the

most food for combustion, ought to give out the greatest heat. But,

as for the same reason they consume a larger proportion of oxygen,

they require, in order to produce all their effect, a more rapid and

strong current of air.

It is clear, from that which has been stated concerning the relative

properties of coke and charcoal, that when the former can be procured

of good quality, and especially when the ash contains but little oxide

of iron, it ought to be preferred to charcoal, for assays requiring a

high temperature.

A very essential condition in obtaining the maximum effect of a

furnace, and the importance of which can be alone appreciated by

experience, is the choice of pieces of fuel of a suitable size. If, on

the one hand, a shovelful of coke or charcoal be taken at random, it

generally contains the dust and dirt found in most fuel, and which,

by filling all the interstices, prevents the air from passing as required,

and the consequent combustion is slow. On the other, if a furnace

be filled with large pieces, considerable spaces are left between them,

so that but a comparatively small surface is exposed to the action of

the atmospheric oxygen, and a correspondingly small quantity of fuel

consumed in a given time ; so that the maximum heat can never be

obtained. In order to produce this desirable result, it is necesssary

that the pieces have a certain mean size, and experience has proved
that pieces about 1 inch to 1^- inches square produce the best

effect.



WIND AND BLAST FURNACES. 101

The Effects produced by Wind and Blast Furnaces. Assays

by the diy can be made either in wind or blast furnaces. In either

of them, the degree of heat depends upon the volume of air which

passes through the fuel in the same time ; but, cateris paribus, large

furnaces produce more heat than small, because comparatively less

heat is lost by the first than the last.

In a wind furnace, the maximum of heat is limited by the size of

the chimney, and in a blast furnace, by the .dimensions of the bellows ;

but by weighting the latter, more or less, the force of the blast can

be increased, and, in consequence, the temperature, to an almost

indefinile extent. In this respect, blast have the advantage over

wind furnaces.

In the latter, the draught increases in proportion as the heat

becomes more intense in the furnace, so that the temperature pro-

ducible increases progressively. In a blast furnace, the bellows can

be weighted and worked as heavily as possible at once, and by

opening all the apertures for receiving air, the maximum temperature

can be produced nearly immediately, and a very high tempera-

ture obtained more rapidly than in a wind furnace ; but this is of

little use, because, as heat passes very slowly into the substance

of a crucible, when the object is to fuse its contents it must be

heated gradually, so as to avoid running the risk of softening the

crucible before its contents were acted upon, or even scarcely made

warm.

Wind furnaces are, however, infinitely more serviceable and

economical than blast, because they work themselves, and do not

require the service of a man to attend to the bellows. A blast

furnace is useful in a laboratory, in certain cases, for instance, when

a single crucible has to be submitted to an intense heat, and when

the furnace is small and the bellows large, in which case the operation

resembles a blow-pipe assay.

In whatever manner the air is introduced into any kind of furnace,

either wind or blast, it is evident that the quantity of heat developed
in equal-sized furnaces depends upon the quantity of air introduced

in the same time : but the degree of temperature is not the same in

different parts of the furnace, and the distribution of heat varies

according to the manner in which the air is introduced into the

midst of the fuel. The side over which the air passes is kept cold by
the current, on which account fire-bars last a long time without

becoming oxidated, when the draught is stopped only when the fuel

is totally consumed ;
but the heat rapidly augments up to a certain
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distance from the bars, at which place it has arrived at its maximum ;

above that it diminishes rapidly, because the air is nearly deprived of

its oxygen. Experiment has proved that this maximum is about 2

to 3 inches above the bars or tuyeres.

In common wind furnaces the air enters by horizontal bars, which

form the bottom of the furnace, and the crucibles are placed on a

stand which rests on these bars. By this means, the lower and

centre part of the crucibles, and in which parts the matter to be

fused is placed, are exactly situated in the maximum of heat, but

the stand being constantly kept cold by the contact of a current of

air, establishes a continual draining or carrying away of heat from

the interior of the crucible outwards, so that the substance submitted

to assay can never arrive at the maximum temperature but after a

length of time, and then that maximum is always inferior to that in

the mass of fuel. It is on this account tf-at assays in a blast or wind

furnace generally occupy from one hour to two hours. I have found

that the time may be reduced to half that just stated, if a good solid

foundation of fuel be made, and the crucible placed on that, and

well surrounded by coke constantly kept close to the pot and the

sides of the furnace : in this manner the cooling effect of the stand

is removed, and the consequent maximum effect of the furnace

produced.

Lutes. The best fire Jute is that employed by Mr. Parker, and is

composed of good clay 2 parts, sharp washed sand 8 parts, horse-dung
1 part. These materials are to be intimately mixed ; and afterwards,

the whole is to be thoroughly tempered, like mortar. Mr. Watt's fire

lute is an excellent one, but is more expensive. It is made of finely

powdered Cornish (porcelain) clay, mixed to the consistence of thick

paint, with a solution of borax, in the proportion of two ounces of

borax to a pint of hot water.

It may be as well to mention in this part of the work the various

lutes which may be employed, either in fire operations, or in making

good joints in experiments with gases or liquids. The following are

the principal kinds :

1 . Fat lute is prepared by mixing dry clay, in a fine powder,
with drying oil, so that the mixture may form a ductile paste. When
this paste is used, the part to which it is applied ought to be very

clean and dry, otherwise it will not adhere.

2. Roman cement, which must be kept in well-closed vessels,

and not moistened until the instant it is required for use.

3. Plaster of Paris, mixed with water, milk, or weak glue, or
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starch water. These three lutes stand a dull red heat. The two

latter may be rendered perfectly impermeable to gaseous bodies by

being smeared over with oil, or a mixture of oil and wax.

4. Linseed or almond meal, mixed to the consistence of a paste

with water, milk, lime-water, or starch paste. This lute is very

manageable and impermeable, but does not withstand a heat greater

than about 500.

5. If just the sufficient quantity of water be added to quick-lime

to reduce it to a dry powder, and that is mixed well and rapidly

with white of egg diluted with its own volume of water, and the

mixture spread immediately in strips of linen and applied to the

part, then powdered with quick-lime, it forms a good cement.

Instead of white of egg, lime and cheese may be used, or lime with

weak glue water or blood. This lute dries very rapidly, becoming

very hard, and adhering strongly to the glass ;
but its great incon-

venience is the want of flexibility.

6. Whits lead mixed with oil. If the mixture be spread upon

strips of linen, or" bundles of tow, it acts much in the same manner

as the lime lutes.

7. Yellow ivax is often used as a lute, but it becomes very brittle

at a low temperature. It may be rendered less brittle, and at the

same time more fusible, by an admixture of one-eighth of crude

turpentine.

8. Soft cement is prepared by fusing yellow wax with half its

weight of crude turpentine and a little Yenetian red, in order to

colour it. It is very flexible, and takes any desired form under the

pressure of the fingers.

9. Resinous, or hard cement, is made by fusing together at the

lowest possible temperature 1 part of yellow wax and 5 or 6 of

resin, and then adding gradually 1 part of red ochre, or finely

powdered brick-dust, (plaster of Paris succeeds very well), and then

raising the temperature to 212 at least, until no more froth arises,

or agitation takes place, and stirring it continually until cold. This

cement is employed in a hot state. This lute is much used for fixing

brass caps, &c., to air jars.

10. Paper, covered with common glue, is occasionally employed.

11. Bladders cut in small strips are occasionally used in covering

other lutes when the pressure of gas is considerable, or when the

lute is subject to strain from any other cause. They are digested in

water until they become soft and flaccid
; they are then applied to the

part like a piece of pasted paper, by the pressure of the hand. These

strips adhere very strongly to glass or earthenware, and their adhesive
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power may be much augmented by smearing them with white of egg.

Lastly, the joints made in this manner may be made firmer by bind-

ing them with string or fine wire.

12. Caoutchouc. Tubes of this material form a very ready means

of attaching one piece of apparatus to another, and they possess the

peculiar advantage of flexibility, which allows the various parts of the

apparatus which they connect to move in different directions to a

slight extent, so that the whole is not so likely to be fractured as

when connected in an inflexible manner. Caoutchouc is also less

acted upon by gases and vapours than almost any other substance we

know; even chlorine attacks it but slowly, and it possesses the

valuable property of forming a perfect joint when freshly cut joints

are brought and pressed together : hence the facility with which it is

manufactured into tubes. The mode of manufacture is as follows :

Take a piece of the sheet caoutchouc of the required size, and warm

it either in the hand, or before a fire until it is perfectly soft ; then

place it around a glass rod of the requisite size, pressing the edges

close together with the fingers ; when close together, cut off the

superabundance with a sharp pair of scissors, and the newly cut edges

will unite by simple pressure of the nail. When well executed the

join is scarcely apparent. In order to prevent the caoutchouc from

adhering to the rods on which the tube is formed, a little moisture or

starch powder may be employed : vulcanised india-rubber tubing of

different sizes is also very useful.

When caoutchouc is not at hand, oiled paper may be substituted,

the joint being made with wax.

Paraday gives the following directions for luting iron, glass, or

earthenware retorts, tubes, &c., for furnace operations. When the

lute has to withstand a very high temperature, it should be made of

the best Stourbridge clay, which is to be made into a paste varying

in thickness according to the opinion of the operator. The paste

should be beaten until it is perfectly ductile and uniform, and a

portion should then be flattened out into a cake of the required

thickness, and of such a size as shall be most manageable with th

vessel to be coated. If the vessel be a retort or flask, it should be

placed in the middle of the cake, and the edges of the latter raised on

all sides, and gradually moulded and applied to the glass ; if it be a

tube, it should be laid on one edge of the plate, and then applied by

rolling the tube forward. In all cases, the surface to be coated

should be rubbed over with a piece of the lute dipped in water, for

the purpose of slightly moistening and leaving a little of the earth

upon it : if any part of the surface becames dry before the lute is
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applied, it should be re-moistened. The lute should be pressed and

rubbed down upon the glass successively from the part where the

contact was first made to the edges, until all air bubbles are excluded,

and an intimate adhesion effected. When one cake of lute has been

applied, and is not large enough to cover the whole required surface,

another must be adapted in a similar manner. Great care must be

taken in joining the edges, for which purpose it is better to make

them thin by pressure, and also somewhat irregular in form, and

if at all dry they should be moistened with a little soft lute.

The general thickness may be about one-quarter to one third of

an inch.

Being thus luted, the vessels are afterwards to be placed in a

warm situation, over the sand-bath or near the ash-pit, or in

the sun's rays. They should not be allowed to dry rapidly or

irregularly, and should be moved now and then to change their

positions.

To prevent cracking during desiccation, and the consequent

separation of the coat from the vessel, some chemists recommend the

introduction of fibrous substances into the lute, so as mechanically

to increase the tenacity of its parts. Horse-dung, chopped hay and

straw, horse- and cow-hair, and tow cut short, are amongst the number.

When they are used, they should be added in small quantity, and it

is generally necessary to add more water than with simple lute, and

employ more labour to ensure a uniform mixture. It is best to

mix the chopped material with the clay before the water is put to it,

and by adding the latter to effect the mixture, at first by stirring up
the mass lightly with a pointed stick or fork ; it will then be found

easy, by a little management, to obtain a good mixture without

making it very moist.

The luting ought to be made as dry as possible, consistent with

facility in working it. The wetter it is, the more liable to crack in

drying, and vice versa.

Mr. Willis recommends, when earthenware retorts, &c., are to be

rendered impervious to air, the following coating. One ounce of

borax is to be dissolved in half a pint of boiling water, and as much
slaked lime added as will make a thin paste. This composition
is to be spread over the vessel with a brush, and when dry,

a coating of slaked lime and linseed oil is to be applied. This will

dry sufficiently in a day or two, and is then fit for use.

Iron cement. This mixture is used for making permanent joints

generally between surfaces of iron. Clean iron borings or turnings
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are to be slightly pounded so as to be broken but not pulverized ;

the result is to be sifted coarsely, mixed with powdered sal ammoniac

and sulphur, and enough water to moisten the whole slightly. The

proportions are, 1 sulphur, 2 sal ammoniac, and 80 iron. No more

should be mixed than can be used at one time.

Cmcibk*, Cupels, do. The crucibles best known in commerce

are the Hessian, the Cornish, and the London
; the latter of which

are much to be preferred, on account of their general refractory

nature; they are also much better made than the two other kinds,

being much smoother and more regularly formed. They have the

form of a triangular pyramid, (see fig. 198, crucibles and cover),

FIG. 198. an<^ are made in such sizes that

they fit one into the other, forming

nests. The triangular form is very

convenient, because there are three

spouts, from either of which can

be poured the fused contents of

the pot. The Cornish crucibles are

circular, and do not stand changes

of temperature so well as the

London pots, neither can they en-

dure such an extreme of heat, for

they agglutinate and run together

at a temperature which does not

touch the others. The Hessian pots nre worst of all ; they do not

stand the least change of temperature without a certain fracture, so

that they require to be very carefully used. There is also another

kind of pot in use, made of the same material as the London crucibles,

termed a "skittle pot," from its resemblance, no doubt, to the

ordinary wooden skittle or nine-pin. They are exceedingly useful for

the fusion of large masses of matter, or such substances as boil or

bubble much when heated.

Crucibles in order to be perfect and capable of being used indif-

ferently for any operation, ought to possess the four following

qualities :

Firstly, not o break or split when exposed to sudden

changes of temperature ; secondly, to be infusible ; thirdly, to be

only slightly attacked by the fused substances they may contain ;

fourthly and
lastly, to be impermeable, or nearly so, to liquids and

gases. But as it is very difficult to unite all these qualifications,

various kinds of pots are made to fulfil one or more of them.

In order to render crucibles capable of withstanding changes of
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temperature without breaking, a certain proportion of substances,

infusible by themselves, is mixed with the pasty clay ; sand, flint,

fragments of old crucibles, black-lead and coke, are used for this

purpose. They are reduced to a state of division more or less fine,

according to the grain of the clay paste. For ordinary pots, the

powder ought not to be very fine
;

but for porcelain crucibles it

ought to be as fine as flour. The choice of these various bodies

depends upon the use for which the crucible is intended.

The most refractory crucibles are those made with the pure clays,

or such as contain little or no oxide of iron, and especially free from

calcareous matters. Amongst those clays, the best are those which

contain most silica; nevertheless, crucibles of pure clay are not

absolutely infusible, and in the high temperature of a wind furnace

they sometimes soften so much as actually to fall into a shapeless

mass. This defect, as before stated, can be in some measure

diminished by mixing with the clay a quantity of graphite or coke ;

either of these substances forms a kind of solid skeleton, which retains

the softened clay, and prevents its falling out of shape.

Coke and black-lead are more efficacious than sand, because they

have no action on clay, and because quartz forms a fusible compound
with it. If too large a quantity of black-lead or coke be employed,
it gradually consumes in the fire, and the pots become porous, and

break at the least movement. Wood charcoal can be used instead

of black-lead or coke, but is not so good, because it burns more

readily,

Black-lead crucibles are generally composed of 1 part of refrac-

tory clay, and from 2 to 3 of black-lead. These pots withstand all

possible changes of temperature without cracking, and their form is

rarely changed by the heat, not because they are absolutely infusible,

but because they are supported by the skeleton of graphite.

Black-lead being a very rare and expensive material, certain

artificial mixtures have been contrived ; coke seems to be the best

substitute. Those made by Marshall and Anstey are said to approach,

in many of their properties, to the ordinary blue pots. They are

made of Stourbridge clay and pulverized coke ; about 2 parts of

the former and 1 of the latter.

Crucibles into whose composition carbonaceous matters enter,

reduce any oxides that may be heated in them, and hence are incon-

venient in certain cases. They can, nevertheless, be employed in all

cases, by giving them a lining of clay, which must be tolerably

thick, and well dried before use.
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Earthen crucibles, which have not been baked at a white heat, are

more or less permeable to liquids and gases, according to the grain.

In order to render them impermeable to liquids, they must be heated

to such a temperature as will suffice to fuse the outside. When
treated in this way, however, they are very liable to crack with

sudden changes of temperature ; the best method, therefore, of

rendering them capable of containing water, &c., is to coat them with

the mixture of borax and lime, described as Willis's lute.

Resistance to Corrosion. In order that crucibles may resist

the corrosive action of the fused substances contained within them,

they must be as compact as possible, and the substance of which they

are made must have little or no tendency to combine with the fused

contents. The metals and their non-oxidated compounds neither

attack clay nor black-lead ;
but there are, nevertheless, some metallic

substances, galena, for instance, which without exercising any
chemical action on earthy matters, have the property of filtering

through their pores.

The readily reducible oxides gradually corrode black-lead crucibles,

and those pots in the composition of which coke enters, by burning

the carbonaceous matter. The greater portion of these same oxides,

the alkalies, earths, and glasses, which are the fusible silicates, borates,

&c., act more or less powerfully on the earthy base of all crucibles ;

so that these substances are the most difficult to keep in fusion for

any length of time. They attack the crucible layer by layer, dissolv-

ing the substance of which it is composed, and after a lapse of time

rendering it so thin that it cannot withstand the pressure of the

molten mass within it ; and the fracture of the pot, and consequent

loss of contents, is inevitable.

Impermeability. Under the same circumstances, all those cruci-

bles whose texture is loose are more readily corroded than those

with a firm compact body ; because the corrosive substance filters to

a certain depth in the former crucibles, and, in consequence, has a

larger surface to act upon than when it is contained in a compact pot.

Examination of Crucibles. Earthen crucibles may be assayed

by the time they will contain fused litharge, which exercises a very

corrosive action, honeycombing them in all directions, and those pots

which contain it longest without undergoing much damage may be

considered the best. However, this method of assay is not exact,

even by taking into account the thickness of the pot, for litharge

runs through crucibles ; firstly, because it is very fusible, and easily

filters through their pores ; and secondly, it has the property of
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forming fusible compounds with all the silicates by combining with

them. From these remarks, it will be evident that a crucible

whose grain is loose will readily allow litharge to pass through it,

however slightly its substance may be fusible or acted on ; or on the

contrary, it may be very easily acted on (even when absolutely infusi-

ble) with an extremely fine grain; so that the promptitude with which

a crucible is traversed by litharge bears no relation to its fusibility.

A crucible of pure quartz will be very readily attacked by litharge,

because it has much affinity for silica, and the simple silicates of

lead are all very fusible ; whilst a crucible composed of silica, alumina,

and lime, which by itself is very fusible, would be corroded less

rapidly, because the oxide of lead has much less affinity for the

earths than it has for the silica ; moreover, it forms less fusible

compounds with the earths than with silica alone. The assays of

crucibles made with litharge, if not of use in ascertaining their

degree of fusibility, fulfils perfectly its object when it is wished to

prove the resistance a crucible has to the corrosive action of various

bodies in a state of fusion ;
for of all fusible substances none exercise

such a powerful action on earthy matters as litharge.

Crucibles ought not only to resist the corrosive action of those

bodies they may contain, but also that of the ash produced by the

combustion of the fuel in which they may be placed. These ashes

being often calcareous, alkaline, or ferruginous, act on the clayey

part of the crucibles exactly as the fluxes. Erom whence it follows,

that those crucibles which contain litharge longest will also resist

the action of the fluxes best.

In order to ascertain the fusibility of a crucible, a direct experi-

ment must be made, either by heating a piece in a crucible lined

with charcoal, and ascertaining if its angles be rounded, if its sub-

stance has become translucid, &c. ;
or better still, by heating the

crucible to be assayed with another whose properties are well known .

As to permeability, it may approximately be ascertained by filling

two crucibles with water, and noting what length of time is required

to empty them completely : the crucible which contains it longest

by exudation is, of course, the least permeable.

To prove if a crucible be able to sustain great changes of tem-

perature without breaking, introduce it, perfectly cold, into a furnace

full of lighted coal ; take it out when reddish white, and expose it

to a current of cold air produced by a bellows or otherwise : if it

stand these trials, it may be heated afresh and plunged red hot into

water, and if it be not broken, placed immediately in the fire. The
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best pots support all these operations without breaking; but it often

happens that they are filled with innumerable small fissures, through
which fused matters can pass. This can be ascertained by fusing

rapidly in the assay pot a quantity of litharge ;
if these be present,

the fused oxide will readily filter through them.

Charcoal Crucibles. As all oxidated matters act very readily on

clay pots, and a great number of the metals and their compounds
adhere to them, they have long since been replaced, under certain

circumstances, by charcoal crucibles, which do not possess these dis-

advantages. The older assayers used merely a piece of charcoal,

with a hole made in it, and then bound round with iron or other

wire. The use of these has, however, been abandoned for some

length of time, and earthenware crucibles lined with charcoal have

been substituted (see fig.
J 99, a, b, and c}. These may be considered

as charcoal pots enve-

loped with refractory

clay ; they are solid, al-

ways free from cracks,

and easy of preparation,

and they have the same

properties as the solid

charcoal crucibles, with -

out their inconveni-

ences.

In order to prepare

these crucibles, the

charcoal mustbechosen

carefully, so as to contain no foreign substances; it must be

pulverized and passed through a sieve ;
the powder moistened with

water, mixed with a spatula, and then kneaded with the fingers until

it just adheres, and forms cohesive lumps without being sufficiently

wet to adhere to the hand. Some advise the addition of gum to the

water with which the charcoal is moistened ;
which addition is,

however, useless, water alone being sufficient to give a suitable con-

sistence to the charcoal lining. Crucibles are lined with charcoal

by the following method :

The crucible is moistened slightly by being plunged into water

and withdrawn as speedily as possible, and about J an inch in depth

of the charcoal paste, prepared as above, placed in it : the paste is

then pressed firmly down by means of a wooden pestle : the blows

are to be slight at first, and then increasing in force until it is as
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firm as possible : another layer is then applied and pressed as before,

and the process repeated until the crucible is quite full, taking great
care to render all as firm as possible, especially at the sides. In

order to make each layer adhere firmly to the other, they must be

scratched rather deeply with the point of a knife before a new layer

is applied. When the crucible is completely filled, a hole is to be

scooped in the charcoal, of about the form of the pot. The sides

are then rendered smooth by fiiction with a glass rod. This is

absolutely necessary, so that the metallic globules produced in an

assay may not be retained by the asperities of the lining, but may be

readily enabled to unite into one button. When a lined charcoal

pot is well made, its sides are very smooth and shining. For ordinary

use, the lining may be fibs of an inch thick at the bottom, and -^th

or so at the sides
;
but in some cases, for instance when the substance

to be fused is capable of filtering through the lining and attacking

the pot as a flux, it must be at least twice the above thickness in

every part.

As before stated, in the article on Reduction, lined crucibles have

many advantages over plain crucibles. The lining gives them greater

solidity, and prevents a loss of shape when softened ; for plain cru-

cibles are always three-fourths empty when their contents are fused :

on account of contraction in volume, the pots then have nothing
to sustain their sides when they soften towards the end of the assay,

at which period the highest temperature is employed. Besides,

vitreous matters do not penetrate the lining, and, exercising no ac-

tion on it, can be obtained in a state of purity, and the exact weight

determined : if fused in a plain pot, the weight could not be ascer-

tained, because a portion would adhere to the sides, and the resulting

mass would not be pure, having taken up a portion of the crucible

in which the fusion was effected.

The lining, too, effects the reduction of certain metallic oxides by

cementation, and does away with the necessity of adding powdered

charcoal to the body to be reduced. This property is very valuable,

because, when an oxide is reduced by mixing it with charcoal, an

excess must always be employed, and which excess remains with the

metal, and prevents us from obtaining its exact weight.

In certain particular experiments crucibles are lined with other

bodies besides charcoal, such as silica, alumina, magnesia, or chalk,

by merely moistening their respective powders with water, and ap-

plying the paste as above described for the charcoal. A slight

layer of chalk lessens the liability of attack from fused litharge.
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Malleable iron crucibles are often very serviceable in assays of

fusibility, and of certain seleniurets and sulphurets, as in assays of

galena or ordinary lead ore. They are either made of hammered

sheet-iron, or by plugging up small iron tubes, as gun-barrels, &c.

The latter are preferable, because thick solid crucibles can be used

a number of times, whilst the others are necessarily very thin, and

can be used only once. Whenever iron crucibles are employed at a

very high temperature they must be placed in those of earthenware,

which protect them from the oxidating action of the air ; but when

they are not heated above the temperature of a copper assay, they

may be used naked, if they are tolerably thick.

For assays at the above temperature, cast iron crucibles may be

employed with advantage, instead of wrought iron, because they are

very nearly as good, and much less expensive.

Cupels and Scarifiers. Cupels are vessels in which the operation

termed cupellation is carried on. They are made of such substances

as are not acted upon by certain fused oxides, as those of lead or

bismuth, and their texture is sufficiently loose to allow those oxides

to penetrate their substance readily, and yet be sufficiently strong to

bear handling without breaking.

There are a great number of substances of which cupels can be

made, which will fulfil all these conditions, but only one is in general

use, viz. : the ash of burnt bones. The powdered and sifted ash is

washed repeatedly with water, to remove all saline and extraneous

soluble matter ; and, lastly, dried. It now consists principally of

pure phosphate of lime, with a little carbonate partially decomposed.
It is sometimes made into a paste with water, but I have found beer

to answer much better. The following are the proportions 1 employ :

4 Ibs. of bone-ash, and J Ib. of beer. The above mixture is just

FIG. 200. sufficiently moist to adhere strongly when well

pressed, but not so moist as to adhere to the finger

or the mould employed to fashion the cupels, The

mould (fig. 200), consists of three pieces, one a

ring, 1), having a conical opening; another, a pestle,

, having a hemispherical end fitting the larger

?> ^^5^^| opening of the ring, and the third, c, a piece of

turned metal, into which I fits ; c serves to form

an even bottom to the cupel. In order to mould

the cupels, proceed as follows : Place the ring on

the lower piece c, and fill it with the composition ; then place the

pestle upon it, and force it down as much as possible : by this means
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the moistened bone-ash will become hardened, and take the form of

the pestle ; the latter must then be driven as much as possible, by

repeated blows from a hammer, until quite home. It is then to be

turned lightly round, so as to smooth the inner surface of the cupel,

and withdrawn ; the cupel is removed from the mould by a gentle

pressure on the narrowest end. When in this state the cupel must

be dried gently by a stove ; and lastly, ignited in a muffle, to expel

all moisture. It is then ready for use.

There are two or three points to attend to in manufacturing the

best cupels. Firstly, the powdered bone-ash must be of a certain

degree of fineness ; secondly, the paste must be neither too soft nor

too dry ; and thirdly, the pressure must be made with a certain degree

of force. A coarse powder, only slightly moistened and compressed,

furnishes cupels which are very porous, break on the least pressure,

and allow small globules of metal to enter into their pores ;
this last

is the most serious inconvenience of all.

"When, on the contrary, the powder is very fine, the paste moist

and compressed strongly, the cupels have much solidity, and are

porous, the fine metal cannot penetrate them, and the operation

proceeds very slowly : besides, the assay is likely to become dulled,

and incapable of proceeding, without a much higher degree of tem-

perature being employed.

Scarifier. A scorifier (fig. 201), is a vessel made much in the

FIG. 201.

shape of a cupel, but of crucible earth. Its use will be explained

under the head Silver Assay.

Methods of Measuring the Heat of Furnaces. As much of

the accuracy of an assay depends on the temperature at which it is

made, and the temperature required varies with the metal, it is very

desirable to possess some means of ascertaining the heat of the furnace
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more accurately than by the eye. Many have devised instruments

for this purpose. The chief inventors are Mr. Wedgwood and

the late Professor Daniell, of King's College. The instruments

are termed pyrometers, and both of those just mentioned will be

described, and their peculiarities and use pointed out; commencing
with Wedgwood's.

This pyrometer is constructed on the principle that the purest clay

is contracted in proportion to the heat applied to it. This contrac-

tion is occasioned by its giving up water, which it holds with

great tenacity, by exposure to a high temperature. It is composed
of two parts ; of a gauge which serves to measure the degrees of

heat, and of small pieces of clay which are employed to ascertain

the same degrees by their contraction. The gauge is formed of a

plate of brass, with two rulers of the same substance* firmly fixed to

it. The two rulers are 24 inches long, and fixed in the plate T% ths

of an inch asunder at one end, and -fcths of an inch at the other ;

so that the distance between the two rods gradually diminishes, and

the whole diminution amounts to -roths of an inch. The ruler

is divided into 240 equal parts, each of which measures TVth of an

inch.

To form the pieces by whose contraction the heat is measured,

the finely powdered and sifted clay is mixed with water, and the paste

made to pass through an iron tube; it is then cut into cylinders of

a suitable length. When these pieces are dry they must be adapted

to the zero of the gauge. When this pyrometer is used, one of the

pieces of clay is placed in the furnace whose temperature is to be

ascertained, and when it has experienced the utmost extremity of

the heat, it is withdrawn and allowed to cool. Then it is placed in

the gauge, and passed between the two rulers until it will go no

further : the degree of heat is then calculated from the contraction

which it has undergone.

The following is a table drawn up by Mr. Wedgwood of some

of the corresponding degrees of his pyrometer with those of the

Fahrenheit thermometer.

Wedgwood. Fahrenheit.

Red heat, visible by daylight . . 1077

Copper melts . . . , .57 4587

Silver melts . . . . .28 4717

Gold melts ..... 32 5237

Cast iron melts 130 17977

Greatest heat of wind furnace . 160 21877
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The indications of this pyrometer are, however, very inaccurate,

from the fact that clay will contract as much by the long continuance

of a low heat, as by the short continuance of a high one. Hence

the degrees of heat measured by Wedgwood's pyrometer have been

enormously exaggerated. It was long since noticed that it does not

produce comparable effects ; and this was supposed to proceed wholly

from the impossibility of obtaining clay perfectly alike for each

experiment.

This led M. Guyton* to propose another form of pyrometer, which

is essentially the same as Professor Daniell's. The only difference in

the latter is its more perfect construction. It is composed of a rod

of platinum simply laid in a groove made of refractory clay, and

baked in the highest degree of heat. This rod rests at one end on

the edge which terminates the groove, and at the other on a lever

with two arms, the larger of which forms a needle on a graduated

arc of a circle ; so that the removal of this needle from its position

marks the additional length which this metal acquires by the heat.

I will now give Professor Daniell's description of his own pyrometer ;

and the resemblance between the two will be at once seen.

" It consists of two parts, (see fig. 202), which may be distin-

FIG. 202.

guished as the register and the scale. The register is a .solid bar of

black-lead earthenware highly baked. In this a hole is drilled, into

which a bar of any metal, a, six inches long, may be dropped, and

which will then rest upon its solid end. A cylindrical piece of

* Anuales de Chimie, vol. xlvi. p. 276.
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porcelain, I, called the index, is then placed upon the top of the bar,

and confined in its place by a ring or strap of platinum passing round

the top of the register, which is partly cut away at the top, and

tightened by a wedge of porcelain. When such an arrangement is

exposed to a high temperature, it is obvious that the expansion of

the metallic bar will force the index forward to the amount of the

excess of its expansion over that of the black-lead, and that when

again cooled it will be left at the point of greatest elongation. What

is now required is the measurement of the distance which the index

has been thrust forward from its first position, and this, though in

any case but small, may be effected with great precision by means of

the scale, c"*
This is independent of the register, and consists of two rules of

brass accurately joined together at a right angle by their edges, and

fitting square upon the two sides of the black-lead bar. At one end

of this double rule, a small plate of brass projects at a right angle,

which may be brought down upon the shoulder of the register formed

by the notch cut away for the reception of the index. A movcable

arm is attached to this frame, turning at its fixed extremity on a

centre, and at its other carrying the arc of a circle, whose radius is

exactly five inches, accurately divided into degrees and thirds of a

degree. Upon this arm, at the centre of the circle, another lighter

arm is made to turn, one end of which carries a nonius with it, which

moves upon the face of the arc, and subdivides the former graduation

into minutes of a degree ; the other end crosses the centre, and

terminates in an obtuse steel point, turned inwards at a right angle.

When an observation is to be made, a bar of platinum or malleable

iron is placed in the cavity of the register ; the index is to be pressed

down upon it, and firmly fixed in its place by the platinum strap and

porcelain wedge. The scale is then to be applied by carefully

adjusting the brass rule to the sides of the register, and fixing it by

pressing the cross piece upon the shoulder, and placing the moveable

arm so that the steel part of the radius may drop into a small cavity

made for its reception, and coinciding with the axis of the metallic

bar. The minute of the degree must then be noted which the nonius

indicates upon the arc. A similar observation must be made after

the register has been exposed to the increased temperature which it

is designed to measure, and again cooled, and it will be found that

the nonius has been moved forward a certain number of degrees or

* Darnell's Chemical Philosophy, p. 111.
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minutes. The scale of this pyrometer is readily connected with that

of the thermometer by immersing the register in boiling mercury
whose temperature is as constant as that of boiling water, and has

been accurately determined by the thermometer. The amount of

expansion for a known number of degrees is thus determined, and

the value of all other expansions may be considered as proportionate.

We shall now see, by comparing the indications as determined by
this pyrometer with those of Wedgwood, to what an enormous

extent those of the latter were wrong.

By Daniell's, the melting point of cast iron has been ascertained

to be 2786, and the highest temperature of a good wind furnace,

3300 Fahrenheit, points which, as the table before mentioned

shows, were estimated by Mr. Wedgwood at 17977 and 21877

respectively.

The following is a list of the melting points of some of the metals ;

and it is obvious that in an assay of each particular metal the

temperature employed must exceed by a considerable number of

degrees its melting point. The table is, therefore, very useful.

Fahrenheit.

Tin melts at ...... 422*
Bismuth . ^'.^ . . . . .497
Lead , / -

'

**: 61^

Zinc ;."
' :^ 773

Cadmium . .

"

. *

"
. . 442

Silver .... . . . 1860

Copper . . . . Y . .1996

Gold 2016

Cast iron 2786

Cobalt and Nickel rather less fusible than iron.

CHAPTER VI.

THE FLUXES, THEIR COMPOSITION, MODE OF PREPARATION, AND USE.

IN some of the operations in the dry way, bodies are heated in

suitable vessels per se ; but more often it is necessary to add to

the bodies submitted to assay other substances, which are varied

* Daniell.
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according to the nature of the change to be effected. As these

substances generally determine the fusion of the body to which they

are added, they are termed fluxes, or fusing agents ;
but this name

cannot be applied to all of them with exactitude.

They are generally divided into five classes : 1 . reducing agents ;

8. oxidising agents \
3. desulphurising agents ; 4. sulphurising

agents ;
and lastly, fluxes properly so called.

EEDUCING AGENIS.

All the substances belonging to this class have the power of

removing oxygen from those bodies with which it may be combined.

They are as follows :

1. Hydrogen gas.

. Charcoal.

3. The fat oils, tallow, and resins.

4. Sugar, starch, and gum.
5. Tartaric acid.

6. Oxalic acid.

7. Metallic iron, and lead.

Hydrogen Gas (H). This body is so termed because in com-

bining with oxygen it forms water. The most common method of

preparing this gas consists in dissolving zinc in dilute sulphuric acid.

It is invisible and colourless when absolutely pure, and is the lightest

body in nature. It is a most powerful reducing agent, and reduces

a great number of metallic oxides at a redder white heat; viz. the

oxides of lead, bismuth, copper, antimony, iron, cobalt, nickel,

tungsten, molybdenum, and uranium. "When any metal is required

in a state of absolute purity this is the only reducing agent admis-

sible, as all others give the metal combined with a certain proportion

of carbon.

Carbon (C). Perfectly pure carbon is exceedingly rare in nature.

It is found in large quantities in the mineral kingdom combined

with other bodies. In a perfect state of purity it constitutes the

diamond. The diamond, like all other species of carbon, is unacted

on by the highest possible temperature when in close vessels. It

burns in atmospheric air and oxygen gas, but requires a higher

temperature than ordinary charcoal. After the diamond the most

remarkable and purest species of carbon are :

Firstly. Black-lead or Graphite. This is a mineral found in beds

in the primitive formations, principally in granite and mica-schist.
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The purest at present known is found at Borrowdale in Cum-

berland.

Secondly. Anthracite is another species of fossil carbon much

resembling ordinary coal, but differing from it by burning with

neither smell, smoke, nor flame.

Thirdly. Coke is the residue of the coal employed in the gas works

after all the volatile matter is expelled. It is generally iron black,

and has nearly a metallic lustre : it is difficult to inflame, and burns

well only in small pieces, but gives a very intense heat: oven or

furnace coke is preferable, as it is much harder, lasts longer, and is

more economical in use.

Fourthly. Wood Charcoal is obtained by burning the woody

part of plants with a limited supply of air, so as to drive off all their

volatile matters, and leave merely their carbon. It is this kind that

is generally employed in assays. It ought to be chosen with care,

well pulverized, passed through a sieve and preserved in well-stopped

vessels. Wood charcoal is never perfectly pure, it generally contains

a proportion of hydrogen and watery vapour : these bodies are not

exactly prejudicial, but in some experiments they ought not to be

present : in that case pure charcoal may be readily procured by

heating sugar to redness in a close crucible.

Charcoal by itself possesses two inconveniences : firstly,
it has the

property of combining with many metals ;
&nd in the second place

it is infusible, and cannot combine with vitreous substances. The

property it possesses of combining with iron, nickel, cobalt, &c., is

of no consequence to the assayer, for the increase of weight it gives

is not material, excepting under the circumstances to be hereafter

pointed out : but its infusibility and inability to combine with fluxes

is a very serious inconvenience
;

for after the reduction, that por-

tion which has not been consumed remains disseminated with the

grains of metal in the fused slag, and prevents the separation of all

the metal, and the consequent formation of a good button : a large

quantity of charcoal can thus irreparably injure an assay. This

inconvenience does not happen, however, when an oxide is reduced

by cementation in a lined crucible ; but there are some cases in which

its employment is inadmissible.

In default of charcoal, coke may be employed, but it must be

chosen wilh much care, for it often contains a very large proportion

of earthy and other extraneous matters, (more particularly sulphur,

which in most cases is very injurious) ;
so that before use it is

necessary to burn a quantity, in order to ascertain their amount and
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composition, and that coke ought only to be used which gives nearly

white ashes, and which contains no more than a few per cents. Coke

is never so good as wood charcoal as a reducing agent, because it

burns more slowly by combining less rapidly with oxygen. When
it is used the temperature employed for an assay must be much

increased.

Coal is nearly always inconvenient, because it swells by heat ;

nevertheless as it is not required in very large quantity it is sometimes

employed, being previous to use finely powdered and sifted.

THE FAT OILS, TALLOW, AND RESINS.

The Fat Oils. The name oil is generally given to those bodies

that are fat and unctuous to the touch, more or less fluid, insoluble

in water, combustible, and forming soaps with alkalies. They all

congeal and become solid at various degrees of temperature. There

are even some which, in the temperature of our climate, have con-

stantly a solid form ; as butter, palm oil, cocoa nut oil, &c.

Fixed oils have a very marked unctuosity ; they neither dissolve in

water nor alcohol, and take fire at a heat capable of reducing them

to a state of vapour. Their density is from "915 to '940, and the

boiling temperature about 600. When distilled, they are decom-

posed, disengaging margaric and oleic acids, &c., then an empyreu-

matic oil, and lastly a yellowish red substance, and leaving about

2 per cent, of charcoal. When heated to a higher temperature than

their poiling point, they are very nearly wholly resolved into an

inflammable gas.

According to MM. Gay-Lussac and Thenard, these oils consist of :

Carbon .... '77213

Oxygen .... '09451

Hydrogen .... -13336

1-00000

Tallow is an animal product analogous to the fat oils both in

chemical composition and properties; it is soft but solid, white,

translucid, and granular. According to Chevreul, mutton fat is

composed of :
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Carbon . . . . -78876

Oxygen .... '11790

Hydrogen , . . -09334

1-00000

The BesiHS.The greater part of the resins are solid; but some

are soft. They are brittle, with a vitreous and shining fracture, and

often transparent. They are very fusible, but cannot be raised to

their boiling point without partial decomposition. They give an

acid water, an empyreumatic oil, and combustible gas by distillation,

leaving a variable proportion of charcoal.

Colophony has the following composition :

Carbon .... -75944

Oxygen .... '13338

Hydrogen .... -10718

1-00000

Although all the bodies just mentioned consume in their combus-

tion a large quantity of oxygen, they cannot generally effect the total

reduction of on oxide, on account of their volatility ; so that before

the temperature at which the reduction takes place can be attained,

the greater part of the reducing agent has been expelled. They

generally act only by virtue of the small carbonaceous residue pro-

duced by the action of heat ;
so that their use is very limited and

uncertain. Whenever they are employed as reducing agents, without

covering the substance, a loss is experienced, on account of the

bubbling and boiling caused by their decomposition : this will always

take place, unless the contents of the crucible be covered with

charcoal powder. Oils are very serviceable in the reduction of a

large mass of oxide by cementation : in this case, after the oxide has

been placed in the crucible, as much oil is added as the oxide and

the lining of the crucible will soak up. Eat or resin is also used to

prevent the oxidation of the surface of a metallic bath, (as in the

fusion of bar-lead samples), by reducing the film of oxide formed by
the action of the atmospheric oxygen.

SUGAR, STARCH, AND GUM.

These three bodies are so well known that a description is useless ;

so their use will merely be mentioned.
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All three have the same chemical composition, viz.

Carbon, / .

'

. . . 44-91

Hydrogen . . . . . 6-11

Oxygen ..... 48*98

100-00

Sugar in its decomposition by heat leaves a much larger proportion

of carbon than the oils, fats, or resins ; so that it would appear

serviceable as a reducing agent. There are some cases in which it

may be used with advantage^ but unfortunately it undergoes a great

increase in volume when heated, and is much agitated at the same

time, so that losses in an assay may occur by the use of this agent.

The charcoal of sugar is 'pure carbon, because it leaves no residue

when burnt; it is, therefore, preferable to wood charcoal, in cases

where no foreign matter should be introduced into the assay.

Starch. Common starch, well dried, and better still torrefied, is

employed with advantage as. a reducing agent, and is much preferable

to sugar as it neither fuses, swells up, nor spirts, and in many cases

is even preferable to charcoal, because it is in such a fine state of

division that it can be more readily and intimately mixed with the

substance to be reduced.

Gum.- Decrepitates slightly by heat, softens, agglomerates and

boils, without spirting. The gums can be employed as reducing

agents under the same circumstances as sugar and starch, but

the two latter are preferable, because they contain no earthy sub-

stances.

Tartaric Acid (C4H2O5,HO=T,HO). When heated in close

vessels it fuses and bubbles very strongly, and decomposes, giving off

combustible gases, leaving a little charcoal. It burns when heated

in contact with air, giving rise to a peculiar and not unpleasant odour.

This acid is the reducing agent in the cream of tartar, or argol,

(KO,T,HO,T,) of which so frequent use is made ; but the acid is

never employed by itself.

Oxalic acid (C2 3,HO). Fuses at a temperature of 208 without

decomposing, but when heated to 230 it is decomposed, giving rise

to 6 parts of carbonic acid, 5 parts of carbonic oxide, and a little

formic acid vapour ; and when heated strongly, some portions are

volatilized without decomposition : it never leaves a carbonaceous

residue.
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The anhydrous acid consists of:

Carbon ,
V V V . '3376

Oxygen J.
,

.' . . '6624

1-0000
The crystallized acid consists of :

Carbon .' ,' ,

'

. -1904

Oxygen / / . . -3811

Water -4285

1-0000

The property which oxalic acid possesses of not leaving a residue

would render it remarkably valuable for the reduction of the metallic

oxides in cases where the slightest trace of carbon is to be avoided,

if its reducing power were greater ; but it decomposes at a low

temperature, and in burning absorbs but a small quantity of oxygen,

especially when it has not been dried, so that even for the most easily

reducible oxides a large proportion must be employed. When it

is combined with a base, as potash in the salt of sorrel, (KO,OHO,O),

(binoxalate of potash) its reducing power is much augmented, and

it is rendered much less volatile.

Oxalate ofAmmonia (NH40,O). When heated in close vessels,

it is decomposed and furnishes oxamide. The reducing power is

nearly double that of oxalic acid.

Comparative Reducing Power of the above Fluxes. In order

to give an idea of the comparative reducing power of the fluxes just

described, I will give the result of some assays made on them by

Berthier, by means of litharge.

By heating the same weight of each reducing agent with an excess

of litharge, buttons of lead were obtained, whose weights were pro-

portional to the quantity of oxygen absorbed, and by comparing them

with each other the reducing power of each flux is given ; by taking
for unity the weight of the re-agent, calculation has proved that 1

part of pure carbon reduces from litharge 34-31 of lead. The

following are the results of some experiments :

Pure carbon .... 34'31

Hydrogen . 7
*

. . 104'00

Calcined wood charcoal . . 31*81

Ordinary wood charcoal . . 28*00
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Animal oil .... 17' 10

Resin 14-50

Amber resin . 30-00

Tallow . . . .' . 15-20

Sugar 14-50

Common starch . . . 11*50

Torrefied starch . . . 13'00

Gum arabic . . . . ll'OO

Tartaric acid . / .' . 6*00

Oxalic acid . / .*

'

"90

Oxalate of ammonia . . .170

It must be borne in mind that these numbers do not represent,

the quantities of oxygen each re-agent would absorb in complete

combustion ;
but that it only indicates the quantity of metal pro-

duced from those oxides reduced about the same temperature as

oxide of lead.

In assaying, however, it is rarely that these agents are used by

themselves : they are generally mixed with a flux properly so called,

and under the head of Reducing Eluxes they will be more particularly

described.

Metallic Iron (Ee). This metal removes oxygen from the oxides

of lead, bismuth, copper, &c., but is rarely added for that especial

purpose ; and when it does produce this effect, it is generally secondary,

because it previously existed in the matter subjected to assay, or was

added for some other purpose.

Metallic Lead (Pb) .Reduces but a very small number of oxides,

but it reduces many to the minimum of oxidation ; it also decomposes
some sulphates and arseniates.

OXIDISING AGENTS.

The oxidising agents in general use are as follows

1. The oxygen of the air.

2. Litharge and ceruse.

3. Silicates and borates of lead.

4. Nitrate of potash.

5. Nitrate of lead.

6. Peroxide of manganese.
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7. Oxide of copper.

8. Peroxide of iron.

9. The caustic alkalies.

10. The alkaline carbonates.

11. The sulphates of lead, copper, and iron.

12. Sulphate of soda.

Oxygen (0) has never yet been obtained as a liquid or solid,

although some of the recent experiments of Faraday tend to prove

that it may yet be liquefied, if not solidified. Its general form, how-

ever, is gaseous ;
and it is under this form it is contained in the

atmosphere, of which it constitutes one-fifth. In order to obtain the

gas, we cannot act directly on the atmosphere, but must make use of

certain metallic oxides which are reducible by heat, as the oxide of

mercury or peroxide of manganese. Oxygen gas has neither smell

nor taste, and is about one-tenth heavier than atmospheric air. It

has the property of forming compounds with nearly every body, and

its affinities are very energetic.

Atmospheric air consists of four-fifths nitrogen and one-fifth

oxygen. It acts on bodies in the same manner as oxygen, but much

less energetically.

LITHARGE AND CERUSE.

Litharge (PbO) is a fused protoxide of lead, and is generally

obtained from the silver lead works. It oxidises nearly all the

metals, excepting mercury, silver, palladium, platinum, &c., and

generally forms very fusible compounds with the oxides. These two

properties cause it to be a very valuable agent in separating silver and

gold from all the substances with which they may be mixed.

Litharge is essentially protoxide of lead, but is occasionally mixed

with a little of the red oxide ;
its presence is often not inconvenient,

excepting it is in large quantity ; it then becomes injurious, as it has

the property of oxidising silver. Ordinary litharge can be easily

freed from this oxide by fusing it and pouring it into a cold ingot

mould, then pulverizing and carefully keeping it from contact with

air, as it readily absorbs oxygen ; and if it be allowed to cool in the

atmosphere, it will nearly all be converted into the red oxide.

Ceruse (PbO,C02)
is a carbonate of the protoxide of lead. As it

does not contain the slightest traces of red oxide, it may be used

where the presence of that substance may be inconvenient ; but it is
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troublesome to use, as it is much lighter than litharge ; large vessels

must be employed in consequence : besides, it generally contains a

small quantity of acetate or sub-acetate of lead, and about 5 per cent,

of metallic lead separates from it when it fuses, which is, in some

cases, disastrous to the result of an experiment. "When ceruse is

employed, a certain quantity must be fused to ascertain if any metallic

lead be produced ;* and on the other hand, it must be examined to

ascertain if it be adulterated with sulphate of baryta. When it is

pure, it dissolves completely in acetic or nitric acid.f

ACTION OF OXIDE OF LEAD ON THE METALS.

The following are the results of the experiments of Berthier on the

action exercised by oxide of lead on sulphur, selenium, tellurium,

arsenic, and the most common of the metals. The following experi-

ments were made in a furnace capable of producing heat enough for

a copper assay.

Sulphur. Oxide of lead is completely reduced by sulphur, with

the formation of sulphurous acid, bat not a trace of sulphuric acid :

thus S+ 2PbO=2Pb+ S02 .

Selenium is dissolved by oxide of lead in all proportions ; but

these bodies exercise no action on each other.

Tellurium is strongly attacked and converted into telluric acid,

and combines with the oxide of lead when the latter is in excess

(Te+ 4PbO=3Pb+ PbO,Te03). If the contrary be the case, the

excess of acid is volatilized and telluret of lead produced (thus

2Te+ 3PbO= TeSPb + Te03 )
.

Arsenic. When metallic arsenic is heated with litharge, if the

latter be employed in great excess, all the arsenic is oxidated (As -f 3

PbO= As2O3 4- 3Pb) ; if not, a part only is oxidized, and lead reduced :

the remainder volatilizes or forms an arseniuret of lead. (For nature

of reaction refer to the preceding metal, Tellurium) . Mixtures of :

1. 2. 3.

Arsenic . . 75-24 37'60 9'40

Litharge . 111-60 111-60 111-60

gave: No. 1, a lamellar metallic button, and a compact vitreous

* Berthier.

t I have never yet met with a sample which produced metallic lead on fusion.
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slag of a fine orange-colour. The fusion was accompanied by a con-

siderable arsenical smoke.

No. 3, a semi- ductile metallic button, with a lamellar fracture,

like galena, but not so blue, and a transparent vitreous orange-

coloured slag.

The third, a button of lead and a deep olive-green slag, very crys-

talline, and in large plates. This fusion was not accompanied by
smoke. It is probable* that arsenious acid is formed in these

reactions : the last slag contained about a fifth of its weight.

Lead reduces, in part, arsenious acid ; in the same manner,
arsenic partly reduces oxide of lead.

Arsenious acid . . . 12'40 \/tv-
Lead 38'80 .

produced in fusing a very arsenical vapour, and produced 32 parts

of arseniuret of lead, which was deep grey, semi-ductile, and had a

granular fracture : a fine orange-yellow vitreous arsenite of lead was

also produced.

Antimony. The two following mixtures of antimony and

litharge :

1. 2.

Antimony . , .10 10

Litharge . . .40 80

gave (No. 1), 23 parts of lead, and a compact, well-fused slag, of a

topaz yellow colour, which contained rather more than one-third of

its weight of protoxide of antimony (Sb+ 3PbO= SbO3+ 3Pb) . The

second gave 26 parts of lead, and a very fluid glass, which cooled

rapidly, was opaque, and like yellow wax ; it contained :

Oxide of lead . . . .52
Protoxide of antimony . . 11 '86

Tin. This metal, cut into small fragments, was heated with the

following quantities of litharge :

Tin - . .10 10 10

Litharge . 37'5 80 120

The first mixture gave a slaggy substance, of dull grey colour, not

well fused, with globules of lead at the lower part.

The second mixture gave 26 of lead, and a semi-fused slag, com-

pact and opaque, the colour yellowish-grey. It contained ;
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Oxide of lead . . . .52
Protoxide of tin . . . .11*4

The third mixture produced 26.8 of lead, and a very fluid slag,

which was compact, opaque, and greyish yellow, with a granular

fracture (Sn -f- PbO= SnO -f Pb) . It contained :

Oxide of lead .... 97'0

Oxide of tin . . . .11*4

Zinc 10 parts of zinc filings and 100 of litharge were heated

together; as soon as the latter softened, action commenced. A
slight bubbling and flaming occasioned by the combustion of a portion

of the zinc took place, and on increasing the heat the mixture fused

completely. The result was a button of lead equal to 13 parts : it

was pure and ductile, and a crystalline slag, like litharge, opaque and

yellowish, but in small plates. This experiment proves that about

one-fifth of the zinc employed is volatilized, whilst the remainder

reduces the litharge (Zn+ PbO=ZnO+ Pb). The slag contains :

Oxide of lead . . , .877

Oxide of zinc . . . . 123

Bismuth. 20 of bismuth heated with 40 of litharge, gave a

ductile metallic button, tin-white, and weighing 24 '3, and a crys-

talline slag, like litharge.

Iron. M. Berthier heated metallic iron with litharge in the

following proportions :

Iron wire . . .10 10

Litharge . . . 100 160

The first mixture gave 40 of lead, and a pasty, compact, opaque

slag, of a deep metallic black-colour, and very magnetic, Ye -f PbO=
FeO+Pb. There was no metallic iron, but some globules of lead

were present. The slag contained about :

Oxide of lead .... 55-9

Oxide of iron . . . . 13'4

The second mixture gave a button of lead, weighing 46 -6, and

a very fluid, compact, opaque slag, with an unequal shining lustre,

deep-brown, and very magnetic. The slag contained nearly :

Oxide of lead . . . .110
Oxide of iron 13*4
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Copper. The following are the results obtained with different

mixtures :

Copper 15-8 15-8 15'8 15'8 15'8

Litharge 13'9 27'9 55'8 167'4 334'8

With the first mixture a button was produced ; copper-red on

the exterior, grey in the interior, weighing 17 parts, and a compact,

opaque, deep-red slag. It contained :

Oxide of lead . . . . 10'3

Suboxide of copper . . .2*4

and the button :

Copper ..... 13*6

Lead 3*4

The button produced by the second mixture was exteriorly copper-

red, and interiorly grey, spotted with red; it weighed 17*8, and

the slag was compact, reddish-brown, and opaque. The slag

contained :

Oxide of lead .... 22'3

Suboxide of copper . . . 3'6

and the button :

Copper .
: . .

jv,
- 12-4

Lead . . . ', ''. / ;

. . 5'2

The third mixture gave a button similar to the last, weighing 1 8,

and a compact, opaque, reddish-brown slag. It contained :

Oxide of lead 49-8

Suboxide of copper . . .3*8

The button was composed of :

Copper . . . . .12-4

Lead 5'6

With the fourth mixture, a button weighing 25 '6 was produced,

and a slightly crystalline, reddish-brown slag, which contained :

Oxide of lead . . . 151*28

Suboxide of copper . . 10'32

and with the fifth, a grey metallic button, weighing 23'6, and a
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crystalline slag in large plates, like litharge, yellowish-green and

reflecting red. The analysis of the button gave :

Copper 3-6

Lead 20'0

and the slag contained :

Oxide of lead . , . 313-28

Suboxide of copper ., . 13 '72

While on this subject, it may be as well to point out the action of

the oxides of copper upon lead.

The oxide is speedily reduced to the state of suboxide by
excess of lead. If the lead be not in excess, it is totally oxidised,

reducing a corresponding quantity of the oxide to the minimum of

oxidation.

The oxide is reduced to the metallic state by lead, but not

completely, because a certain quantity is taken up by litharge. The

following mixtures have been made the subject of experiment :

Metallic lead . . 25*9 259 25*9 38*8 51'8

Suboxide of copper . 19'8 14'9 9'9 9'9 9'9

All of these gave an imperfect alloy of copper and lead, and a

very fusible slag composed of oxide of lead and suboxide of copper.

The first produced a very small globule of copper and a very fluid

slag, having a much greater tendency to run through the body of a

crucible than litharge. Cooled slowly, it was reddish-brown, opaque,

and had a lamellar texture. It was composed of :

Oxide of lead .... 27'9

Suboxide of copper . . .17*8

The second mixture produced a button of copper weighing 4*4,

and a deep reddish-brown slag composed of :

Oxide of lead .... 27'7

Suboxide of copper . . .87

The button gave :

Copper .
, . . . .4-1

Lead . . 0'3
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The third gave a metallic button weighing 8'8, and a deep-red,

opaque slag, which contained :

Oxide of lead . . . . 24-89

Suboxide of copper . . .2*11

The button contained :

Copper . , . . . 5*9

Lead 2'9

In the fourth and fifth mixtures, buttons weighing 21'2 and 34'8

were produced, together with slags similar to the preceding, and

containing about 8 per cent, of suboxide of copper.

Silicates (Pb,OSiO3 ) and Borates (PbO,BO3) of Lead behave

as litharge, but they oxidise less rapidly. They may be prepared by

fusing together 1 part of silica, or boracic acid, with 1 part of litharge.

The borates are more fusible than the silicates, but their use is

attended with an inconvenience \ they swell very much in fusing.

Nitrates of Potash (KO,N05 )
and Soda (NaO,N05 )

fuse at a

temperature below redness without alteration, but when heated more

strongly, they lose oxygen and become nitrites. If silica be present,

they are still further decomposed. The action of these salts is very

energetic, because they have a great tendency to decompose, and

because they contain a large quantity of oxygen. They are used as

oxidising agents in the purification of the noble metals, and for pre-

paring black, and some other fluxes. They ought always to be

employed in a state of purity.

Nitrate of Lead (PbO,NO5), acts much in the same way as the

two last mentioned salts. It is prepared by dissolving litharge in

nitric acid, and crystallizing the solution.

Peroxide of Manganese (Mn02) ,
is easily reduced to the state

of protoxide by many metals, and is a very powerful oxidising agent :

thus with lead, (Pb +MnO2
=PbO+ MnO) ; but is rarely employed,

because all its compounds are very infusible. It is employed oc-

casionally in the purification of gold and silver. It is found in great

quantity in Devonshire.

Oxide of Copper (CuO), is not employed as a flux, but is

often contained in substances submitted to assay ;
it then acts as an

oxidising agent. A great number of metals, even silver, reduce it

to the minimum of oxidation (thus Ag-f 2CuO=AgO+ Cu2O) : and

other metals, as iron, for instance, totally reduce it, (thus Fe-f CuO
-FeO-f Cu).
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Peroxide of Iron (Fe2O3 ). This, like oxide of copper, sometimes

acts accidentally as an oxidising agent.

The Caustic Alkalies are Potash (KO,HO) and Soda (NaO,HO).

They fuse below a red heat, and then volatilize sensibly at a higher

temperature; the vapours produced are abundant. Charcoal decom-

poses the water combined with potash and soda, converting the

hydrate into carbonate ; but an excess decomposes the carbonate, and

potassium or sodium is the product. Sulphur, phosphorus, &c.,

separate the water from their hydrates by decomposing it.

Carlonates of Potash (KO,CO2) and Soda (NaO,C02) are very

much employed as agents in the assay by the dry way. They have

the power of oxidising many metals, as iron, zinc, and tin, by the

action of the carbonic acid they contain. A part of it is decom-

posed, with the formation of carbonic oxide, and a compound is pro-

duced made up of alkali, carbonic acid, and the metallic oxide. When
fused with iron, a compact, granular, opaque body is produced,

which is deep- grey and very magnetic. With zinc, a white matter

is formed during the operation ;
a portion of the zinc volatilizes and

burns off. With tin, a very fluid, compact, crystalline, wax-yellow

substance is the result.

The alkaline carbonates attack neither lead, antimony, nor copper.

The Sulphates of Lead (PbO,S03), Copper (CuO,SO3 ), and

Iron (FeO,S03). These three salts oxidise the greater part of the

metals, even silver, (thus PbO,SO3+ Pb= 2PbO+ SO2)
. It is the

sulphuric acid which oxidises, giving off sulphurous acid. They are

used in certain processes in the assay of gold.

Sulphate of Soda (NaO,S03 )
is not used by itself as a re-agent,

but is often a product in many operations ;
it ia either formed in the

course of an assay, or because some of the bodies employed contain it.

On account of the great affinity of soda for sulphuric acid it only

oxidises those metals which combine with that element readily ; as

iron and zinc, for example.

DESULPHURISING RE-AGENTS.

1 . The oxygen of the atmosphere.

2. Charcoal.

o. Metallic iron.

4. Litharge.

5. The caustic alkalies.
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6. The alkaline carbonates.

7. Nitre.

8. Carbonate of lead. \J
9. Sulphate of lead.

The Oxygen of the Atmosphere (O) acts as a desulphurising

agent in roasting, combining with the sulphur present, forming sul-

phurous (2FeS2 -f 110= Fe/)3 -f 4S02 )
or sulphuric (CuS + 40=

CuO,SO3) acids, sometimes both.

Charcoal decomposes many sulphurets by taking their sulphur to

form sulphuret of carbon. It acts in this manner with the sulphurets

of mercury, antimony, and zinc .(2ZnS + C= 2Zn-f CS2). Never-

theless, it is only employed as an auxiliary to the desulphurising

power of the alkalies and their carbonates.

Iron separates sulphur from lead (PbS + Fe= Pb-fFeS), silver,

mercury, bismuth, zinc, antimony and tin, but only partially decom-

poses the sulphuret of copper. It is generally used in the state of

filings, or nails ; the latter are preferable, and ought to be kept free

from rust. Oxide of iron may be used if it be mixed with the

requisite quantity of charcoal to reduce it. Cast iron must not be

employed, as it has very little affinity for sulphur.

Litharge (PbO) exercises a very energetic action on the sulphurets,

even at a low temperature. If it be employed in sufficient proportion,

the sulphuret acted on is wholly decomposed. The sulphur is often

disengaged as sulphurous acid, and the metal remains alloyed with

the lead proceeding from the reduction of a portion of the litharge,

or combines as oxide with that portion of the litharge which is not

reduced. The quantity of litharge requisite for the decomposition of

a sulphuret is considerable, and varies according to its nature ; some

sulphurets require 34 times their weight. When less than the

requisite quantity is used, only a portion of the sulphuret is decom-

posed, and a corresponding quantity only of lead reduced, whilst

the remainder of the sulphuret forms, with the litharge and the

metallic oxide which can be produced, a compound belonging to the

class of oxi-sulphurets, which is generally very fusible. Oxide of

lead and the sulphurets are so strongly united in this class of com-

pounds, that galena, which is so readily attacked by pure litharge,

cannot separate the least portion of lead from an oxi-sulphuret when

the latter is saturated with sulphur ; and it may even be introduced

into such compounds without undergoing any alteration.

Many oxides, by combining with the oxide of lead, much diminish
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its decomposing action on the sulphurets. When litharge is heated

with sulphur, its decomposing action is limited by the chemical

affinity of that portion of sulphur which combines with it, and by the

affinity of the metallic oxide resulting from the partial decomposition

of the sulphuret. But by the addition of a suitable quantity of

litharge, the sulphuret which it contains will be wholly decomposed.

When the sulphurets have a very strong base, as an alkali or

alkaline earth, no sulphurous acid is given off by the action of

litharge, but all the sulphur is converted into sulphuric acid.

Litharge is a very valuable re-agent, and its use is nearly exclu-

sively confined to the assay of sulphurets containing the noble metals :

as in the estimation of such metals they are obtained as alloys of lead,

which are afterwards assayed by cupellation.

The following is an account of the behaviour of this re-agent with

the ordinary sulphurets.

Sulphuret of Manganese requires at least six times its weight of

litharge to produce a fusible compound, and thirty times its weight

to desulphurise it completely The sulphur and metal oxidize

simultaneously (MnS + 3PbO=MnO-fSO2+ 3Pb), and a protoxide

of manganese is formed, which partly peroxidizes, taking a brownish

tint in contact with the atmosphere. Berthier assayed the four

following mixtures :

Sulphuret of manganese . .5 5 5 5

Litharge . . . . 20 30 100 150

The first produced an infusible, greyish-black, scoriform mass, in

which small plates, having the look of galena, could be discovered.

It is composed of the sulphurets and oxides of manganese and lead.

Much sulphurous acid is given off during the operation.

The second fused to a soft paste, and gave 17 '5 of lead, and a

compact, vitreous, opaque slag, of a very deep brown colour. The

slag contained about half its weight of sulphuret of manganese.

The third fused readily, and produced 31*5 of ductile lead, and a

transparent, vitreous slag, of a deep hyacinth red.

The fourth produced 33 '1 of lead, exceedingly ductile, and the

desulphurisation was complete.

Sulphuret of Iron. Thirty parts of litharge are sufficient to

scorify protosulphuret of iron ; the metal is converted merely into the

protoxide (EeS + 3PbO=FeO+ S02+ 3Pb) .

Th,e four following mixtures :
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Protosulphuret of iron . .10 10 10 10

Litharge . . ,^;- . 60 125 250 300

gave, from the first a pasty, scoriforin mass, colour metallic grey,

and very magnetic. It was composed of the sulphurets and protoxides

of iron and lead.

The second, a very fluid metallic black slag, very magnetic, opaque
and possessing great lustre, and 36 of lead.

The third, a compact, vitreous, transparent slag, of a fine resin-red,

and 67 of lead.

And the last, a similar slag to the former, but containing no

sulphur, and 70 of lead.

"When native iron pyrites was treated with the following propor-

tions of litharge (FeS2 +5PbO=:FeO+ 2S02+ 5Pb), the results

were as below indicated :

Iron pyrites .

:

.; 10 10 10 10 10 10

Litharge ,
< . 60 125 200 300 400 500

The mixtures fused very readily, with an abundant disengagement
of sulphurous acid.

The first produced only a metallic button, divisible into two parts :

the lower was the largest, and was a sub-sulphuret of lead ; the other

looked like compact galena, but was magnetic ; it was composed

essentially of the sulphurets of iron and lead, but probably contained

a small quantity of their oxides.

The second and third gave black, vitreous, opaque slags, which

stained the crucibles brown, together with lead, having a granular

fracture, and a deep-grey colour : the first button weighed 35, and

the second 40. Both samples of lead were contaminated with a

small quantity of slag, and contained from Y^^ths to Tib-th of

sulphur, and a small quantity of iron.

The slags from the three last mixtures were vitreous, transparent,

and of a fine resin-red colour : the buttons of lead weighed 45*4, 54 '8,

and 86 parts. A much larger proportion of litharge does not pro-

duce more than 86 of lead ; proving that 50 parts of litharge com-

pletely effect the desulphurisation of iron pyrites.

Sulphuret of Copper. The following mixtures of sulphuret of

copper and litharge :

Sulphuret of copper .... 10 10 10 10 10

Litharge . 20 30 50 100 250

fuse very readily, giving off an abundance of sulphurous acid. The
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slags formed were compact, vitreous, opaque, or translucid, and

more or less bright red. The copper which they contain is at the

minimum of oxidation.

The three first mixtures gave metallic buttons, composed of un-

combined lead and sulphuret of copper.

The fourth gave 28 of lead, with a little adhering sulphuret of

copper.

And the fifth gave 38'5 of pure ductile lead, the exact quantity

that ought to be produced from litharge by the transformation of the

above quantity of sulphuret of copper into suboxide and sulphurous

acid (2CuS+ 5PbO=Cu2 + 2S02+ 5Pb).

The sulphuret of copper does not combine with litharge ;
which is

an exception to the general rule. It requires about twenty-five

times its weight of litharge to decompose it completely. When

litharge is combined with a certain quantity of protoxide of copper,

it has no action on the sulphuret of that metal.

The desulphurisation of copper pyrites requires about 30 parts

of litharge.

Copper pyrites . .\'./., ;
10 10 10 10

Litharge 50 100 200 300

In the first assay the fusion was accompanied with much ebul-

lition, and the mass remained pasty : 6 parts of ductile lead were

produced, and a matte similar to galena, but deep grey, with small

facets, and a brownish-black vitreous slag.

In the second, much ebullition and swelling up took place : 35 of

lead, 45 of matte, and a deep brown vitreous slag, were produced.

In the third assay, 49 of lead was the result. It was covered by
a thin layer of matte, and a very shining, deep brown, vitreous,

translucid slag.

The last mixture fused readily, almost without ebullition, and

gave 72 of lead, and a compact shining slag, of a bright grey, and

without the least trace of matte ;
the desulphurisation was complete

(CuS,FeS+ 6PbO=CuO+ FeO + 2SO2) .

Sulphuret of Antimony has a great tendency to combine with

litharge, and it must be heated with at least 25 parts to effect its

desulphurisation. By mixing these two substances in the following

proportion :

Sulphuret of antimony . . 10 10 10 10 10

Litharge ..."... 88 60 100 140 250
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the three first mixtures afforded very fluid slags, compact, deep

black, and slightly metallic, and buttons of ductile lead, weighing
2, 9, and 26 parts. These slags resembled the black litharge pro-
duced at the commencement of a cupellation.

The fourth mixture gave a transparent compact slag, vitreous and

shining, having a splendid hyacinth-red colour, and 50 of lead.

The last produced 57 of lead, proving the desulphurisation to be

complete (SbS3 + 9PbO= Sb03+ 3SO2 -f 9Pb). The antimony, in

this case, exists as protoxide in the slag.

M. Pournet has observed that the sulphuret of antimony has the

property of carrying sulphuret of copper, and even sulphuret of silver,

into the compounds formed with litharge. In one of the experiments

made, a double sulphuret, composed of sulphuret of silver and sul-

phuret of antimony in equal parts, was fused with three times its weight
of litharge, and gave, firstly, a button of lead, mixed with silver ;

secondly, a matte-like galena ; and thirdly, a black slag. This slag

was analysed, and found to contain from 8 to 9 per cent, of silver.

It is probable that all the sulphurets, having a strong tendency to

combine with oxide of lead, have, like sulphuret of antimony, the

property of determining the scorification of a certain quantity of

sulphuret of silver, like all the sulphurets, which in a state of purity

are completely decomposed by oxide of lead.

Sulphuret of Zinc must be fused with twenty-five times its

weight of litharge to be decomposed. Thus :

Blende . . . 24'08 12'08 10 10

Litharge . . . 55'78 83-68 100 250

However strongly the first mixture was heated, it always remained

pasty; 29'2 of a greyish-black lead were produced, which contained

018 of sulphur and '008 of zinc. The button was covered by a

metallic-looking black substance, intermediate between a matte and a

slag: it was composed of the sulphurets and oxides of zinc and

lead.

The second mixture gave 35' 5 of lead and a fluid slag, which was

compact, opaque, and black.

The third gave 43 of lead, and a deep grey slag.

The last produced 65 of pure lead (ZnS+ 3PbO=ZnO+S02 +
3Pb), and a vitreous slag, of an olive-colour, and translucid on the

edges.

Sulphuret of Lead. Galena and litharge, at a heat just sufficient

to fuse them, combine and form an oxi-sulphuret \
but if the tern-
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perature be increased, the two bodies re-act on each other, and are

mutually decomposed (PbS+ 2PbO= 3Pb-f S02 ). If 2789 parts

of litharge be employed to 1496 of lead, or 1865 of litharge to

LOGO of galena, nothing but pure lead is obtained. If more litharge

be employed, a portion is not decomposed, and covers the lead. If

less be employed, the galena is not completely decomposed, and the

lead is covered by a matte of sub-sulphuret.

But when litharge is combined with a certain proportion of sul-

phurets or metallic oxides, it completely loses its oxidising power on

galena, even at a white heat ;
so that it can be combined with this

substance as with the other sulphurets, without effecting its total

decomposition.

The Caustic Alkalies and their Carbonates. All the sulphurets

are decomposed by caustic alkalies, and by their carbonates also ;

but in the latter case carbonaceous matter must be present. In the

absence of charcoal, there are some sulphurets, as of copper, on

which they have no action. In these decomposition salkaline

sulphurets are formed, and combine with and retain a certain

quantity of the sulphuret submitted to experiment. The proportion

of the sulphuret which remains in combination with the alkaline

sulphurets depends on many circumstances. It is always less when

a large proportion of alkali or carbonate has been employed, as it is

also when a high degree of temperature has been employed ; and the

presence of charcoal always much diminishes the proportion. When
the radical of a sulphuret is a very volatile metal, as mercury or

zinc, the decomposition may be perfect.

The reduction of that portion of alkali to the metallic state which

combines with the sulphur, is brought about either by the action of

a portion of the sulphur of the metallic sulphuret, when the metal is

but slightly oxidizable, and then sulphuric acid is formed, which

remains as a sulphate in the slag, or by the action of the metal itself

when very oxidizable : the addition of charcoal always prevents the

acidification of the sulphur and the oxidation of the metal ; it is,

then, the charcoal which reduces the alkali. When the metal of the

sulphuret is readily oxidised, that portion which separates from the

sulphur is completely oxidised, because it combines with the oxygen

of the alkali and the carbonic acid : this occurs with the sulphuret

of iron ;
but when the metal cannot decompose carbonic acid, a part

is always obtained in the metallic state, even when no sulphuric acid

is formed during the operation : this takes place with the sulphuret

of antimony.
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Pearlash and native soda act more powerfully on sulphurets than

the carbonate of potash obtained with nitre and charcoal, or the

artificial carbonate of soda, because they always contain a part of the

alkali in the caustic state.

Nitre, Saltpetre, Nitrate ofPotash (KO,NO5), has a very power-

ful action on the sulphurets : in fact, if not modified by the addition

of some inert substance, as an alkaline carbonate or sulphate, explosion

may take place, and a portion of the contents of the crucible be thrown

out. Where an excess of nitre is used, all the sulphur is converted

into sulphuric acid, and every metal but gold and silver oxidised

(PbS + KO,NO5
=PbO -|- KO,SO3+N + O) . When only the exact

quantity of nitre is employed, that is to say, just as much as is

sufficient to burn all the sulphur in the sulphurets of those metals

which are not very oxidisable, as those of copper, silver, and lead

(5PbS+ 3KO,NO5 ==5Pb+ 5S03 +3KO + 3N), the metal is ob-

tained in a state of purity, arid the whole of the sulphur converted

into sulphuric acid
; but with the sulphurets of the very oxidizable

metals, the oxygen of the nitre is divided between the sulphur and

the metal.

Nitrate of Lead (PbO,NO5 ) possesses the combined properties

of nitre and litharge. It is not much used.

Sulphate of Lead (PbO,S03) is not used as a re-agent, but is

often formed in the assay of lead ores. It decomposes the sulphuret

of lead by burning the sulphur (PbO,SO3 -f
t2PbS=

It acts on many other sulphurets in a similar manner.

SULPHURISING AGENTS.

1. Sulphur.

2. Cinnabar, or sulphuret of mercury.

3. Galena.

4. Sulphuret of antimony.

5. Iron pyrites.

6. The alkaline persulphurets.

Sulphur (S) fuses at 226, and at 284 is very liquid. It has

very powerful affinities, combines with all the gases excepting

nitrogen, and with the greater part of the metals. That kind

generally known as flour of sulphur ought to be employed ; and,

before use, the presence or absence of earthy matters ought to be

ascertained, by burning a portion.
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It is principally used in the preparation of the alkaline sulphurets,

and in the assay of some of the noble metals.

Cinnabar (HgS) is decomposed by many of the metals, and it is

better for use as a sulphurising agent than sulphur itself, as it is

less volatile.

Galena (PbS). Many of the metals, as iron, copper, &c., separate

sulphur from lead, while some others, as silver, gold, &c., do not
;

so that if galena be heated with an alloy of various metals, some of

which decompose it, and some do not, the former are transformed

into sulphurets, and the latter combine with the metallic lead which

is produced. It is often employed for this purpose. It is a com-

mon ore, and readily procured. The samples employed must contain

no sulphuret of antimony, and all the matrix must be carefully

separated by sifting and washing.

Sulphuret of Antimony (SbS3 ) yields its sulphur to many of the

metals, but it is only used in the separation of gold from silver, &c.

In this operation the sulphur combines with the alloyed metals, and

the antimony with the gold, for which it has much affinity.

Iron Pyrites (FeS2) is a persulphuret which loses half its sulphur

at a white heat. It is much employed in metallurgical operations,

but not in assaying.

The Alkaline Sulphurets can support a tolerably elevated tem-

perature without losing sulphur, but they have a great tendency to

do so, to which their sulphurising power is due. By their means

every metal can be made to combine with sulphur. When an

alkaline persulphuret is heated with a metal, or an oxide of a metal

mixed with charcoal, a fused compound, a mixture of the sulphuret

of the metal and an alkaline sulphuret, is obtained.

When they are in combination, they are held together by very

feeble affinities, and their decomposition is generally effected by the

mere action of water, which dissolves the alkaline sulphuret and

leaves the other perfectly pure. But with gold, molybdenum, tungs-

tenum, antimony, &c., the compound is stable and soluble in water ;

and it is from this fact that the alkaline sulphurets are sometimes

employed in the assay of auriferous substances.

In order to effect a sulphurisation by means of the alkaline sul-

phurets, it is much better to use equivalent mixtures of sulphur and

alkaline carbonates than to prepare them beforehand. To obtain

persulphuret of potassium, 46 parts of carbonate of potash, and 54

of flour of sulphur, must be employed ; and for persulphuret of
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sodium, 40 parts of fused carbonate of soda and 60 parts of

sulphur.

When the mixture is fused in a plain crucible, sulphate of potash,

or sulphate of soda, is formed, because part of the alkali is reduced

to the metallic state by its affinity for the sulphur, giving up its

oxygen to a portion of the sulphur, which becomes sulphuric acid ;

but when lined crucibles are used, the carbon combines with the

oxygen of the alkali, and not a trace of sulphate is produced.

FLUXES.

Fluxes are used for the purpose of causing fusion, as their name

indicates, and are employed for the following reasons :

Istly. To cause the fusion of a body, either difficultly fusible, or

infusible by itself.

2dly. To fuse foreign substances mixed with a metal, in order to

separate the lattet by its difference of specific gravity.

3dly. To destroy a compound into which an oxide enters, and which

prevents the oxide being reduced by charcoal. Silicate of zinc, for

instance, yields no metallic zinc with charcoal, unless it be mixed

with a flux capable of combining with the silica.

4thly. To prevent the formation of certain alloys, and consequently

the combination of some metals with others, as in the case of a

mixture of the oxides of manganese and iron with a suitable flux, the

iron is obtained in a state of purity, whereas if no flux had been

added an alloy would have been obtained. Gold and silver can be

separated from many other metals by means of a flux.

5thly. To scorify some of the metals contained in the substance

to be assayed, and obtain the others alloyed with a metal contained

in the flux, as gold or silver with lead.

6thly. And lastly, a flux may be employed to obtain a single button

of metal, which otherwise would be obtained in globules.

Fluxes are divided into non-metallic and metallic ; and the non-

metallic fluxes are

1. Silica.

2. Lime.

3. Magnesia.

,
4. Alumina.

5. Silicates of lime ond alumina.
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6. Glass.

7. Boracic acid.

8. Borax (biborate of soda) .

9. Fluor-spar (fluoride of calcium).

10. Carbonate of potash.

11. Carbonate of soda.

12. Nitre (nitrate of potash).

13. Common salt (chloride of sodium, .

14. Black flux and its equivalents.

15. Argol (bitartrate of potash) .

16. Salt of sorrel (binoxalate of potash).

17. Soap.

The metallic fluxes are

18. Litharge (oxide of lead) and ceruse (carbonate of lead).

19. Glass of lead (silicate of lead).

20. Sulphate of lead.

21. Oxide of copper.

22. Oxides of iron.

Silica (Si03 )
is employed frequently to cause the fusion of some

gangues in assays made at an elevated temperature. Silica combines

with all the bases, and forms with them bodies termed silicates,

which are more or less fusible.

Lime (CaO), Magnesia (MgO), and Alumina (A12O3). It is

known that no simple silicate is readily fusible, so that lime, mag-

nesia, or alumina are employed, according to circumstances, to reduce

a simple silicate to such a condition that it will readily fuse in an

assay furnace. Sometimes, to attain this end, it is requisite to use

all the above-mentioned earths.

Glass is a very useful flux in certain iron assays. The kind em-

ployed must contain no lead.

Boracic Acid (B03). The native boracic acid, after fusion and

pulverisation, is to be employed whenever the use of this acid is

indicated. It ought to be kept in well-stopped bottles.

Boracic acid has the property of forming with silica, and all the

bases, very fusible compounds, and is, from this cause, a very uni-

versal flux. Nevertheless, there is an inconvenience attached to its

use : it is very volatile, so that sometimes the greater part employed

in an assay sublimes before it has had time to perform its office.

Borax (Biborate of Soda, NaO,2B03 + lOHO) is an excellent
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and nearly universal flux, because it has the property of forming, like

boracic acid, fusible compounds with silica and nearly all the bases,

and is preferable to that acid because it is much less volatile.

It may be used at a high or a low temperature. In the first case

it is employed in the assay of gold and silver, because it fuses and

combines with most metallic oxides, or in obtaining a regulus,

that is to say, to separate the metals, their arseniurets, and sulphurets,

from any stony matter with which they may be mixed ; because this

salt is neither oxidising nor desulphurising. In the second case, it

is employed in the assay of iron and tin ores, as in the presence of

charcoal it retains but traces of their oxides, and, indeed, much less

than generally remains with the silicates.

When borax is heated, it fuses in its water of crystallisation, and

undergoes an enormous increase of volume ; at a higher temperature,

it fuses, and forms a transparent glass, which becomes dull on the

surface by exposure to air. Only the fused vitrified borax ought to

be used in assays. It must be reduced to powder, and kept in well-

closed vessels.

Fluor-spar (Fluoride of Calcium, CaP), is rarely employed in

assays, but in certain cases is an excellent flux ; as will be hereafter

shewn.

Carbonate of Potash (KO,C02) and Carbonate of Soda

(NaO,C02) . It has been already proved that they possess oxidising

and desulphurising power : they will now be considered as fluxes.

They are decomposed in the dry way by silica and the silicates, with

the separation of carbonic acid (KO,CO2 -f SiO3= KO,SiO3+ C02 ).

The presence of charcoal much facilitates this decomposition.

They form fusible compounds with the greater part of the metallic

oxides. In these combinations the oxide replaces a certain quantity

of carbonic acid ; but these compounds are not stable, they are

decomposed by carbon, which reduces the oxide, or by water, which

dissolves the alkali.

On account of their great fusibility, the alkaline carbonates can

retain in suspension, without losing their fluidity, a large proportion

of pulverised infusible substances ; as an earth, charcoal, &c.

The alkaline carbonates ougK to be deprived of their water of

crystallisation, for assaying purposes : in fact, it would be better to

fuse them before use. They must in all cases be kept in well-stopped
vessels.

They may be used indifferently, but carbonate of soda is to be pre-

ferred, as it does not deliquesce.
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The alkaline carbonates of commerce always contain sulphates and

chlorides. In ordinary cases this causes no inconvenience, but

there are circumstances under which the presence of sulphuric acid

would be injurious.

Carbonate of potash can readily be procured free from sulphate

and chloride by means of nitre and charcoal, as follows : Pulverise,

roughly, 6 parts of pure nitre, and mix them with 1 part of charcoal
;

then project the mixture, spoonful by spoonful, into a red-hot iron

crucible. The projection of each spoonful is accompanied by a vivid

deflagration, and carbonate of potash is found in a fused state at the

bottom of the crucible. It must be pulverised, separated from

excess of charcoal, and kept in a dry state for use.

Carbonate of soda may be obtained in much the same way, substi-

tuting nitrate of soda for nitrate of potash, or by repeatedly crystal-

lising the carbonate of commerce.

Nitrate of Potash (KO,N05). Its properties have already been

pointed out. The presence of silica or silicates much assists its

decomposition.

Common Salt (Chloride of Sodium, NaCl), was much recom-

mended by the older assayers, either mixed with flux, or a certain

quantity placed above it, for the purpose of preserving the substance

beneath from the action of the atmosphere, or to ameliorate the

action of such bodies as cause much ebullition. It is very useful in

lead assays. When it is used, it must be previously pounded, and

heated to dull redness in a crucible, to prevent its decrepitation.

Black Flux and its Equivalents (KO,C02 + Cn
). Black flux

is both a reducing and fusing agent. It is a mixture of carbonate of

potash and charcoal in a minute state of division. It is much

employed, and very serviceable. It is prepared by mixing 2 parts of

argol with 1 part of nitre, placing the mixture in an iron vessel, and

setting it on fire by a burning coal, or red-hot rod. "When the com-

bustion is finished, the substance is pulverised, sifted whilst yet hot,

and kept in well-stopped jars, as it rapidly absorbs moisture from

the atmosphere.

Black flux is much used in lead and copper assays ; but as it boils

up greatly at the commencement of the operation, the crucible must

not be more than two- thirds full.

It can be readily imagined that, as it fuses and reduces at the

same time, the relative proportions of alkaline carbonate and char-

coal, ought to vary according to the nature of the substance acted

upon ; and it is often expedient to employ the greatest possible pro-
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portion of alkali to obtain the largest yield of metal. Black flux

may be obtained richer in carbon by mixing 1 part of nitre with

2-i- or 3 parts of argol.

Common black flux contains 5 per cent, of charcoal. The flux

prepared with 24- of tartar or argol to 1 of nitre contains 8 per cent.,

and that with 3 contains 12 per cent, of charcoal.

Black flux can be replaced by anhydrous or dry carbonate of soda,

mixed with some reducing agent. When charcoal is employed it

must be reduced to a very fine powder : in fact, it ought to be

levigated. Lamp black is, however, the best form of carbon.

The three following fluxes are very useful :

Carbonate of soda ... 94 88 816

Charcoal 6 12 184

The second is very nearly equivalent to sodium and carbonic acid,

and the third to sodium and carbonic oxide ; but it must be observed,

that whatever precautions be taken, these mixtures never become so

liquid as black flux, because the charcoal tends very much to sepa-

rate and rise to the surface.

Instead of charcoal, it is preferable to use sugar or starch to make

a flux equivalent to black flux with carbonate of soda : the mixture

must be made most intimately.

Cream of tartar, carbonised by a semi-combustion until it is

reduced to half its weight, is a very good substitute for black flux :

it contains about 10 per cent, of charcoal.

Argol, Cream of Tartar, Bitartrate of Potash (KG) f^ HO f).

When bitartrate of potash is heated in a covered crucible, a rapid

decomposition takes place, accompanied by a disengagement of

inflammable gases : the substance agglomerates, but without fusing
or boiling up. The residue is black, blebby, and friable, and con-

tains 15 per cent, of carbon when produced from rough tartar or

argol, and 7 per cent, from cream of tartar.

These re-agents produce the same effects as black flux, and possess

more reducing power, because they contain more combustible matter :

but this is an inconvenience, for the excess prevents their enter-

ing into full fusion when the substance to be assayed requires but a

small proportion of a reducing agent. They can be used with

success in assays requiring much carbonaceous matter.

Salt of Sorrel, Binoxalate of Potash (KO O,HO O), when

heated, is decomposed. It decrepitates feebly, and during its decom-

position is covered with a blue flame ; it at first softens, and when

fully fused is wholly converted into carbonate. When the oxalate
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is very pure, the resulting carbonate is perfectly white, and free

from charcoal ; but very often it is spotted with blackish marks. It

has no very great reducing power.

White, or Mottled Soap, is a compound of soda with a fat acid.

When heated in closed vessels it fuses, boiling up considerably, and

during its decomposition gives off smoke and combustible gases, and

leaves a residue composed of carbonate of soda with about 5 per cent,

of charcoal. Of all reducing agents, soap absorbs the greatest quan-

tity of oxygen ; and, as the residue of its decomposition by heat

affords but little charcoal, it has the property of forming very fluid

slags. Nevertheless, it is rarely employed, because certain incon-

veniences outweigh its advantages. These inconveniences are, its

bubbling up, and its extreme lightness. It also requires to be rasped,

in order to mix it perfectly with the substances it is to decompose,

and it then occupies a very large volume, and requires correspond-

ingly large crucibles. There are, nevertheless, cases where it may
be used with advantage by mixing it with other fluxes.

Reducing Power of the various Fluxes. By fusing each of the

above-mentioned reducing fluxes with an excess of litharge, the same

weight of each yielded the following quantities of lead :

Common black flux, made with 2 parts of tartar . . T40

Ditto, with 2 of tartar ...... T90

Ditto, with 3 of tartar . ...... 3'80

Carbonate of soda . 94 1 -.

.o^
Charcoal . . . 6J

Carbonate of soda . 88 1
g g^

Charcoal . . . 12 J

Carbonate of soda . 90

Sugar . . .10
Carbonate of soda . 80

Sugar ... 20

Carbonate of soda . 90 1 , . r

Starch . . . 10 J

Carbonate of soda . 80 1 2 -30

Starch . . . 20 J

Crude tartar, Argol 5 '60

Cream of tartar . . . . . . . 4-50

Ditto, ditto, carbonised . . . . . . 3']0

Ditto, ditto, calcined , 2'20

Binoxalate of potash ...... '

~i '90

White soda soap V 16-00

. 1-40

2-80
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By mixing rasped soap with binoxalate of potash or carbonate of

soda, excellent reducing fluxes may be made :

Salt of sorrel . 85 1
3.25

Soap ... . 15 J

Carbonate of soda . 85 1
2-40

Soap . ". . . 15 J

All the fluxes containing alkaline and carbonaceous substances

are reducing and desulphurising ; besides acting as fluxes, properly

so called. They also produce another effect which it is useful to

know, viz. they have the property of introducing a certain quantity

of potassium or sodium into the reduced metal. This was first

pointed out by M. Vauquelin.* He found that when oxide of

antimony, bismuth, or lead, was fused with an excess of tartar, the

metals obtained possessed some peculiar characters, which they owed

to the presence of several per cents of potassium.

METALLIC ELUXES. Litharge (PbO) and Ceruse (PbO,C02).

These bodies always act as fluxes, but at the same time often produce
an alloy with the metal contained in the ore to be assayed. Ceruse

produces the same fluxing effect as litharge. The former is the

better flux, and is very useful in a great number of assays.

Glass of Lead (Silicate of Lead, PbO,SiO3)
.The silicates of

lead are preferable to litharge in the treatment of substances con-

taining no silica, or which contain earths or oxides not capable of

forming a compound with oxide of lead, excepting by the aid of

silica. It may be made by fusing 1 part of sand with 4 parts of

litharge : if required more fusible, a larger proportion of litharge

must be added.

Borate of Lead (PbO,B03). The borates of lead are better fluxes

than the silicates when the substance to be assayed contains free earths;

but in order to prevent them swelling up much when fused, they must

contain an excess of oxide of lead. The borate of lead containing

90-56 of oxide of lead and 9'44 of boracic acid, is very good.
Instead of borate of lead, a mixture of fused borax and litharge may
be employed ; it is equally serviceable.

Sulphate of Lead (PbO,SO3) is decomposed by all siliceous

matters, and by lime, so that when these substances are present

litharge is produced, which fluxes them.

Oxide of Copper (CuO) is rarely used as a flux for oxidised

* Annales des Mines.
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matters, but is sometimes employed in the assays of gold and zinc,

to form an alloy with those metals. In this case a reducing flux

must be mixed with the oxide. Metallic copper may be used, but

is not so useful, as it cannot be so intimately mixed with the assay.

Oxides of Iron (FeO and Fe2O3 ) are good fluxes for silica and

the silicates. They are, however, rarely employed for that purpose ;

they are more often used to introduce metallic iron into an alloy to

collect an infusible, or nearly infusible metal, by alloying it with

iron ; such as manganese, tungstenum, or molybdenum.

CHAPTER VII.

ON THE BLOW-PIPE AND ITS USE DISCRIMINATION OF MINERALS, &C.

Notwithstanding the able works already written on this portion of

my subject, I should think the present deficient were I not to give

a short account of the blow-pipe, its method of use, &c. I am the

more inclined to do this, from the fact that the instrument to be

presently considered is of much importance to the mineral analyst

(saving him, in some cases, days of needless labour) ; that these

pages would not be that which they were intended, viz. a complete

Guide to Practical Assaying, without giving short rules for its use.

Having premised thus much, I hope my readers will excuse me

carrying them over matter so well and ably treated by many others.

The blow-pipe formerly was only used by jewellers and workers of

metal for producing sufficient heat for soldering certain small por-

tions of their work; and it was only about the year 1738, that

Anton Swab applied it to the analysis of mineral substances.

Cronstedt used the blow-pipe to ascertain the difference between

various mineral substances as to fusibility, &c. In 1765, Yon

Engestrom published Cronstedt's System of Mineralogy, and added

to it a Treatise on the Blow-pipe, in which he pointed out the pro-

cesses of Cronstedt.

This work attracted the attention of philosophers to this valuable

instrument, and its use became more general. Bergman, after

Cronstedt, extended the use of the blow-pipe beyond the bounds of

mineralogy to the inorganic kingdom, and in his hands this instru-

ment became an invaluable agent for the detection of minute por-
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tions of many metallic substances. Bergman treated the greater

number of the minerals known in his time with the re-agents

employed by Cronstedt, described their action, and improved many
of the instruments necessary for their performance. In these experi-

ments, Bergman, whose health did not permit him to carry out such

a laborious work, was assisted in his mineralogical studies by Gahn,

who became particularly expert in the use of the blow-pipe. The

following is a very good example of the utility of this instrument in

practised hands :

"
Ekeberg asked Gahn his opinion of the then

newly discovered mineral, the oxide of tantalum, and Gahn im-

mediately discovered that it contained tin, although it did not

amount to more than 1 per cent."

Berzelius, after Gahn, was particularly famed for his skill with the

blow-pipe, and for his improvements in the form of apparatus ;
and it

is from his excellent work on this subject that the principal portion

of the descriptive part of Blow-pipes, Lamps, Tongs, &c., is derived.

The common blow-pipe of gas-fitters, jewellers, &c., is a tube of

brass, tapering towards one end, and curved at that extremity,

which has an opening as fine as that made by the finest needle ; it

is this opening which is held against the flame of the lamp, and air

is blown through it to increase the amount of heat. In all ordinary

operations, the blast is required to be kept up not more than a

minute, so that the quantity of moisture exhaled from the lungs

produces no inconvenience by stopping up the tube. But in certain

chemical operations this is exceedingly troublesome, as a continuous

blast is required, and a large quantity of water collects in con-

sequence ; generally sufficient to mar the success of an experiment.

In order to obviate this, Cronstedt placed in the centre of his blow-

pipe a bulb, in which the greater part of the water collected. This

form was, however, inconvenient, because if the jet of the blow-pipe

were at all inclined, even for an instant, the water ran from the

bulb, and filled it. There have been several methods contrived to

avoid this.

Bergman overcame this defect in the following manner : he fitted

to the extremity of his blow-pipe a semicircular chamber, and placed

the jet in the upper part of it. The best and cheapest blow-pipe,

however, I have found to be that contrived by Black (see fig. 202).
The one I am in the habit of using is made of tin-plate, japanned,
and is accompanied by several platinum jets, to be hereafter spoken
of. Silver is the best material for the construction of a blow-pipe ;



150 THE BLOW-PIPE LAMP.

next to that, tin-plate, and lastly, brass ; blow-pipes made of the

latter substance soon ac-
JIG. 60Z.

quire a very disagreeable

odour, which they also

communicate to the

hands. On an emer-

gency, a blow-pipe may
be constructed with a

glass tube, but owing to its frangibility and fusibility it is not to be

recommended.

Many persons have conceived that the process of using the blow-

pipe by blowing in the ordinary manner is a very difficult matter ;

and some have gone even so far as to say it is injurious. Hence,

various contrivances have been made to use this instrument by
other means ; some have employed double bellows, others bladders,

and others, again, the pressure of water ; but none of these methods

have afforded satisfactory results, except in the hands of the con-

trivers, and even in some cases the results have been very problema-
tical ; and as there is in reality nothing very difficult in acquiring

the art of using the blow-pipe, and as it is in my opinion not at all

injurious, and moreover, as by the ordinary method more accurate

results are arrived at, the matter of the various blowing machines

will not be further discussed, but the necessary description of fuel

now spoken of.

Any kind of flame may be used for the blow-pipe, provided it be

not too small ; a candle, a lamp, or gas, may be employed : Enges-

trom and Bergman used common candles in preference. Berzelius

employs a lamp, which is certainly much preferable to a candle. I

have occasionally employed the flame of coal gas, which answers

very well, but is not so good as that of a lamp. Berzelius says on

this subject,
"
Lamps have doubtless many advantages over candles,

but are not so convenient in travelling, on account of the escape of

oil. The oil employed ought to be the best olive or salad oil.

ft Tlie lamp which I use has the advantage of being portable, and

closes in such a manner that no oil can escape. It is made of

japanned tin-plate, and is about 4 inches long, and 1 inch wide,

furnished at one end with a wick-holder, capable of being completely

closed by a screw, and at the other with a ring of tin-plate, which

passes over the upright end of a support. It may be mentioned,

that the screw-cap is furnished with a leather washer, by the aid of
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which it can be rendered much tighter, and the escape of oil entirely

prevented."

Sometimes a spirit-lamp is employed in assays by the blow-pipe,

particularly when glass tubes are employed, as in the detection of

volatile substances. In these cases they are much more convenient ;

as an oil lamp, in the first place, blackens the tube ; and secondly;

does not yield a sufficiency of heat, excepting when the blow-pipe

blast is employed ;
then the flame has more intensity than that pro-

duced by a spirit-lamp urged by the same means.

It is very difficult to give in writing a method whereby a student

may acquire the practice of using the blow-pipe : that given by

Faraday,* is perhaps the clearest and most concise. It is as follows :

" The practice necessary, in the first place, is that of making the

mouth replace the lungs for a short time, by using no other air for

the blow-pipe than that contained in it." This practice is simple in

itself, and easy to acquire, but as before stated, difficult to describe.

Let the student first observe, that it is easy after having closed the

lips to fill the mouth with air, and to retain it so, at the same time

that respiration may be carried on ; and if, while the mouth is in

this state, a blow-pipe be introduced between the lips, it will be

found that the small quantity of air which its jet allows to pass

through it, will be amply supplied for ten or fifteen seconds by the

quantity contained in the mouth ; and this being repeated a few

times, a ready facility for using the blow-pipe, independent of the

lungs, will be acquired.

This step being taken, the next is to combine this process with

the ordinary one of propelling air directly from the lungs through
the mouth, in such a way that when the action of the lungs is sus-

pended during inspiration, the blast may be continued by the action

of the mouth itself, from the air contained within it. The time of

fourteen or fifteen seconds, during which the mouth can supply air

independently of the lungs, is far more than that required for one or

even many more inspirations ; and all that is required to acquire the

necessary habit is the power of opening and closing the communi-

cation between the mouth and the lungs, and between the air and

the lungs, at pleasure.

The capability of closing the passages to the nostrils is very

readily proved : every one possesses and uses it when he blows from

the mouth, and that of closing or opening the mouth to the lungs

* Chemical Manipulation.
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may be acquired with equal readiiiess. Applying the blow-

pipe to the lips as before, use the air in the mouth to produce a

current, and when it is about half expended, open the lungs to the

mouth, so as to replace the air which has passed through the blow-

pipe ; again cut off the supply, as at first, but continue to send a

current through the instrument, and when the second mouthful of

air is gone, renew it as before from the lungs.

To some this may be difficult ; but if the preceding instructions

be followed and persevered in for a short time, a continuous blast

may be kept up from ten minutes to a quarter of an hour, without

any other inconvenience than the mere lassitude of the lips, caused

by compressing the mouthpiece of the instrument.

After having conquered the difficulty of keeping up a continuous

blast, the student must learn how to attain the maximum of heat

with the least exertion to himself. The chief points to be observed

are, neither to blow too fiercely nor too gently ; in the first case, the

force of the blast would carry away heat by the quantity of cold air

thrown into the flame, and in the second, a sufficient amount of

heat would not be obtained ; because a less amount of air would pass

into the flame than that required for perfect combustion.

The highest degree of temperature is required in testing the

fusibility of many bodies, as also in the reduction of certain oxides ;

as those of iron, tin, &c. We have yet another class of phenomena
to describe, which do not essentially depend on a high temperature ;

these are the processes of reduction and oxidation* In order to

explain and point out the best methods of effecting these two objects,

it will be necessary to enter somewhat into the nature of flame ; this

will be done as briefly as is consistent with perspicuity. The

species of flame examined will be that of a candle, as it is with

a similar one to that with which the blow-pipe operator will have

to experiment.

On careful examination, it will be found that the flame of a

candle or lamp may be divided into four distinct portions : firstly, a

deep blue ring at the base ; this consists of the vapour of the com-

bustible, which can hardly burn because it has not acquired a suffi-

cient temperature; secondly, a dark cone in the centre; this is also

the vapour, but heated intensely, not, however, in a state of com-

bustion, on account of the absence of air ; thirdly, of a very brilliant

envelope, which surrounds the dark part just mentioned, this is the

partially consumed vapour at a very high temperature ; the luminous
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property it possesses is due to the precipitation and subsequent igni-

tion of particles of solid carbon ; and fourthly, of an almost invisible

envelope which surrounds the luminous portion ; this is the substance

of the combustible in full ignition, it here mingles with the atmo-

spheric oxygen, and is consumed. The highest degree of temperature

in the whole flame is to be found at the point of contact between the

luminous and this part. It must be particularly borne in mind that

the inner portions of the flame have an excess of carbonaceous matters,

and the outer an excess of oxygenated matters.

Having premised thus much, we will examine the nature of the

flame of a candle when acted on by the blow-pipe blast, and ascertain

how far it is altered, and what are the properties of its separate parts

in relation to their oxidising and reducing powers. Supposing the

lighted lamp or candle be ready and neatly snuffed, place the nozzle

of the blow-pipe just in the edge of the flame, and about the sixteenth

of an inch above the level of the wick : when things are in this state,

blow gently and evenly through the blow-pipe, and a conical jet or

dart of flame will be produced, which, when formed in a steady

atmosphere, free from accidental draughts and currents, will be

found to consist of two essential parts, the inner cone, blue, small,

and well defined ; the outer, brownish and vague. The greatest

intensity of heat is found a little beyond the apex of the blue flame ;

it is there, also, reduction takes place. It is formed of the com-

bustible matter mixed with air, which, however, does not burn,

because it is not sufficiently heated. The outer flame is formed by
the complete combustion of the combustible matter of the inner ;

and it is there, and just beyond it, that oxidation takes place.

Oxidation, as before stated, takes place at the extremity of the

outer flame ; hence it is termed the oxidising flame ; in it all the

combustible portions are super-saturated with oxygen. In general

the further the substance to be oxidised can be placed from the ex-

tremity of the flame, the better the operation proceeds, 'provided

always that the necessary temperature be maintained. Dull redness

is the best suited to oxidation.

Reduction. In this operation the jet of the blow-pipe must be

introduced into the body of the flame, so as only to produce a small

dart ; and a jet having a smaller hole than that used for oxidation

ought to be employed. By operating thus, a more brilliant flame

than the last is produced ; it is the result of a less perfect combus-

tion, and therefore contains a large amount of carbonaceous matter,
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fitting it more especially for the purpose of separating oxygen from

all metallic bodies.

Berzelius says, "the most important point in blow-pipe assays is

the power of producing oxidation and reduction at will/' Oxida-

tion is so easy, that to do it requires only to read a description of it
;

but reduction requires some practice, and a certain knowledge of pro-

ducing various kinds of blasts. One of the best methods of exercise

in this operation is to take a small grain of tin, and place it on

charcoal ; then direct the blow-pipe dart upon it, it will soon fuse ;

and if the operator has not produced a good reducing flame, it will

become covered with a crust of oxide ; so that it becomes a witness

against him each time this happens. The nature of the flame must

be altered until, by observation, the proper kind is produced at will.

The longer the button of tin is kept bright, the better and more

expert the operator.

AUXILIARY APPARATUS, &C.

Supports. The support is the substance destined to hold the

material to be assayed whilst under the influence of heat. From
this it will be seen that a solid body must necessarily be employed ;

it ought also to be exceedingly refractory, so as not to give way
under the excessive heat; and lastly (with the exception of charcoal),

ought to have no chemical action on the substances placed in contact

with it. Supports may be divided into combustible and incom-

bustible ; the former is charcoal, and the latter, metal, glass, and

earthenware, and in some cases certain minerals have been employed.
Well-burnt wood charcoal is the best support in most cases.

Berzelius remarks that light woods make the best charcoal for blow-

pipe purposes, and recommends that made from the willow. Alder

forms an excellent charcoal for blow-pipe experiments.

Hard woods generally give so much ash as to render them unfit,

on account of the chemical action of its contents. It is generally

very ferruginous. Gahn supposed that box-wood charcoal would be

best ; but on trial it was found to crack very much.

It is almost needless to observe that the charcoal must be well

made, because that which scintillates, smokes, or burns with flame,

is worse than useless. It ought to be cut with a saw into conveniently

sized pieces, and a small hole, bored in them, so as to receive the sub-
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stance to be assayed.

FIG. 203.

Fig. 203 represents the most convenient form
of apparatus for boring holes in charcoal :

the upper or boring part is made of steel.

I have used a very convenient charcoal

support, contrived by Mr. John J.

Griffin. The following is his descrip-
tion* of its manufacture and properties,

the latter of which I most gladly cor-

roborate :

"
Several of the most important

experiments performed with the blow-pipe

require the assistance of charcoal, upon
which the object submitted to examination

is supported in the flame. The charcoal

employed fpr this purpose should be of soft

wood, well burnt, compact, and free from

crevices. Such charcoal is difficult to

obtain. I have several times examined a

sackful of charcoal without finding above

half-a-dozen sticks adapted for these expe-
riments. This circumstance induced me
to seek for a substitute, and having found

one which seems likely to prove serviceable,

I think it possible that other persons accus-

tomed to operate with a blow-pipe, and

accustomed also to feel the want of appropriate charcoal, may be

willing to learn in what manner they can efficiently replace it. For

this reason I have drawn up the following notice :

" The blow-pipe experiments that require the assistance of charcoal

may be divided into two classes. In the first class may be named

the formation of beads with microcosmic salt, the trial of fusibility

per se, and the roasting of the metallic compounds that contain such

volatile elements as sulphur and arsenic. The second class of expe-

riments is restricted to the fusion of minerals or metallic compounds
with carbonate of soda, or with soda and borax, for the purpose of

effecting particular combinations, or of procuring their metals in a

state of regulus. For these two classes of experiments I make use

of two different composition supports; the first of which I call

Supports for Fusions, and the second, Supports for Reductions.

They are alike in appearance. Each consists of two parts, an upper

* Proceedings of the Philosophical Society of Glasgow, April 26, 1843.
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or combustible portion, and a base, or incombustible portion. The

former is the proper substitute for the ordinary charcoal, the under

portion acting only as a crucible in which the combustible portion is

contained. I shall first describe the composition and formation of

the supports, and afterwards show the way to use them.
" The incombustible portion of both supports is made of fine pipe

clay and charcoal powder, mixed in equal parts by weight with as

much water, slightly thickened with rice paste, as is sufficient to form

a stiff plastic mass.
" The combustible portion of the Support for Fusions consists

of:

Charcoal in fine powder . .12 parts.

Eice flour . . .

Water, about . . 8

The rice is boiled in the water to form a paste, with which the char-

coal is afterwards mixed into a mass of the consistency of dough.
" The upper part of the Support for Reductions consists of the

following mixture :

Charcoal in fine powder . . 9 parts.

Carbonate of soda, crystallized . 2

Borax, crystallized . 1

Eice flour . . .

Water, about . . 8

The water is boiled, the soda and borax are dissolved in it, and the

rice is then added to form a paste, with which the charcoal is finally

incorporated, and the whole well kneaded into a stiff mass. The

mould (see fig. 204, D)
FlG ' 204 '

in which these com-

positions are pressed

to form the supports

is made of boxwood.
" The principal

points which require

attention to ensure

success in this process

are to have the mate-

rials in the state of a

very fine powder, and

the moist composi-
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tions of a proper degree of consistency. If they are too soft, the

support will not quit the mould without losing its form. If too dry,

the particles of the support will not cohere. The proper state is found

after a few trials. It is most convenient to begin bymaking the mixture

too soft, and then drying it slowly, till it is found to be hard enough
to work easily. The composition is rolled into balls with the fingers.

The moulds should be kept clean, and the forming parts of the pestle

(B, fig. 04) for the charcoal composition and the ring should be oiled.

The point of the pestle (A, fig. 204) for the clay composition must

not be oiled, because grease prevents the adhesion of the combustible

portion of clay base. The pestle c is used to remove the finished

support from the mould by pressure on the clay foundation (E,

fig. 204, is the finished support).
" When the support is taken from the mould it is placed in a hot

plate or sand-bath to dry, after which the rough edges are taken off

by a rasp. It is then ready for use. The bottoms of Supportsfor
Reductions are painted with red ochre, mixed with rice paste, to

distinguish them from the other kind. The size I have fixed upon
is as follows : height, half an inch ; diameter at top, half an inch ; at

bottom, two-fifths of an inch. The weight is about 16 grains, con-

sisting of 10 grains of clay crucible, and 6 grains of combustible

matter. I have tried several other sizes, but this I find to be the

most generally convenient. Nevertheless, a higher temperature can

be produced upon a smaller support, and I find that large masses of

charcoal are not essential, since many blow-pipe experiments can be

finished during the combustion of only two grains of charcoal. When
in use, they are supported by a handle made of wire, turned into the

form of a ring
"

(see fig. 205 : b a wire passing through a cork, c,

which serves as
FIG. 205. . .. _ .

a handle, a is a

small capsule.

Mr. Griffin re-

commmends a

piece of tobacco

pipe for the

handle of the

wire support.)
" The following is the method of using these supports :

"
Firstly , the surface of one of the supports for fusion is heated

before the blow-pipe till it is red hot. If then removed from the

blow-pipe flame, the support continues to burn like an ordinary
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pastile till it is consumed down to the clay : in this respect the

support has a superiority over common charcoal, which soon ceases

to burn when removed from the fire. The ignited support is then to be

rested on a porcelain capsule, (d, Fig. 205), and a quantity of micro-

cosmic salt, sufficient to form a bead, is placed on its red hot surface.

The salt instantly melts, and sinks into the central cavity, so as to form

a bead (F, Fig. 206), the heat, the form, and the smoothness of the

surface of the support facilitating this part of the process. The salt

is then heated before the blow-pipe, till it is converted into a trans-

parent colourless bead. The support is again placed on the porce-

lain capsule, and the metallic substance intended to be incorporated

with the bead is added to it. The support continuing to be red hot,

and the bead consequently continuing soft, the substance so added is

immediately absorbed, and its loss by dispersion prevented : whereas,

upon common charcoal, the fused salt solidifies soon after it is

removed from the flame, and the substance added for examination, not

adhering to it, is often blown away by the first blast from the blow-pipe

jet. The bead is now again fused, till the substance added to it is

decomposed, and the resulting glass is observed to fuse quietly. It is

then ready for examination, but it is sunk in the bottom of the hollow

of the support (see.F, Fig. 206), and cannot be seen by transmitted light,

unless the projecting sides of the support

be removed. This is effected as follows :

The support is placed as before on the

porcelain capsule, and the operator

blows with his mouth, without the

blow-pipe, strongly down upon its sur-

face. The pastile then burns away ra-

pidly, and the force of the blast disperses

the ashes, until the whole rim of the support is consumed. The

bead then appears situated on the summit of a cone (see G, Fig. 206),

and can be examined either by reflected or transmitted light. It is

also in a position adapted for exposure to the different action of the

oxidating and reducing flames, so as to have the character of the

included metal fully developed. If, finally, the charcoal is allowed to

burn wholly away, the coloured bead can be lifted from the ashes

and preserved in a closed glass tube for subsequent examination and

comparison.
"
Secondly, if the surface of one of the Supportsfor Reductions

be heated before the blow-pipe, it burns at first like the simple char-

coal support ; but in proportion as the charcoal is consumed, the
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fluxes which were mixed with it, and which are not volatile, concen-

trate and fuse upon the surface of the residue. If, therefore, a

reducible metallic compound is heated upon such a support, it

becomes at once exposed to the reducing action of the high tempera-

ture, of the nascent oxide of carbon, and of the carbonate of soda, whilst

any earthy matter that it may contain is vitrified by the attendant

borax. For example, a crystal of sulphate of copper, as large as the

surface of the support, can be decomposed upon it, and all its

elements can be driven off, except the copper, which is finally obtained

in a metallic bead. A globule of metallic tin, an eighth of an inch

in diameter, can be kept boiling upon a support without being con-

verted into oxide. A crystal of quartz can be fused into soda-glass.

Flint-glass can be melted with metallic oxides in such quantities as

to form metallic beads of enamel or coloured glass, the sixth of an

inch in diameter. And these effects are producible upon a support

of the weight of only 16 grains, and, during the combustion, of not

more than 2 or 3 grains of charcoal."

The power of restricting the consumption of charcoal is a merit

which will render these composition supports acceptable to travelling

mineralogists.

Platinum. This metal is much employed as a support in cases

where charcoal would be injurious by its reducing power. It is used

in three forms, viz. wire foil, and as a spoon, or small capsule.

Wire forms a support which in many cases renders the use of a

foil or a spoon superfluous. It ought to be about 2J- inches long,

and curved at one of its extremities, so as to form there a small circle,

which is employed as a support in the following manner. After

having moistened the necessary flux, place it on the curved part and

fuse it in the blow-pipe dart : it will be converted into a bead, which

will adhere to the curvature. The substance to be examined is then

placed on the fused bead, and the whole heated together. This

method of procedure is exceedingly convenient, but must not be

employed where any metal is expected to be produced. This caution

must be heeded in the use of all platinum vessels. To clean the

wire for use after an operation, all that is necessary is to soak it in

dilute hydrochloric acid, which will generally dissolve the metallic

glass formed, and the wire will then be fit for a new operation.

When the end of the wire has become too thin by repeated use, it

must be cut off, and a new curve made. It will by this management
be enabled to be used a very great number of times.
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g07
The platinum spoon (see

fig. 207) and foil are used

in much the same way ; but

as charcoal and theplatinum

wire answer every purpose,

it will be unnecessary to

describe their use further :

small iron spoons of the

above form are also made,

and are very useful in cases where the presence of iron is not

objectionable.

Cyanite and Mica have been employed as supports, but since

platinum has been in use, they have been discarded.

Glass tubes. In cases where it is necessary to roast a substance,

in order to ascertain whether any volatile body is given off during
that process, glass tubes, about 3 inches long, and the eighth of an

inch in diameter, are to be recommended. They ought to be made

of hard German glass, or at all events a hard glass containing no

lead. In order to use them, the substance must be introduced, and

placed at about an inch from one end : the tube is then to be so

inclined that this end is the lowest : heat is then applied either by a

spirit lamp or the blow-pipe flame, as circumstances require : if only

a gentle heat be needed, the lamp is sufficient ; if a stronger, the

blow-pipe must be employed. Air may be made to pass over the

ignited body with any degree of velocity, according to the inclination

given to the tube ; if it be horizontal, air is nearly excluded, and the

more it is inclined to the perpendicular, the greater will be the

current admitted. The nature of the volatile substances may be

ascertained at the upper end of the tube by the smell, if gaseous,

by the appearance if merely sublimed. This is a most useful appa-

ratus, and, moreover, has great simplicity in construction and use to

recommend it.

Closed glass tule, or matrass. This apparatus is to be em-

ployed where the presence of air is prejudicial or not necessary;

as, for instance, in experimenting on minerals, to ascertain whether

they contain water or other volatile substance, or to heat such

minerals as decrepitate. In cases where sulphur, for instance, is

required to be sublimed, the top of the tube must be closed by the

finger, so as to prevent access of air ; otherwise the sulphur would

burn, and become converted into a gaseous compound, viz. sulphu-

rous acid.
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Forceps are of several kinds, according to the use for which they
are destined. There are forceps for holding fragments of mineral in

the blow-pipe flame, for the purpose of ascertaining the comparative

fusibility, &c. ; this kind of forceps is furnished with platinum tips

on one extremity, and steel nippers at the other, (see : fig. 208) ;

FIG. *08

these latter are intended for breaking a fragment from a mineral or

harder substance; other forceps made of steel are also very useful,

(see figs. 209 and 21 0). These are employed for more refractory

minerals, alloys, &c.

FIG. 209. FIG. 210.

There are also forceps for trimming the lamp or candle. These

are conveniently furnished with a small spoon or shovel at the

II
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FiG. 211.

apposite end : this is used for taking up small portions of

fluxes or substance to be assayed.

Hammer. This useful instrument is in constant requisition by
the blow-pipe operator. Two sizes are needed ; they may be of

the form recommended for those employed in the ordinary course of

assay, as described in the first chapter, but must be very much

lighter, (see fig. 211).

Anvil. An anvil is also re-

quisite to flatten grains of metal,

crush ore, &c. It is best made of

a block of steel, about 2 inches

square and
-J-

an incn thick,

polished well on both sides. It

must be kept very clean.

Knife. A knife is absolutely

indispensable. It is used for

ascertaining the relative degree

of hardness of minerals, for

taking up portions of fluxes and

pulverized ore in order to mix

them together, cutting charcoal,

nnd a multitude of other impor-

tant operations. It ought to be

made of the best steel, and have

a stout sharp point, and a rather

large handle, which enables it to

be held firmly in the hand.

A few files are necessary.

They ought to be of the best

description ;
some may be trian-

gular, others half round, ami

others round, of various degrees

of fineness. They are useful

for trying the hardness of minerals, cutting glass tubes, wires, &c.

Pestle and Mortar. This piece of apparatus must be made of

agate ; it ought to be about \ an inch deep, and 2 inches in diaAeter.

When they are bought, the pestles are generally without handles,

and they are in that state inconvenient in use
;

it is therefore advisa-

ble to furnish them with handles, turned from some hard wood.

The mortar is used for pulverizing samples of minerals and fluxes,

also for detecting traces of metal in any substance submitted to



BOTTLES, LENS, AND FLUXES. 163

assay. They may be cleaned either by strong nitric acid, or friction

with a piece of pumice stone ; the latter method of procedure is

generally the best in practice.

A series of stoppered, wide-mouthed bottles, or turned wood boxes,

is required to keep the re-agents in. The bottles are preferable,

A dropping tube, a few porcelain capsules, and a pocket mag-

nifying glass, (see fig. 212), will complete the list of apparatus, if

FIG. 212.

we except a tin-plate or other box, fitted with compartments, to

receive the various re-agents, and apparatus.

Fluxes and Re-agents. These most important bodies may be

classified under two heads the liquid and solid. They are as

follows :

LIQUID.

/"
*

*
*

Nitrate of cobalt.

baryta.

silver.

Nitric acid (aqua fortis) .

Sulphuric acid (oil of vitriol).

Hydrochloric acid (spirits of salts).

Ammonia.

hydrosulphuret (sulphuret of ammonium).
carbonate.

oxalate.

Soda, phosphate.

carbonate.

sulphate.
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Potash, caustic.

Platinum, sodio-chloride.

Alcohol.

Eerrocyanide of potassium.

Ferridcyanide of potassium.

SOLID.

Carbonate of soda.

Ammonio-phosphate of soda (microcosmic salt) .

Biborate of soda (borax).

Fluor-spar.

Boracic acid.

Sulphate of lime.

Pure lead.

Bisulphate of potash.

Iron wire.

Litmus paper.

Oxide of copper.

Brazil wood paper.

Copper wire.

Tinfoil.

Mtre.

Cyanide of potassium.

Bone ashes.

Silica.

LIQUIDS.

Nitrate of Cobalt (CoO,N05 )
is best formed by dissolving the

carbonate or oxide of cobalt in nitric acid. It ought to be free from

arsenic and nickel, and the solution must be moderately strong.

It is used as a test for alumina, magnesia, and zinc, by the

blow-pipe.

Nitrate of Baryta (BaO,N05) may be prepared by acting on the

native carbonate of baryta by dilute nitric acid, until no more is

taken up. The solution is then to be filtered, and evaporated to the

point of crystallization. "When all the crystals are formed, drain

them from the mother liquor, and dry them on filtering paper.

When used as a test, this salt must be dissolved in distilled water.

It is employed as a test for sulphuric acid.

Nitrate of Silver (AgO,N05 ). This compound is always em-
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ployed in a state of solution, and may be prepared by acting on

metallic silver by means of hot dilute nitric acid. When no more

red fumes are given off, and all the silver dissolved, evaporate by a

gentle heat to dryness to expel excess of acid, redissolve in dis-

tilled water, and crystallize. When required for use, the crystals

must be dissolved in distilled water. It is a most delicate test

for chlorine.

Nitric Acid (HO,N05 ), (aqua fortis), is best bought ready-made.

It is employed in the solution of various metals, alloys, and ores, and

for the discrimination of certain precipitates.

Sulphuric Acid (HO,S03), (oil of vitriol), is employed for the

detection of lead, lime, baryta, and many other substances. It is

in constant use.

Hydrochloric Acid (HC1), (spirit of salts), is used in the solu-

tion of many minerals, precipitates, &c. It is an excellent test

for silver.

Ammonia (NH40) is much employed in the precipitation of

metallic oxides, neutralization of acids, &c.

Ammonia, Hydrosulphuret, Sulphuret of Ammonium (NH4S)

forms sulphurets of most of the metals when added to their solutions.

Some of thsse sulphurets are soluble in excess of acid, some are not,

and some are soluble in an excess of the re-agent itself, so that a

complete separation of all the metals into three classes can be effected

by means of this re-agent.

Ammonia, Carbonate (NH40,C02), is employed as a test for many
of the earths ; it is also employed in in the removal of an excess of

acid from a solution.

Oxalate of Ammonia (NH40,O) is used as a test for lime, with

which its oxalic acid forms a salt perfectly insoluble in water.

Soda, Phosphate (2NaO,HO,P05 ), is employed as a test for

magnesia.

Soda, Carbonate (NaO,C02) . For its uses, see Carbonate of
Ammonia.

Soda, Sulphate (NaO,S03), is used as a test for lead, baryta, &c.

Potash, Caustic (KO,HO), is used in the separation of iron from

alumina, as also nickel from cobalt.

Platinum, Sodio-chloride (NaCl,PtCl2), is an excellent test for

potash in any substance.

Alcohol (C4H5O,HO) is used in the detection of boracic acid,

soda, &c.

Ferrocyanide (Cy3FeK2
= CfyK2)

and Ferridcyanide (Cy6Fe2K3=
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CfdyK3 ) of Potassium are tests for the peroxide and the prot-

oxide of iron ; the former salts giving a blue precipitate with salts

of the peroxide, and the latter with salts of the protoxide.

SOLIDS.

Carbonate of Soda (NaO,C02) . The plain carbonate or the

bicarbonate may be indifferently employed ; but in either case it jj

absolutely necessary that they be free from sulphates.

There are two objects in view in the employment of soda as an

auxiliary to the blow-pipe ; firstly, to ascertain if the substances

combining with this body be fusible or infusible ; and secondly, to

facilitate the reduction of certain metallic oxides.

The Fusion of Substances with Soda. Berzelius says, that,
"
relatively to the employment of soda, there are many things to

observe. The necessary quantity must be taken from its receptacle

on the moistened point of a knife, and kneaded in the palm of the

hand, so that it may form a coherent mass. If the body under

examination be pulverulent, it must be incorporated with it, but if in

lump it must be placed upon it, forcing it slightly into the moistened

soda ; then carefully heated on the charcoal with a gentle flame,

until thoroughly dry; and lastly, it may be fused. It generally

happens that the soda, at the instant of fusion, is absorbed by
the charcoal ; but this does not hinder its action on the assay ; for

if it be fusible with soda, the latter comes to the surface and attacks

it, finally forming a liquid globule. If the substance be infusible in

soda, but decomposable by it, it alters its appearance without entering

into fusion. But, however, before pronouncing any substance to be

infusible by soda, the flux ought to be mixed with the pulverized

substance. If in these trials too little* soda be taken, a portion of

the substance remains solid, and the rest forms a covering of trans-

parent glass ; if too much, the bead of glass becomes opaque on

cooling. It sometimes happens that the assay contains a substance

which being insoluble in the glass of soda, prevents it becoming

transparent. Then, in order that we may fall into no error respecting

the nature of the glass, it becomes necessary in the two last-men-

tioned cases to add a new quantity of the body under examination,

and then ascertain if a limpid globule cannot be obtained. In

general, it is the best method to add the soda by successive small

doses, and note the changes produced by each addition. It sometimes
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happens, iu this kind of assay, that the glass becomes coloured at

the moment of cooling, and finally takes a yellow or deep hyacinth

red; it even becomes occasionally opaque and yellowish-brown.

These phenomena indicate the presence of sulphur, either in the assay

or the soda employed. If the same colour be constantly produced

by the same soda, it is a proof that it contains sulphate of soda ; it

must then be discarded ; but if it give generally a colourless glass,

it is the substance under assay that contains sulphur or sulphuric

acid."

Reduction of Metallic Oxides. This species of assay, by which

quantities of reducible metals, so small as to escape the best humid

analyses, can be detected, is the most important discovery Gahn

made in the application of the blow-pipe.

If a small quantity of native or artificial oxide of tin be placed on

charcoal, it requires a long blast and a skilful operator to produce a

grain of metallic tin ; but if a small quantity of soda be added, the

reduction takes place readily, and so completely with pure oxide, that

the whole is transformed into a button of tin. From this it is

certain, that the presence of soda favours the decomposition;

but in what manner? Berzelius says that the reason is not

known.

The action, however, can be explained thus, as Berzelius himself

hints: "The red-hot charcoal reacts upon the carbonate of soda,

producing by its reduction a certain amount of sodium, which by

its strong attraction for oxygen seizes on that contained by the

metallic oxide which is required to be reduced." If the metallic

oxide contain an irreducible substance, the reduction of the former

becomes difficult
; but if a little borax be added, the reduction takes

place as usual.

This assay is very easy of execution, and the metal is moreover

readily recognized, as by previous assays the nature of it is

somewhat ascertained, and the reduction but confirms the previous

idea.

Supposing, however, that the metallic oxide be mixed with such a

quantity of non-reducible substances that its nature cannot be

ascertained by previous experiment, how can it be proved that a

reducible metal is present ?

Gahn has solved this question in a very simple manner. " After

having pulverized the substance to be assayed, it is kneaded- in the

palm of the hand with moistened soda, and the mixture placed on

charcoal and exposed to a good reducing flame
;

a little more soda
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is then added, and the blast recommenced. As long as any portion

of the substance remains on the charcoal, soda is added in small

portions, and the blast continued until the charcoal has absorbed the

whole of the mass. The first quantities of soda serve to collect the

metallic particles scattered in the substance to be assayed, and the

final absorption of the latter completes the reduction of any that

may remain in the state of oxide.

" This done, the burning charcoal is extinguished with a few drops

of water ; then having cut out the part which absorbed the soda and

assay, grind it to a very fine powder in an agate mortar. This powder
is then washed with water to carry away the finest portion of the

charcoal. The grinding and washing are repeated until all the

charcoal is washed away. If the substance contained no metallic

body, nothing will remain in the mortar after this last washing.

But if it contained the smallest quantity of reducible matter, it is

found at the bottom of the mortar, as small brilliant plates if it be

malleable, or as a fine powder if it be brittle or not fusible. In either

case, the bottom of the mortar is covered by metallic traces, resulting

from the friction of the particles of metal against its sides, (provided

that the quantity of metal contained in the sample be not too small).

The flattening of almost imperceptible globules of any malleable

metal converts them into shining discs of a perceptible diameter.

In this manner may be discovered by the blow-pipe, in an assay of

ordinary size, less than a half per cent, of tin, and even less than that

of copper."

The following points in this class of assay ought to be particularly

attended to. Firstly, to produce the strongest possible flame, taking

care that it covers every part of the assay. Secondly, to leave none

of the metal in the charcoal, or lose the smallest quantity in the

collection. Thirdly, to well grind the carbonaceous mass. Fourthly,

to decant very slowly, so that only the lighter parts may be carried

away by the water. Fifthly, not to judge of the result until the

whole of the charcoal has been removed, for a small quantity remain-

ing suffices to hide the metallic particles ; and, moreover, the particles

of charcoal, viewed in a certain light, have themselves a metallic

lustre, which will deceive an inexperienced eye. Sixthly and lastly,

not to trust to the naked eye, however plain the sample may be, but

always examine by the aid of a good microscope.

Thefmetals reducible by this process are (besides the noble metals),

molybdenum, tungstenum, antimony, tellurium, bismuth, tin, lead,

copper, nickel, cobalt, and iron. Amongst these, antimony, bismuth,
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and tellurium, volatilise easily when they are exposed to a strong

heat. Selenium, arsenic, cadmium, zinc, and mercury, volatilise so

completely that they cannot be collected except by means of a small

subliming apparatus.

The reduction can always be effected the first time when the assay

contains from 8 to 10 per cent, of metal ; but in proportion as the

standard decreases, more attention and care must be paid to the

washing and recognition of the reduced metal in the mortar. A. good

system of practice in this experiment is to employ any cupreous

substance, and make on it a great number of experiments, taking care

to mix it each time with a substance containing no copper ; thus the

metallic value will diminish at each new assay, until at last no copper

can be found.

If the substance to be assayed contains several metals, the reduction

of their oxides must be made in globo, and a metallic alloy obtained.

Some, small in number, are reduced separately. For instance, copper

and iron give a regulus of each metal ; copper and zinc, the first

gives a regulus of copper, whilst the latter volatilises. But

when the result of the operation is an alloy, recourse must be

had to the re-actions produced by other fluxes to ascertain its

constituents.

Ammonia-phosphate of Soda, Microcosmic Salt (2NaO,NH4O,

PO5 )
is obtained by dissolving 16 parts of sal ammoniac in a very

small quantity of boiling water, and mixing with it 100 parts of

crystallized phosphate of soda, dissolving the whole on the fire,

filtering the boiling liquid, and during cooling the double salt

crystallizes. When microcosmic salt is not pure, it forms a glass,

which becomes opaque by cooling. It is then necessary to dissolve

it in a small quantity of water and recrystallize it.

It may be collected in large crystals, or in a pulverulent state.

The crystals are in general of a suitable size for ordinary assays.

Placed on charcoal, and submitted to the blow-pipe flame, it bubbles

and swells up, giving off ammonia ; that which remains after this

treatment is an acid phosphate of soda, which fuses readily, and

forms on cooling a transparent and colourless glass. As a re-agent,

it acts principally by its free phosphoric acid ; and if the salt be em-

ployed in preference to the acid, it is because it is less deliquescent,

costs less, and passes readily into the charcoal. By means of

microcosmic salt we then ascertain the action of free acids on any

substance we may wish to assay. The excess of acid it contains

combines with all bases, and forms a class of double salts, more or
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less fusible, which are examined as to their transparency and colour.

In consequence, this flux is used more particularly in the detection

of the metallic oxides, most of which impart to it very characteristic

colours. This flux exercises on acids a repulsive action. Those

which are volatile, sublime ;
and those which are fixed remain in the

mass, dividing the base with the phosphoric acid, or yielding it up

entirely ; in which case they are suspended in the glass without being

dissolved. In this respect, microcosmic salt is a good test for sili-

cates ; for by its aid silica is liberated, and appears in the glass as a

gelatinous mass.

Borax, Biborate of Soda (NaO,2B03+ 10HO). The borax

of commerce must be dissolved in hot water, and re-crystallized

before it can be used in blow-pipe analysis. Gahn made many ex-

periments on the fusion of borax on charcoal with soda, until both

salts were absorbed ; a whitish metal was produced, which appeared

to proceed from the vessels in which the borax was manufactured.

This never happened with borax which had been re-crystallized.

Borax may be employed either in crystals, the requisite size for an

assay, or in a pulverulent form, in which case it must be taken up on

the moistened point of a knife. Some operators prefer fusing the

borax before use, in order to drive off its water of crystallization, and

thus avoid the tumefaction ensuing after the heating of a crystal on

charcoal. This, as Berzelius observes, would be an excellent pre-

caution, provided the borax did not regain its water of crystallization;

but it recovers it to a small depth, and boils up when exposed to the

blow-pipe flame, although not so much as before. As for myself, I

always employ plain borax, because the tumefaction is no great in-

convenience, and it is not difficult to fuse a mass so tumefied into a

globule.

Borax is employed in the solution or fusion of a variety of sub-

stances. It is best to commence by acting upon a scale of the sub-

stance to be examined, because if a powder be employed the resulting

action cannot be so well ascertained. The following phenomena are

to be carefully watched, for in treating any substance with borax it

must be particularly noted whether the fusion takes place rapidly or

otherwise ; without motion or with effervescence ;
if the glass result-

ing from the fusion is coloured ; and if that colour changes in the

oxidising or reducing flame
; and lastly, if the colour diminishes or

increases on cooling, and if, under the same circumstances, it loses or

retains its transparency.

Some substances possess the property of forming a limpid glass
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with borax, which preserves its transparency on cooling, but which,

if slightly heated in the exterior (oxidising) flame, becomes opaque
and milk white, or coloured when the flame strikes it in an unequal

or intermittent manner. The alkaline earths, as yttria, glucina, zir-

conia ; the oxides of cerium, tantalum, titanium, &c., belong to this

class. In order to be certain of this result we must assure ourselves

that the glass is saturated to a certain point with either of the above

class of bodies. The same thing, however, does not happen with

silica, alumina, the oxides of iron, manganese, &c., and the presence

of silica prevents the production of this phenomenon with the earths ;

so that alone they present this peculiar appearance with borax ; but

when combined wieh silica, (as natural silicates, for instance), no

such effect is produced. This operation has received the name of

flaming, and any substance thus acted upon is said to become opaque

by flaming.

Fluor-spar, Fluoride of Calcium (CaFl), and Gypsum, Sul-

phate of Lime (CaO,S03). These two bodies (deprived of water) are

used to indicate the presence of each other. If a small piece of

gypsum be placed in contact with a similar piece of fluor-spar, they

soon liquefy at their points of contact ; they then combine, and form,

by fusing, a colourless and transparent bead of glass, which becomes

enamel-white on cooling. Fluoride of calcium is thus employed as a

test for gypsum, and vice versa.

Boracic Acid (B03) (fused) is used to ascertain the presence of

phosphoric acid.

Lead (Pb) is made use of in cupelling argentiferous or auriferous

substances ; it must be free from silver. Dumas states that the best

method of obtaining lead in this desirable state is to decompose the

best white-lead by means of charcoal, as it is then impossible for it to

contain any other metal.

Bisulphate of Potash (KO,S03,HOS03)
is employed in the detec-

tion of nitric acid, bromine, iodine, and fluorine.

Litmus Paper is made by brushing over the finest writing-paper

with a strong watery infusion of litmus, and allowing it to dry out

of contact of acid fumes. In this state, it is of a fine blue colour,

which is changed to red on contact with an acid base j it is used to

detect that class of bodies. When reddened by a slight excess of an

acid, it becomes blued by an alkali, and hence can be used as a test

for all those substances.

Brazil Wood Paper is prepared in the same manner as the last,

substituting rasped Brazil wood for litmus in making the infusion.
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It is used as a test for sulphurous acid, which bleaches it, and fluorine,

which renders it yellow.

Tinfoil (Sn) is employed to reduce certain peroxides to the state

of protoxide. When it is used, a small roll of it, about J of an inch

long, is plunged into the fused button, and heated strongly in the

reducing flame : the desired effect is then produced.

Bone-ash is employed with lead in the cupellation of those sub-

stances containing gold or silver. The following method may be

employed in preparing this substance for the purpose it is required.

A small portion of very finely powdered bone-ash is taken up on the

point of a knife, adding to it a small portion of soda, and making the

whole into a consistent paste with a little water. A hole of the size

of the intended cupel is then scraped in a piece of charcoal, and

filled with the bone-ash paste, which is then formed into a smooth

hollow by means of the small agate pestle. It may then be heated

gradually by the blow-pipe until perfectly dry. The substance to be

assayed, previously fused with lead, is then placed in the centre of

the cupel, and heated in the exterior flame. The lead thus becomes

oxidised, and the noble metal, or metals, remain on the cupel. This

test is so delicate, that from a very small bead of lead (commercial)

a globule of silver, visible to the naked eye, may be obtained ; and, in

fact, it may be demonstrated that the globule is silver, by dissolving

it in nitric acid on a slip of glass, and precipitating it as chloride by

hydrochloric acid.

Silica (Si03 )
has the property of forming with soda a perfectly

transparent glass, which is employed in the detection of sulphuric

acid.

Oxide, of Copper (CuO) is employed to detect the presence of

hydrochloric acid and chlorine.

Copper Wire (Cu) is sometimes employed in ascertaining the

presence of iodine and chlorine.

Nitre, Nitrate of Potash (KO,N05 ), in long and thin crystals, is

employed in hastening the oxidation of those substances which do

not readily combine with oxygen in the exterior flame. It is used

as follows : the point of a crystal is thrust into the fused bead
;
but

in order to prevent the cooling of the latter, the crystal is held by a

pair of pliers, so that when the bead begins to cool it may be with-

drawn, the bead re-heated, and the crystal employed as before, until

the desired effect is produced.

Iron Wire (Pe) is employed to precipitate many metals, and in the

separation of sulphur and the fixed acids from any substance with
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which they may be combined. The metals which can thus be preci-

pitated, or deprived of sulphur, are copper, lead, nickel, and antimony.

For instance, if a small piece of iron (harpsichord) wire be placed in

a substance in fusion, and acted upon by the blow -pipe, it becomes

covered with the reduced metal ; the latter sometimes appears as small

globules.

Iron has the property of reducing phosphorus from phosphoric

acid or the phosphates, giving rise to a phosphuret of iron, which

forms on fusion a white, brittle, metallic globule.

Cyanide of Potassium (KCy). This is a most useful flux, and

has only lately been introduced. MM. Haidlen and Fresenius say :

" We have examined its action on many oxides, sulphurets, salts, &c.,

in reference to its use as a re-agent combined with the blow-pipe.

We prefer, in general, a mixture of equal parts of anhydrous soda

and cyanide of potassium. This mixture was employed on account

of the great facility with which the pure cyanide fuses. It acts, in

general, so very similarly to pure soda, that it would be superfluous

to describe singly the changes which each individual body appeared

to undergo when exposed to its action. We cannot, however, pass

over the following especial advantages which it possesses as compared
with soda. Firstly, reductions are obtained with such great facility

that the least practised operator may execute reductions which would

otherwise, be very difficult ; for instance, the reduction of tin from

either its oxide or sulphuret : and, secondly, that the fused mixture of

cyanide of potassium with soda is so easily absorbed by the charcoal,

that the grains of reduced metal can always be most distinctly per-

ceived, and may be most easily separated therefrom for further

examination."

Pure cyanide of potassium may be made by heating dry ferrocya-

nide of potassium to whiteness in close iron vessels, and dissolving

the cyanide in alcohol of 60 per cent. ; but the salt in its pure state

is not used as a blow-pipe re-agent ; it is the mixture of cyanide of

potassium with cyanate of potash, formed in the read est manner by

Liebig's process, which may be thus conducted. Eight parts of ferro-

cyanide of potassium are rendered anhydrous by a gentle heat, and

intimately mixed with three parts of dry carbonate of potash ; this

mixture is thrown into a red-hot earthen crucible, and kept in fusion,

with occasional stirring, until gas ceases to be evolved, and the re-

suiting mass becomes colourless. The crucible is left at rest for a

moment, and the clear salt decanted from the heavy black sediment



174 SIZE OF ASSAY.

at the bottom. The ferrocyanide and the carbonate employed ought
to be perfectly free from sulphuric acid.

GENERAL ROUTINE OF BLOW-PIPE OPERATIONS.

Size of the Assay. The morsel operated on is sufficiently large

when the effect of the heat and the fluxes added can be distinctly

discerned. The size of the assay-piece generally recommended is

much too large ;
its size ought to be about that of a mustard-seed ;

that of the flux added, about the size of a hemp-seed. Besides, when

a large piece is employed, the experiment consumes so much more

time, and requires so much more labour than a smaller piece. It is

only in reductions that a larger piece may be successfully employed,

because in that case, the more metal produced, the more readily can

its nature be ascertained. Having thus endeavoured to fix the size

of the assay, we will now lead our readers to the operations necessary

in blow-pipe analysis, and in the order in which they are to be per-

formed.

Firstly. The substance is heated in the closed tube, or matrass,

over a spirit-lamp. It may, by this treatment, decrepitate, or give

off water, or some other volatile substance.

Secondly. It is heated gently on charcoal, by aid of the blow-

pipe ; and, as soon as warm, withdrawn from the heat, and the odour

given off ascertained : volatile acids, arsenic, selenium, or sulphur,

may be present. The odour thus produced by the oxidising flame

must be compared with that produced by the reducing flame ; if any

difference, it must be carefully noted. Sulphur, selenium, &c., are

best detected in the oxidising flame, and arsenic in the reducing

flame.

Thirdly. The substance is examined as regards its fusibility. If

it be in grains, it is better acted upon on charcoal, notwithstanding

its liability to escape on the first insufflation, when they are not very

fusible. But if we can choose the form, it is better to knock off a

small splinter, by means of the hammer, and hold it in the flame by
the platinum-pointed pincers. A fragment with the most pointed and

the thinnest edges ought to be selected. By thus acting, we can

always ascertain at a glance if the substance be fusible or not. In-

fusible substances retain their sharp points and angles, which can be

ascertained immediately by means of a microscope. The same points
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are merely rounded in bodies of difficult fusibility, and in substances

of easy fusion are rendered globular.

Certain substances, and particularly some minerals, change both

aspect and form when exposed to the blow-pipe flame without en-

tering into fusion ; some swell up like borax ; some of them fuse

after tumefaction ;
others keep in that state without fusion. Some

minerals give off a sort of foam on fusing, giving rise to a kind of

blebby glass, which, although transparent itself, does not appear so,

on account of the multitude of air-bubbles it contains.

This bubbling and tumefaction take place in the greater part of

the minerals only at that temperature at which all the water is dis-

engaged ; and these ramifications appear to proceed from a new

molecular arrangement, produced by the increment of heat on the

constituent parts of the substance. It cannot be said that the ex-

pansion of a particular part of the substance, and its formation into

gas, gives rise to this> because it most often happens in those sub-

stances which contain no such substance. The minerals which gene-

rally give these indications are the double silicates of lime, or alkali

and alumina. It sometimes disappears after a few instants, and

occasionally lasts as long as the substance is kept in fusion. In the

latter case, it seems that the assay takes carbonic acid from the flame,

which carbonic acid is transformed by the charcoal into carbonic

oxide, and it is that gas which causes the bubbles.

In the employment of fluxes, it is necessary to continue the blast

for a sufficiently long time, because some substances appear infusible

at the commencement of the operation, and gradually yield to the

influence of the flux, and in about two minutes enter into full fusion.

Tlve substance is best added in small quantities, and no new dose

must be introduced until the former one is perfectly acted upon ; so

that a,t last the glass arrives at that degree of saturation that it

can dissolve no more : it is at this particular point the re-actions are

most vivid and plain. Beads of glass, not so saturated, do not give

such decided indications.

Occasionally, in operating with a flux on the reducing flame, it

happens that the assay-bead re-oxidises during the cooling of the

charcoal, and thus the labour of a preceding operation is lost. In

order to obviate this inconvenience, fhe charcoal is turned over, so

that the bead may fall in a yet liquid state on some cold body, as a

porcelain plate.

When the colour of the bead is so intense that it appears opaque,

its transparency can be proved by holding it opposite to the flame of
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a lamp ; the reversed image of the flame can then be seen in the

bead, tinged with the colour imparted to the flux by the body under

experiment. The globule may also be flattened by a pair of pliers

before it cools, or it may be drawn into a thin thread. In either of

the last-mentioned cases its colour can readily be ascertained.

Minerals exposed to the exterior and interior flame, either with or

without fluxes, present a variety of phenomena, which ought to be

carefully noted, and which, collectively, form the result of the assay.

The smallest circumstance must not be overlooked, because it may
lead us to ascertain the presence of a substance not suspected. It

is always necessary, in all cases, to make two assays, and compare
the separate results j because it sometimes happens that an appa-

rently trivial fact had been overlooked in the first series of operations,

which materially conduces to the good result of the experiment. We
shall now proceed to indicate the re-actions produced on the various

oxides of the commoner metals, in a state of purity, by the blow-

pipe, with and without fluxes. Their hydrates and carbonates present

much the same appearances.

Potash (KO), Soda (NaO), and Lithia (LiO), cannot be distin-

guished with any degree of certainty by the blow-pipe; their presence

is best ascertained by the wet assay ;
that is to say, however, with

the exception of soda. Potash colours the blow-pipe flame bluish ;

soda, yellow ; and lithia, red. These indications, however, will be

more fully discussed under the head of Coloured Flames.

Baryta (BaO), alone, is infusible. The hydrate is fusible, but

soon becomes a solid crust, on account of its losing water.

Carbonate of Baryta (BaO,CO2 )
fuses very readily into a limpid

glass ; and, on cooling, takes the appearance of a white enamel. On

charcoal it effervesces, and becomes caustic baryta ;
it then behaves

as above stated.

With borax, baryta fuses easily into a limpid glass, with a lively

effervescence. It becomes opaque by flaming.

With microcosmic salt it fuses easily, with a brisk effervescence,

during which the globule foams and swells ;
after which, it is trans-

formed into a limpid glass.

With soda it fuses and sinks into the charcoal.

With nitrate of cobalt it produces a bead, which, when hot, is

brick-red. It loses this colour by cooling.

Strontia (SrO). Alone, it presents the same phenomena as

baryta ;
as it does also with microcosmic salt and borax.

Soda does not dissolve caustic strontia. Carbonate of strontia,
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mixed with its own volume of soda, fuses into a limpid glass, which

becomes enamel-white on cooling.

With nitrate of cobalt strontia becomes black, or greyish-black,

and does not fuse like baryta.

Lime (CaO), alone, undergoes no alteration. Carbonate of lime

becomes caustic, giving off a very strong light.

With borax it readily fuses, giving a limpid glass, which becomes

opaque by flaming.

With microcosmic salt it fuses in large quantity, giving rise to

a limpid glass, which preserves its transparency on cooling.

Soda scarcely acts either upon lime or its carbonate, passing into

the charcoal, and leaving them unaltered upon its surface.

Acted on by nitrate of cobalt, lime gives a blackish mass, which

is infusible.

Magnesia (MgO), alone, undergoes no alteration.

With borax, behaves as with lime.

With microcosmic salt, fuses readily,

With soda,.no action.

With nitrate of cobalt, after a strong heat, becomes flesh-red ;

which tint, however, is not well seen until after perfect cooling.

Alumina (A12O3), alone, does not change.

With borax, fuses slowly, and forms a diaphanous glass, which

becomes opaque either by cooling or flaming.

With microcosmic salt it forms a transparent glass.

With soda it swells a little, forming an infusible compound. The

excess of soda is absorbed by the charcoal.

With nitrate of cobalt it gives a fine blue colour by a strong

blast. This colour is best observed by daylight, and is very charac-

teristic of alumina.

Molybdic Acid (M03 ). Alone, in the open inclined tube, it fuses,

giving off a white smoke, which condenses in the form of a white

powder on the sides of the tube. Heated on platinum foil, it fuses

and smokes. The fused portion is brown, but becomes yellowish

and crystalline on cooling. In the reducing flame it becomes blue.

With borax it fuses on the platinum wire, forming in the exte-

rior flame a colourless and transparent glass. On charcoal, in the

reducing flame, the glass becomes brown, and loses its transparency.

With microcosmic salt it fuses on the platinum wire in the exte-

rior flame, producing a transparent glass, which, while hot, is green-

ish, but which colour it loses on cooling. In the reducing flame, the

green becomes opaque, appears black or deep blue, but by cool-

N
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ing becomes nearly as beautiful a green as that produced by oxide

of chromium.

With soda, inolybdic acid fuses on the platinum wire with effer-

vescence, forming a limpid glass, which becomes milk-white by

cooling.

Acted on by soda on charcoal, molybdic acid is absorbed as

soon as fused ; and by removing the charcoal which has absorbed it,

and treating it by washing and grinding, a large quantity of metallic

molybdenum may be obtained.

Tungstic Acid (WO3). Alone, it blackens, but does not fuse in

the reducing flame.

With borax it fuses readily on the platinum wire, forming a

colourless glass in the outer flame, which does not become opaque by

flaming. In the reducing flame the glass is yellowish when it

contains only a small proportion of acid, and the colour augments in

intensity by cooling, becoming perfectly yellow.

With microcosmic salt, tungstic acid dissolves, forming in the

exterior flame a colourless or slightly yellowish glass. In the re-

ducing flame it becomes a tine blue, more beautiful than that of

cobalt. If the acid contains iron, the glass assumes a perfectly dif-

ferent appearance, becoming blood-red.

Soda dissolves tungstic acid on the platinum wire, converting it

into a transparent and deep yellow glass, which crystallizes on cool-

ing, becoming an opaque white or yellow. If tungstic acid be treated

on charcoal with a small quantity of soda in the reducing flame, a

steel-grey slag is obtained, which, by washing and levigating, fur-

nishes metallic tungsten.

Oxide of Chromium (Cr2O3). Alone, undergoes no change.

With borax, fuses difficultly, even in small quantity. The glass

has a splendid emerald-green colour, which is principally developed

during cooling.

With microcosmic salt it fuses in the exterior as well as in the

interior flame, furnishing a deep green glass; and a very small quan-

tity of oxide suffices to produce this effect.

Soda dissolves oxide of chromium on the platinum wire in the

exterior flame, producing a deep orange glass, which becomes yellow

on cooling. In the reducing flame it becomes opaque*. It is green

after cooling.

Antimony (Sb) and its Oxides. Metallic antimony fuses

readily on charcoal, and, when heated to redness, remains a conside-

rable time in a state of ignition without the aid of the blow-pipe,
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disengaging a thick white smoke. This smoke is gradually deposited

on the charcoal around the metallic globule in small crystals, having

a pearly lustre, and which, in course of time, cover it entirely.

These crystals are oxide of antimony. Metallic antimony alone in

the matrass does not sublime but at the fusing point of glass.

Heated to redness in the open tube, it burns slowly, giving a white

smoke, which deposits on the glass, and presenting here and there

traces of crystallisation.

Oxide of Antimony (Sb03 ). Alone, readily fuses, and passes off

as a thick white vapour. It is reduced to the metallic state on

charcoal. Tn this operation it colours the flame greenish.

Antimonious Acid (SbO4 )
does not fuse, but gives off a vivid

light, diminishing at the same time in bulk, and covering the char-

coal with a white powder, but is not reduced.

Antimonic Acid (SbO5 )
whitens at the first impingement of the

flame, and is converted into antiinonious acid.

The oxides and acids of antimony behave alike with fluxes.

Borax dissolves a large quantity of antiinonious acid without

becoming opaque. The glass continues yellow while hot, but loses

nearly all its colour on cooling. When saturated, a portion of the

antimony sublimes in the metallic state.

Microcosmic salt forms with the same acid a transparent and

colourless glass. On the platinum wire, in the oxidating flame, it

becomes yellow, which tint vanishes on cooling.

With soda, on the platinum wire, it fuses into a transparent and

colourless glass, which becomes white on cooling. It is reduced on

charcoal.

Oxide of Tellurium (Te02 ). Alone, on the platinum wire, it

fuses, giving off a smoke. It fuses and is reduced on charcoal. The

reduced metal is easily confounded with antimony and bismuth.

With borax and microcosmic salt it gives on the platinum wire

a limpid and colourless glass, which on charcoal becomes grey and

opaque, on account of the presence of particles of reduced metal.

With soda, on the platinum wire, it produces a colourless glass,

which becomes white by cooling. It is reduced on charcoal.

Oxide of Tantalum (TaO2 ). Alone, undergoes no change.

With borax it forms a colourless and transparent glass, which

becomes opaque by flaming.

With microcosmic salt it fuses readily and in large quantity,

giving rise to a colourless glass, which preserves its transparency on

cooling.
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Soda takes it up, and the combination is made with effervescence,

but without the solution or reduction of the oxide.

As oxide of tantalum much resembles some of the earths in its

reactions with the fluxes, it may be confounded with some of them

in an assay by the blow-pipe. It can be recognised from glucina,

yttria and zirconia, by combining with the microcosinic salt, and

remaining transparent on cooling, even when the oxide of tantalum

is in excess. It is distinguished from alumina by its action with

borax and nitrate of cobalt ; the last-mentioned re-agent having no

action on oxide of tantalum, but producing a pure blue colour with

alumina.

Oxide of Titanium (TiO). Alone, undergoes no change.

With borax it fuses readily on the platinum wire, forming a

transparent glass, which becomes opaque by flaming. If the pro-

portion of oxide be increased, the glass becomes opaque on cooling.

Exposed to the reducing flame, the glass is yellow, if the proportion

of oxide is small, becoming deep amethystine red after complete

reduction, which tint becomes deeper by cooling. The glass is

transparent, and very like that furnished by oxide of manganese in

the oxidating flame, but is rather more blue. With a larger pro-

portion of oxide, on charcoal, in the reducing flame, the glass

becomes deep yellow, and acquires, by cooling, so deep a blue

colour, that it appears black and opaque. If, however, it bejfcww*rf,

it becomes light blue, but opaque and similar to an enamel. The

tint varies in several experiments, being sometimes finer one time

than another.

Microcosmic salt dissolves oxide of titanium in the outer flame,

forming a colourless and limpid glass. In the reducing flame it

gives a yellowish glass while hot, but when cold it first takes a red

tint, and finally becomes a very fine bluish violet. A large quantity

renders the colour so opaque that it appears black, but does not

assume the appearance of an enamel. This colour may be made to

disappear in the exterior flame. Its reduction is effected better on

charcoal than on the platinum wire ; but requires even on charcoal

a sustained fire. The addition of tin much facilitates the reduction

of oxide of titanium. If the oxide of titanium contain iron, or if

iron be added to the glass coloured by oxide of titanium, the violet

colour disappears, and the glass becomes red in the reducing flame.

Soda dissolves oxide of titanium with effervescence, forming a

transparent and deep yellow glass, which does not sink into the

charcoal, and becomes white by cooling. This glass possesses the
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property of crystallising the instant its ignition ceases. The oxide

of titanium is not reducible on charcoal, even with soda.

With solution of cobalt, oxide of titanium takes a black or greyish-

black colour.

Oxides of Uranium (UO and U2O3 ). Alone, blacken, but do

not fuse.

With borax fuse into a deep yellow glass, which becomes dull

green in the reducing flame. The colour can be restored by exposing

it to the oxidating flame on the platinum wire. On charcoal, the

same operation is very difficult.

With microcosmic salt give a transparent yellow glass on the

platinum wire, the colour of which is lessened on cooling, and finally

becomes straw-yellow with a tint of green. In the reducing flame

they give a fine green glass, which becomes yet more beautiful on

cooling.

Soda does not dissolve them. With an extremely small quantity of

the flux, some signs of fusion may be perceived. The mass, with a

larger quantity, becomes a deep brown.

Oxides ofCerium (CeO and Ce2O3). Alone, the peroxide becomes

protoxide, which latter does not change.

Borax dissolves the oxide in the oxidating flame, giving rise to a

fine red or deep orange glass, which becomes lighter, and finally

takes a yellow tint, which becomes enamel-white on flaming. In

the reducing flame it loses its colour.

With microcosmic salt the oxide gives by fusion a fine red glass,

which, on cooling, loses its colour, taking the limpidity of water.

In the reducing flame the glass becomes colourless.

With soda it does not fuse ;
the flux, however, passes into the

charcoal,

The reactions of oxide of cerium much resemble those of iron,

especially when the cerium is combined with silica. The oxides of

iron and cerium do not behave in the same manner with the fluxes,

excepting when they are combined with silica, as before stated, in

which case it is impossible to detect cerium by means of the blow-

pipe.

Oxides of Manganese (MnO,MnO2,Mn3 4). Alone, the pro-

toxide is not fusible, but becomes brown in a strong flame.

With lorax it forms a transparent glass, having the colour of

amethyst, which becomes colourless in the reducing flame. If much
oxide be present, the glass must be poured on a cold body, at the

instant the blast ceases. The colour returns by a slow cooling.
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With microcosmic salt it fuses readily, forming a transparent

glass, which is colourless in the reducing flame, and amethystine in

the oxidising flame. If the glass produced hy the union of oxide of

manganese with phosphoric acid contain so little of the former as to

give no sensible reaction, it can be rendered evident by plunging
into the bead a crystal of nitre. The bead swells and foams, and

the froth becomes on cooling an amethystine or pale rose tint,

according to the quantity present.

With soda, the oxide fuses on platinum foil or wire, forming a

transparent green glass, which becomes on cooling a bluish green.

This assay is best made on platinum foil. One-thousandth of oxide

of manganese gives a very perceptible colour with soda.

Oxide of Zinc (ZnO). Alone, becomes deep yellow when heated.

This assay must be made by day-light. It re-assumes its white

colour on cooling. It does not fuse, but gives off a vivid light

during incandescence. It is gradually evaporated in the reducing

flame, during the continuance of which a yellow ring is deposited on

the charcoal, which becomes white on cooling.

With borax it fuses readily, and gives a transparent glass, which,

with a large proportion of oxide, becomes milky by flaming. It

assumes an enamel-white appearance on cooling. In the reducing

flame the metal sublimes, and covers the charcoal with a white film.

With microcosmic salt it behaves as with borax, except that the

metal sublimes less readily with the first than the second.

Soda does riot dissolve it ; but acted on by this re-agent on

charcoal, it is reduced, and covers the charcoal with a coating of

oxide.

With solution of cobalt it assumes a fine green colour.

Oxide of Cadmium (CdO). Alone, in the oxidising flame, on

platinum foil, undergoes no change. On charcoal it is very soon

dissipated, at the same time covering the charcoal with a red or

orange-yellow powder. This phenomenon is so decided in oxide of

cadmium, that minerals as carbonate of zinc, for instance contain-

ing only 2 per cent, of carbonate of cadmium, on being exposed for

a moment to the reducing flame, deposit, at a slight distance from the

assay, a yellow or orange-yellow ring of oxide of cadmium. The

cooler the charcoal is, the better it is observed. This ring forms

before that of zinc, and the insufflation must not be long continued,

otherwise the coloured ring will be covered by the deposit of oxide

of zinc, and the operator be inclined to believe that the mineral

contained no cadmium.



BLOW-PIPE REACTIONS. 183

Borax dissolves a very large quantity on the platinum wire, form-

ing a transparent glass, whose yellowish colour disappears on cooling.

If the glass be nearly saturated, it becomes opaque by flaming ; and

if quite saturated, it is enamel-white on cooling. On charcoal,

the cadmium is reduced, covering the former with its characteristic

yellow film.

Microcosmic salt also dissolves a very large quantity, forming a

transparent glass, which, when saturated, forms a milk-white enamel

on cooling.

Soda does not fuse it on the platinum wire. It is reduced on

charcoal, with the production of the orange-yellow coating.

Oxides of iron (FeO,Ee2O3 and Fe3O4). Alone, undergo no

change in the oxidising flame
;
but in the reducing flame the first two

blacken and become magnetic.

With borax they give a dull red glass in the oxidising flame, which

brightens on cooling, and finally takes a yellowish tint, or even

becomes colourless on cooling. If the bead contain a very large

propDrtion of oxide, it is opaque in the liquid state, and, on cooling,

becomes a dull impure yellow. In the reducing flame, it becomes

bottle-green, and, if the reduction be forced to the highest possible

extent, assumes a lively bluish-green tint, exactly like protosulphate

of iron. Tin very much accelerates the reduction of the higher oxides

to the state of protoxide.

With Microcosmic salt they behave as with borax, but the green

colour disappears more completely, and may be entirely got rid of by
the application of tin.

Soda does not dissolve the oxides of iron, but causes them to be

absorbed by the charcoal, in which they are easily reduced, and may
be obtained as a grey, magnetic, metallic powder.

Oxide of Cobalt (CoO). Alone, suffers no change.

With borax it readily fuses, forming a fine transparent blue glass,

which does not become opaque by flaming. A very small quantity

colours the glass completely blue, and a large quantity imparts so

deep a colour as to make it appear black.

With microcosmic salt the appearances are the same as with

borax.

Soda dissolves but a very small quantity on the platinum wire :

the fused mass is pale red by transmitted light, and becomes grey

on cooling.

Carbonate of potash dissolves a larger quantity of this oxide,
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forming a black mass, without, the slightest mixture of red. This

reaction presents a method of distinguishing potash from soda.

The oxide of cobalt is very readily reduced on charcoal in the

interior flame, either by an alkali or an alkaline salt. After the soda

and charcoal are washed away, a grey metallic powder is obtained,
which takes the metallic lustre under the burnisher.

Oxide of Nickel (NiO) . Alone, is not acted upon.
With borax it fuses very readily, producing an orange-yellow or

red glass, which, by cooling, becomes yellowish or nearly colourless.

A larger quantity of the oxide gives a glass which, when liquid, is

deep brown, but which, on cooling, becomes dull red and transparent.

This colour is destroyed in the reducing flame, and the glass becomes

grey, on account of particles of metallic nickel being disseminated

through it.

With microcosmic salt it fuses, giving rise to the same phenomena
as with borax ; but the colour nearly, if not quite, disappears on

cooling. It behaves alike in the oxidising and reducing flames, by
which reaction it is distinguished from iron. Tin produces, at first,

no change ; but after a short time the nickel precipitates and the

colour disappears. If cobalt be present, it can then be perceived ;

but the blue glass is opaque, and cannot be so well distin-

guished with this flux as when treated in the same manner with

borax.

Soda does not dissolve oxide of nickel. A large quantity of this

flux, however, causes the charcoal to absorb it ; it is then reduced,

and furnishes, by washing, small, white, brilliant, metallic particles,

which are as strongly attracted by the magnet as wrought iron,

Bismuth (Bi), Oxide of Bismuth (BiO). Alone, oxide of bis-

muth fuses readily on the platinum wire, forming a deep brown mass,

which becomes yellow on cooling. If acted upon by a very intense

flame, it is reduced, and perforates the platinum. It is reduced in-

stantaneously on charcoal.

With borax it fuses into a colourless glass in the oxidising flame.

In the reducing flame it becomes greyish, owing to the dissemination

of particles of bismuth.

Microcosmic salt forms with it a brownish-yellow glass. In the

reducing flame, particularly with tin, a glass is formed, which is clear

and colourless while hot, but becomes greyish-black on cooling.

Oxide of copper presents nearly the same phenomena under the same

circumstances, but with this difference, that tin produces a red colour.
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Owing to the facility with which bismuth may be reduced, it is

nearly always on the metal that the assay is made
; hence it becomes

very important to distinguish it from the antimony and tellurium,

with which it may be readily confounded.

Firstly, in the matrass neither antimony nor bismuth sublime at a

temperature the glass can bear. Tellurium, on the contrary, gives at

once a little smoke (by means of the oxygen of the atmosphere), and

finally, a grey sublimate of metallic tellurium is obtained.

Secondly, in the open tube antimony gives a white vapour, which

lines the interior of the tube, and which can be driven by heat from

one part to another without leaving the least trace. The metallic

bead is always covered by a notable quantity of fused oxide.

Tellurium gives much vapour, which attaches itself to the sides of

the tube as a white powder, which is capable of fusion into colourless

drops by the application of heat.

Bismuth gives no smoke if it be not combined with sulphur ; and

the fused metal is surrounded by the brown fused oxide, which

strongly attacks the glass.

Thirdly, on charcoal these three metals give off vapour by the

action of heat, and leave a ring around the spot on which they are

placed. That from antimony is quite white ; those from bismuth

and tellurium, red or orange. If the reducing flame be made to play

upon them they disappear, at the same time colouring the flame a

deep green if tellurium be present, and pale bluish-green if antimony.

It is not coloured at all by bismuth.

Oxides of Tin (SnO andS2). Alone, the protoxide, in the state

of hydrate, lights and burns like tinder, becoming peroxidised. The

peroxide does not fuse or undergo any change except in the reducing

flame, which, if strong and long continued, entirely reduces it without

the aid of any re-agent. Nevertheless, this operation requires much

practice and experience.

With borax it fuses with great difficulty and in small quantity,

giving rise to a transparent and colourless glass, which remains so

during cooling. The colour of the glass is not changed in the re-

ducing flame.

With microcosmic salt it behaves as with borax.

Soda and oxide of tin combine with effervescence on the platinum
wire. The result of this combination is a blebby infusible mass,

which cannot be dissolved by a large quantity of borax. On charcoal

it is easily reduced, and gives a grain of tin.

Oxide of Lead (PbO). Alone, minium blackens when heated,
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and is transformed into the yellow oxide. It forms by fusion a fine

orange glass, which is reduced by effervescence on charcoal.

With, borax it fuses readily on the platinum wire, and gives a

transparent glass, which, when saturated and hot, is yellowish, but

which becomes colourless on cooling. It is reduced on charcoal.

With microcosmic salt it readily fuses into a transparent and

colourless glass.

With soda, oxide of lead readily fuses on the platinum wire,

forming a transparent glass, which becomes yellowish and opaque by

cooling. Its reduction takes place instantaneously on charcoal.

Oxide of Copper (CuO). Alone, in the oxidising flame, it is fused

into a black bead, which is reduced on charcoal. In the reducing

flame, at a temperature which does not suffice to fuse copper, the

oxide is reduced, and shines with the lustre characteristic of metallic

copper; but as soon as the blast ceases the metal re-oxidises, and

becomes black or brown. Exposed to a stronger heat, it gives a

bead of metallic copper on fusion.

With borax, oxide of copper readily fuses in the oxidising flame,

forming a beautiful green glass, which loses its colour in the reducing

flame, but which on cooling becomes cinnabar-red and opaque. If

the oxide of copper be impure, the glass is generally deep brown, and

does not become opaque but in an intermittent flame.

With microcosmic salt it fuses, attended with the same pheno-

mena as with borax. If the quantity of copper be small, the glass

occasionally becomes transparent and ruby-coloured in the reducing

flame : this change takes place at the instant of solidification. Com-

monly the glass becomes red and opaque, similar in appearance to

an enamel.

When the quantity of copper is so small that the character of the

red oxide cannot be made evident in the reducing flame, a small

quantity of tin must be added, arid the flame kept up only for an

instant. The glass, previously colourless, becomes red and opaque

by cooling. If the blast be kept up too long, the colour is destroyed,

owing to the reduction of the copper.

With soda, on the platinum wire, a beautiful green glass is

formed, which becomes opaque and colourless on cooling. On char-

coal it is absorbed, and the oxide reduced. There are no means of

detecting so small a quantity of copper as by the aid of the blow-

pipe ;
that is, when it is not in combination with other metals, which

by their reduction would disguise its presence. In the latter case

we must use borax and tin. When copper and iron are associated
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together, a single assay separates them into distinct particles; the

one may be told by colour, and the other by being attracted by the

magnet.

Mercury (Hg) . The compounds of mercury are all volatile, and

cannot, in consequence, be distinguished by their reaction with any
of the fluxes. Substances containing mercury are assayed by being
mixed with a little tin, iron filings, or oxide of lead, and heating the

mixture to redness in the closed tube or matrass. In this operation

the mercury is reduced, and collects in the coldest part of the tube

as a greyish powder, which being brought together by the end of a

feather, collects as metallic globules. When the quantity is very

small, the globules may be distinguished by aid of the microscope.

Oxide of Silver (AgO) . Alone, is reduced instantaneously.

With borax a part is dissolved and a part reduced. In the oxi-

dising flame the glass becomes, on cooling, milk-white, taking the

colours of the opal according to the quantity of the silver dissolved.

In the reducing flame it becomes greyish, owing to the dissemination

of particles of metallic silver.

With microcosmic salt the oxide and the metal give in the oxi-

dising flame a yellowish opaline glass ; seen by refraction, in the day,

it appears yellow ;
seen in the same manner by the light of the lamp,

it appears reddish.

The other noble metals, as gold, platinum, iridium, rhodium, and

palladium, give no reactions with the fluxes, as they are not oxidisable.

They are best examined by cupellation.

Osmium is a metal found associated in the ores of platinum. It

possesses the following characteristic : it is converted into an oxide

which immediately volatilises, giving a peculiar pungent odour, some-

what similar to chlorine.

Silica (SiO3). Alone, undergoes no change.

With borax it fuses slowly and gives a clear glass, of difficult

fusion, which is not rendered opaque by flaming.

Microcosmic salt dissolves but a very small quantity. The fused

glass preserves its transparency after cooling; that which is half

fused has but a semi-transparency.

With soda it fuses, giving rise to a brisk effervescence, with the

production of a limpid glass.

With solution of cobalt, in certain proportions, it takes a faint

bluish tint, which becomes black, or deep grey, according to the

quantity of cobalt. It is by means of this colour that silica is

distinguished from some aluminous substances.
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Sulphur (S) gives, on burning, the well-known odour which is

due to the formation of sulphurous acid. It leaves no residue,

when pure, on being heated on the platinum foil.

COMPOUNDS OF SULPHUR WITH THE METALS I SULPHURETS.

These bodies may be recognised by the odour of sulphurous acid

they exhale when heated on charcoal or in the open tube. When
the quantity of sulphur contained in any compound is too small to

be detected by the smell, its presence may be ascertained by fusing

it with a bead composed of carbonate of soda and silica. The

glass, on cooling, takes a brown or reddish-yellow colour, accord-

ing to the quantity of contained sulphur. This method cannot

always be employed, because the associated metals mask the colour,

in which case the mineral must be roasted in the open tube, in

the upper part of which is placed a piece of Brazil-wood paper.

If sulphur be present, the red colour of the paper will disappear.

A quantity of sulphur, so small as to be imperceptible to the smell,

will bleach this test paper. This method must always be followed

in the detection of sulphur in the sulplmrets of antimony, because

it is difficult to ascertain its presence by the smell.

The principal object, however, in view in the examination of the

metallic sulphurets, is to ascertain the presence of some particular

metal, in which case they must be roasted, taking care to observe

the precautions pointed out for the roasting of ores for assay by

the furnace. The roasting must always be executed in the oxidis-

ing flame, and great care taken to apply only a very gentle heat at

first, otherwise the assay will fuse, and it will then be impossible

to continue the roasting with the sample. Great care must be

taken to expel the whole of the sulphur, otherwise no reduced

metal can be obtained by the action of soda, as sulphuret of sodium

forms fusible compounds with most of the metallic sulphurets.

Selenium (Se) can be sublimed under the same circumstances

as sulphur. The sublimate, if small, is reddish ;
but if large, so

deep a colour as to appear black. It gives, when heated in the

open air, according to some writers, a strong smell of decayed horse-

radish ; but to me the smell most resembles that of the bisulphuret

of carbon. Owing to this peculiar smell, it is very readily distin-

guished by the blow-pipe from all other bodies.

Seleniurets. With the glass of silica and soda, the seleniurets
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behave as the sulphurets; but the colour disappears sooner by a

long blast than that produced by the sulphurets. When a seleniuret

is combined with a sulphuret, the selenium sublimes as selenium,

while the sulphur is disengaged as sulphurous acid. If selenium be

found with tellurium, the oxide of tellurium first sublimes, and,

finally, the selenium is deposited nearest the point heated. Some-

times the sulphuret of arsenic sublimes with the same appearances

as selenium, but never with the same odour.

Phosphorus entirely burns away, giving off a white fume, which

is phosphoric acid.

SALINE SUBSTANCES : SULPHATES, PHOSPHATES, IODIDES, BROMIDES, &C.

Sulphates. The presence of this class of bodies is ascertained

in the same manner as sulphur, by means of the glass of soda and

silica. The sulphates of the metals proper, when heated with char-

coal in the close .tube, give off sulphurous acid, which may be de-

tected either by the smell ox by its action on Brazil-wood paper.

The metals of the alkalies and alkaline earths give no sulphurous

acid when treated in this manner.

Nitrates. All the salts of nitric acid deflagrate with carbona-

ceous matters. This, however, is not characteristic, for the chlo-

rates also possess this property. If any nitrate be heated in the

close tube with bisulphate of potash, red fumes of nitrous acid are

evolved.

Bromides, heated with bisulphate of potash in the closed tube,

give off vapours of bromine, which are similar in appearance to

those of nitrous acid, but which recall the smell of chlorine. Under

the head of Coloured Flames, another method of distinguishing

bromine will be pointed out.

Iodides, acted on by bisulphate of potash, give rise to splendid

violet-coloured vapours, which are characteristic. (Also, see Co-

loured Flames.}

Chlorides, treated with bisulphate of potash and peroxide of

manganese, evolve chlorine, which may be recognised by its pecu-

liar odour and yellowish-green colour. (For further information,

see Coloured Flames.)

Fluorides, heated with bisulphate of potash, give rise to fluoric

acid, which may be distinguished by its power of corroding glass.
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As fluorine occurs in very small quantities in certain minerals, and

as it is rather difficult of detection, full instructions will be given.

In case the mineral is very rich in fluoric acid, it may be mixed

with microcosmic salt (previously fused), and heated at the extre-

mity of an open tube, so that part of the current of air feeding

the flame can pass into the tube. Aqueous fluoric acid is then

formed, which can be recognised by its odour and by the corrosive

action it exercises on the tube. If a slip of Brazil-wood paper be

held at the opening of the tube, it becomes immediately yellow.

On the contrary, when the acid exists but in minute quantity, as in

fossils, or where it is combined with weak bases, or with a certain

proportion of water, the substance can be heated in the close tube,

after the introduction of a piece of moistened Brazil-wood paper.

Hydro-fluosilicic acid is liberated by the heat, and a dull ring of

silica deposited on the glass, a little above the assay; and lastly,

the end of the Brazil-wood paper is turned yellow. Three or four

per cent, of fluoric acid can be detected in this manner.

Phosphates. The following is the method recommended by Ber-

zelius for the detection of phosphoric acid.
" The substance to be

assayed is dissolved in boracic acid, and, when a good fusion is

effected, a piece of fine steel wire, a little larger than the diameter

of the bead, is forced into it, and the whole then exposed to a good

reducing flame. The iron is oxidised at the expense of the phos-

phoric acid, causing the formation of a borate of the oxide of

iron and phosphuret of iron, which fuses at a sufficiently high

temperature. The bead is then taken from the charcoal, enveloped

in a piece of paper, and struck lightly with a hammer, by which

means the phosphuret of iron is separated from the surrounding
flux. It exists as a metallic-looking button, attractable by the mag-

net, frangible on the anvil, the fracture having the colour of iron.

If the substance under assay contained no phosphoric acid, the iron

wire will keep its form and metallic lustre, excepting at the ends,

where it will be oxidated and burnt. The substance to be assayed

ought not to contain sulphuric acid, arsenic acid, or any metallic

oxides reducible by iron."

Hydrates. The presence of water in these substances can be

ascertained by heating them in the close tube. If any water be

present, it will vaporise and condense on the coolest portions of

the tube.

Silicates. These compounds of silica with bases are decom-
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posed by fusion with microcosmic salt, the silica being set at liberty

and the base combining with the phosphoric acid. When but a

small quantity of microcosmic salt is employed, it often happens
that the silica swells at the moment of decomposition, absorbing
the liquefied mass. By adding a large quantity of the flux, the

whole can be converted into a globule, which retains in suspension

the semi-transparent tumefied silica. This can best be perceived

when the glass is in a state of ignition.

COLOURED FLAMES.

There are a great number of substances best detected by the

colours they impart to the flame of the blow-pipe. Indeed, so im-

portant is this point, that it has been thought advisable to collect

all the facts known on this subject into one place,' rather than

scatter them over the work. These experiments are best made in

a dark room, and with a very small flame.*

BLUE FLAMES.

Large intense blue

Pale clear blue

Light blue

Blue .
-

.

"

.-;.-

Greenish blue .

Blue mixed with green

GREEN FLAMES.

Very dark green, feeble

Dark green

Dark green . ,

Full green . ^ .

'

Full green ;
. . .'

;

Intense emerald green : ,
:

?

Emerald green, mixed with blue

Pale green :
. .'

'
'

;

Very pale apple green

Intense whitish green .

''

Chloride of copper.

Lead.

Arsenic.

Selenium.

Antimony.
Bromide of copper.

Ammonia.

Boracic acid.

Iron wire.

Tellurium.

Copper.

Iodide of copper.

Bromide of copper.

Phosphoric acid.

Barytes.

Zinc.

* Griffin's Blow-pipe Analysis, page 148.
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YELLOW FLAMES.

Intense greenish yellow . . Soda.

Feeble brownish yellow . . Water. <>

RED FLAMES.

Intense crimson . . . Strontian.

Reddish purple .... Lithia.

Eeddish purple .... Lime.

Violet . . . ;. ... Potash.

Chlorine, combined with copper, gives an intense blue flame.

This phenomenon may be produced as follows : Take a piece of thin

brass wire, and bend one end of it several times upon itself ; place

upon this some microcosmic salt, and fuse it until it has acquired a

green colour. Then add to it the substance suspected to contain

chlorine, and place it in the oxidising flame just at the point of the

blue flame, when, if any chloride be present, a splendid blue colour

will be produced.

Lead. The blue colour produced by this metal is readily obtained.

Fragments of a mineral must be held in the tongs, and powder may
be assayed on charcoal.

Arsenic, in the metallic state, gives rise to a light blue flame.
*

Selenium and Antimony, when treated in the same manner, afford

characteristic flames.

Bromine. If any substance containing bromine be placed in ^

bead of fused microcosmic salt on the brass wire, and then in the

oxidising flame, a bright blue flame, with emerald green edges, will

be produced.

Boracic Acid. The following is Dr. Turner's process for the

detection of boracic acid.
'' The substance is to be mixed with a

flux composed of 1 part of fluor-spar, and 4J parts of bisulphate of

potash. This mixture is to be made to adhere to the moistened end

of a platinum wire, and held at the point of the blue flame ; at the

instant of fusion, a dark green flame will be produced. It may also

be produced by merely dipping the mineral in sulphuric acid, and

exposing it to the blow-pipe blast. In case a very small quantity of

boracic acid is contained in a mineral, the following process may be

employed: The substance must be fused with carbonate of potash

on charcoal, moistened with a drop or two of sulphuric acid, and

then a few drops of alcohol
;
the latter will burn with a green flame

when exposed to the flame of the blow-pipe.
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Tellurium. The peculiar flame given by this metal is produced

by heating a portion of its oxide on charcoal in the reducing flame.

Copper. All the compounds of copper, except those in which

bromine and chlorine enter, give a beautiful green flame. The

soluble salts give it per se, but the insoluble require moistening with

sulphuric acid.

Iodine and Copper. To the bead of microcosmic salt on the

brass wire, add any compound containing iodine, and a bright green

flame will be produced when the mass is heated in the oxidising flame.

Phosphoric Acid. The phosphates, when moistened with sul-

phuric acid, give a light green tint to the outer flame.

Baryta. The soluble salts of baryta give a light green colour to

the outer flame when moistened with water.

Zinc, when exposed to the blow-pipe flame, burns with an intense

whitish-green light.

Soda. Any salt of soda, or substance containing soda, being ex-

posed to the outer flame, gives a brush of intensely coloured flame,

of a fine amber or greenish-yellow.

Water. Certain minerals containing water give a feeble yellowish

tint to the flame.

Strontia. All the salts of this substance which are soluble in

water give a crimson tint to the flame, which does not endure after

the substance is fused. Carbonate of strontia must be moistened

with hydrochloric acid, and sulphate of strontia must be reduced to

the state of sulphuret by ignition with charcoal ; it must then be

moistened with hydrochloric acid; after which treatment it will

exhibit the characteristic flame.

Lithia. All that has been said of strontia applies to lithia, with

the remarkable exception, that the coloured flame given by lithia is

permanent, whilst that afforded by strontia is evanescent.

Lime acts as strontia.

Potash, treated as soda, gives a purplish light ; but the re-actions

of potash and soda with oxide of cobalt are the best tests of their

presence, combined with the peculiar light afforded by soda.

ON THE INDICATIONS GIVEN BY THE MOST COMMON OF THE
MINERALS ON BEING TREATED BY THE BLOW.PIPE,

AIDED BY FLUXES.

MINERALS OF COPPER.

Sulphuret of Copper. Alone, on charcoal, gives off sulphurous
o
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acid, fusing readily in the outer flame. In the inner flame it is

covered witti a crust, and does not fuse.

In the open tube sulphurous acid is disengaged, but no sublimate

is produced. The residue, treated with soda and borax, gives a button

of copper.

Argentiferous Sulphuret of Copper. Alone, fuses easily,

giving off sulphurous acid. Cupelled with lead, on bone-ash,

it leaves a large bead of silver, and the cupel appears a blackish

green.

Sulphuret of Antimony and Copper, Bournonite. Alone, in

the open tube, gives off the antimonial smoke, with an odour of

sulphurous acid. A slip of Brazil-wood paper, on being placed

within the tube, is bleached.

On charcoal, a deposit of antimony, but no trace of lead. The

bead diminishes in size, becoming grey, and semi-malleable. Pused

with soda, it gives a grain of copper.

Copper Pyrites, Sulphuret of Iron and Copper. Alone, on

being heated, blackens, becomes red by cooling, and fuses more easily

than the sulphuret of copper, finally giving a bead attractable by the

magnet. This bead is brittle, and reddish-grey in the fracture. If

after a long exposure to the oxidising flame it be treated with a

small quantity of borax, a regulus of copper is obtained.

In the open tule, much sulphurous acid is given off.

With Soda, globules of iron and globules of copper are obtained,

provided the ore has been sufficiently roasted.

Sulphuret of Tin and Copper, Tin Pyrites. Before the blow-

pipe it becomes, by roasting, covered with a snow-white powder,

which is oxide of tin. The white powder also encircles the globule

to the extent of about two lines.

In the open tube, sulphurous acid is given off.

Needle-ore, Aikenite* Alone, it fuses, giving off vapour, which

coats the charcoal snow-white, slightly yellowish on the interior

edge, finally giving a metallic bead resembling bismuth.

In the open tube it gives off a white smoke, one part of which

is fusible, and the other volatile. The first part is converted by
fusion into limpid drops, which become white by cooling ; there is

also an odour of sulphurous acid. Treated by fluxes, the resulting

bead of bismuth gives the re-action of copper. After a long blast,

a grain of copper may be obtained, which by cupellation with lead

* So named by Chapman.
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gives traces of silver. The fusible white smoke, at the commence-

ment of the operation, indicates the presence of tellurium.

The Oxides of Copper. The action of the fluxes, &c., on these

bodies has already been pointed out.

Chloride of Copper. Alone, colours the flame blue, with

greenish edges. A red pulverulent deposit forms on the charcoal

around the assay; the fused matter reduces, giving a grain of

copper, surrounded by slag.

With the fluxes, the chloride behaves as the oxides.

Carbonate of Copper. Alone, in the matrass, gives water, and

blackens.

On charcoal it fuses, and behaves like oxide of copper.

Arseniate of Copper behaves with the fluxes in the same manner

as the oxide of copper, but exhales a strong odour of arsenic, and

gives, when reduced with soda, a white and brittle bead.

ORES OF LEAD.

Sulphuret of Lead, Galena. Alone, on charcoal, does not fuse

until after disengagement of sulphur ; globules of lead then form

on the surface, and finally a bead of lead is obtained. By cupelling

this, the presence of silver may be ascertained. After cupellation,

the bone-ash indicates by its colour whether the lead were pure or

not ; if it were, when cold the cupel would be pure yellow ; copper
renders it green, and iron brown or blackish.

In the tube, galena gives off sulphur, and a white sublimate of

sulphate of lead.

Oxide of Lead. Its action with fluxes has been already shown.

Sulphate of Lead decrepitates, fuses on charcoal in the outer

flame into a transparent bead, which becomes milky by cooling. In

the reducing flame it effervesces, giving a button of lead.

Carbonate of Lead behaves like oxide of lead.

Phosphate of Lead. Alone, on charcoal, it fuses, the bead

crystallizing as it cools. The crystals have large facets, and a pearly

whiteness.

With the fluxes it behaves like oxide of lead.

ORES OF ZINC.

Zinc Blende, Black Jack, Sulphuret of Zinc. Alone, decre-

pitates violently. Suffers no remarkable change on ignition ; does
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not fuse, and gives off but a very slight odour of sulphurous acid,

being very difficult to roast.

On charcoal, an annular deposit of oxide of zinc is formed

when heated violently in the outer flame.

Soda attacks it feebly ; but the zinc is reduced in a good fire,

with the deposition of oxide of zinc on the charcoal.

Carbonate of Zinc, Calamine. Alone, gives off no water, but

becomes a white enamel, which behaves like oxide of zinc.

ORES OF TIN.

Oxide of Tin. Its behaviour with fluxes has already been

noticed.

ORES OF IRON.

Sulphuret of Iron (Magnetic Pyrites}. Alone, undergoes no

change.

Tn the open tube, gives sulphurous acid.

On charcoal, becomes red in the outer flame, and is changed, by

roasting, into an oxide of iron.

Common Pyrites. Alone, in the matrass, exhales an odour of

sulphuretted hydrogen, whilst sulphur is eliminated.

On charcoal it behaves like magnetic pyrites.

Mispickel, Arsenical Pyrites. Alone, gives first a red sublimate,

which is sulphuret of arsenic, then a black
;
and lastly, in a strong

fire, metallic arsenic sublimes. Treated on charcoal, the residue

gives no arsenical odour, and behaves like magnetic pyrites.

On charcoal, mispickel gives a thick smoke of arsenic, then

fuses, exhaling the odour of that metal. If the mispickel contain

cobalt, it can be detected after well roasting the ore, and fusing the

residue with borax or microcosmic salt
; after cooling, the glass

takes the characteristic colour of cobalt.

Magnetic Oxide of Iron, and Oxide of Iron, behave as already

described.

Carbonate of Oxide of Iron, heated in the matrass, gives no

water. Some species decrepitate strongly. Exposed to a gentle

heat, it blackens, and gives oxide of iron, very attractable by the

magnet.

Chromate of Iron. Alone, undergoes no alteration. With

borax and microcosmic salt, the solution is slow but complete. The

characteristic colours are alone apparent when the bead is hot ; but

as soon as it cools, the fine green of chromium makes its appearance.
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This re-action is most intense when the substance is treated in the

reducing flame, and appears in all its lustre by the addition of tin.

Hydrate of Iron gives water in the matrass, and leaves red oxide

after fusion with microcosmic salt ; it gives with tin some traces

of copper,

COBALT ORES.

Sulphuret of Cobalt. In the matrass, gives no volatile substance,

and does not decrepitate. In the open tube gives sulphurous acid,

and a white sublimate, which consists of drops perceptible by the

microscope ; they are concentrated sulphuric acid. There are no

traces of arsenic.

With the fluxes, the re-actions of cobalt so predominate that it is

impossible to discover those of iron and copper ; but if it be fused

many times with borax, in the exterior flame, (that is, the grey bead

produced by fusion on charcoal of the mineral itself), the borax

removes the cobalt, and the copper concentrates ; so that when

the mass is fused with microcosmic salt, and exposed to the reducing

flame, the red colour of the oxide of copper is produced, shaded,

however, by the cobalt blue,

Arsenical Cobalt. Alone, in the open tube, gives an abundance

of arsenious acid with great facility. In the matrass, some species

give a little metallic arsenic ; others give none.

On charcoal all disengage an arsenical smoke and odour, and

give by fusion a white metallic bead.

Cobalt Glance (Tunaberg). Alone, in the matrass, suffers no

change.

In the open tube, roasts with difficulty, giving no arsenious acid

but by a very strong fire, but disengaging sulphurous acid.

On charcoal, gives an abundance of fumes, and enters into

fusion after some considerable roasting ; it then behaves as arsenical

cobalt.

Black Oxide of Cobalt. Alone, gives a little empyreumatic

water.

On charcoal, gives traces of arsenic, but does not fuse.

Dissolves in borax and microcosmic salt, giving so deep a blue as

to disguise all other action.

It is infusible with soda, and gives on the platinum wire a mass

strongly tinted green by manganese.

Arseniate of Cobalt. Alone, in the matrass, gives off water and

becomes brown, but furnishes no sublimate.
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On charcoal, gives off much vapour, and a smell of arsenic.

Fuses in a good reducing flame, and is converted into arsenical

cobalt.

ORES OF MANGANESE.

Sulphuret of Manganese. Alone, in the matrass, undergoes

no change.

In the open tube roasts slowly, but gives no sublimate. The

roasted surface takes a bright green tinge.

On charcoal, after complete roasting, behaves with the fluxes

like pure oxide of manganese.

Peroxide of Manganese. Alone, in the matrass, when pure,

undergoes no sensible alteration, but in general it contains more or

less hydrate of manganese, the water of which may be driven off by

means of heat. The more water the heated matter gives off, the less

available oxide of manganese it contains. On charcoal it becomes

reddish brown in a good reducing flame.

With borax and microcosmic salt it dissolves with a brisk

effervescence, produced by disengagement of oxygen; it then behaves

as oxide of manganese.

ORES OF CHROMIUM.

Chrome Ochre. Alone, decolorises, and becomes nearly white,

but does not fuse.

Borax separates oxide of chromium, and takes a fine green colour.

It dissolves with great difficulty in microcosmic salt, and the green

colour is not so beautiful as with borax.

ORES OF ANTIMONY.

Red and Black Sulphurets of Antimony. Alone, they fuse

readily on charcoal, which absorbs them and becomes covered with a

black vitreous crust. After the blast has been continued for a few

moments, metallic globules appear on the charcoal, which seem to be

a sub-sulphuret, as they do not behave like the pure metal; for

they do not burn, but blacken, and become dull on the surface after

cooling.

Boasted in the glass tube, much antimonious acid forms at the

commencement; that which sublimes afterwards is a mixture of

antimonious acid with much oxide.
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GOLD.

Graphic Gold. On charcoal, fuses into a dull grey metallic

bead, covering the charcoal with a white smoke, which disappears

with a green or bluish light, when the reducing flame is thrown

upon it. After a continued blast, a bright yellow metallic grain is

obtained. It is, after cooling, brilliant and malleable.

In the open tube it deposits a smoke, which is white, excepting

in the neighbourhood of the assay, where it is greyish. This is

sublimed tellurium. This deposit forms limpid drops when the flame

is directed upon it.

Telluriferous and Plumbiferous Gold. Alone, on charcoal, it

fuses like the preceding, and forms a pulverulent deposit on the

support ; but this deposit is yellow ; it disappears in the reducing

flame with a blue colour, which is not at all green. It gives, after a

strong blast, a grain of gold, which ignites at the instant of con-

gelation. This grain is malleable.

In the tube it fumes, giving a very sensible fume of sulphurous

acid. It then gives a sublimate, which is grey close to the assay,

but white elsewhere.

ORES OF MERCURY.

Cinnabar, Sulphuret of Mercury. Alone, on charcoal, it vola-

tilizes without residue, giving off an odour of sulphurous acid. In

the matrass, it sublimes, giving a blackish sublimate. In the open

tube, it gives, by roasting, mercury and sublimed cinnabar. In the

matrass, with soda, globules of mercury are obtained.

Muriate of Mercury, Horn Mercury. On charcoal, volatilizes

without residue. In the matrass, gives a white sublimate. With

soda, in the matrass, gives much mercury in globules.

With microcosmic salt, fused on the brass wire, it communicates

a fine azure blue colour to the flame, indicative of chlorine.

ORES OF SILVER.

Sulphuret of Silver. Alone, on charcoal, fuses and swells con-

siderably, forming large bubbles ; but after a continued blast, it

forms a grain. It gives off an odour of sulphurous acid, and

finally furnishes a grain of silver, surrounded by slag. Fused with

borax and microcosmic salt, the slag gives traces of copper.



200 BLOW-PIPE RE-ACTIONS.

Red Silver. Alone, on charcoal, decrepitates a little, fuses, burns,

and smokes, like antimony, but gives no arsenical odour. The

production of vapour lasts but for a few minutes.

In the open tube, it gives much vapour, and a smell of sulphurous

acid, which is very strong at the commencement. The deposit on

the sides of the tube is sometimes crystalline ; it is oxide of antimony.

The bead which remains after a long exposure to the exterior flame

is a button of pure silver.

Antimonial Silver, and Argentiferous Antimony. Alone, on

charcoal, fuse readily, forming a metallic bead, which is not

malleable, giving off a vapour like that of pure antimony, but less

abundant. The bead becomes, after the disengagement of a certain

quantity of antimony, dull white, and very crystalline, entering into

ignition at the instant of congelation. "When it has lost yet more

antimony, its surface becomes smooth, like glass ;
and the heat which

it then disengages is more intense than at any other time. Lastly,

after a long-continued blast, nothing but pure silver remains.

In the tube, much oxide of antimony is given off, and the bead

which remains is surrounded by a bead of deep yellow glass.

Electrum gives by fusion a grain of gold, which varies in white-

ness, and which gives with borax and microcosmic salt the same

re-actions as pure silver.

Amalgam, in the matrass, swells up, and gives much mercury,

leaving silver, which may be fused to a bead on charcoal.

Muriate of Silver, Horn Silver. On charcoal becomes a bead,

which, according to the purity of the salt, is grey, brownish, or black.

In the reducing flame it is gradually converted into metallic silver.

It gives with microcosmic salt, fused on the platinum wire, a blue

flame, like the muriate of mercury.

BISMUTH.

Native Bismuth. Alone, fuses, giving a weak arsenical odour.

Otherwise, it presents the same phenomena as pure bismuth.

In the open tube it gives a little arsenious acid. Cupelled, it

tinges the bone-ash pure orange-yellow.

Sulphuret of Bismuth. Alone, in the tube, gives sulphurous

acid, and a white sublimate ; heated to redness, it deposits oxide of

bismuth round the assay, like pure bismuth.

On charcoal, it fuses with bubbling, throwing out small incan-

descent globules. This agitation lasts but a short time.
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ORES OF NICKEL.

Sutykuret of Nickel. In the open tube gives sulphurous acid,

becomes black, but does not change form. On charcoal, gives, by
aid of a good flame, a mass conglomerated by semi-fusion. It is

metallic, malleable, and is pure nickel.

After roasting in the open air, it behaves with fluxes like oxide of

nickel.

Arsenical Nickel, in the matrass, gives nothing volatile ; semi-

fuses at the temperature which softens glass, and a deposit of arse-

nious acid is formed on the sides of the matrass : this is owing to

the included air.

It fuses on charcoal, with a vapour and arsenical odour, and a

white metallic globule.

In the open tube it roasts easily, with the formation of a large

quantity of arsenious acid ; the residue is a yellowish-green sub-

stance, which, on roasting afresh on charcoal, and fusion with soda

and borax, gives a tolerably malleable metallic grain, and is very

magnetic.

After roasting, it behaves with the fluxes like oxide of nickel,

and generally gives a glass, which is slightly blue, owing to the pre-

sence of a small quantity of cobalt.

ON THE DISCRIMINATION OF MINERALS BY MEANS OF THE BLOW-

PIPE, AIDED BY HUMID ANALYSIS.

We now come to that part of our subject which treats of the dis-

crimination of minerals by a few simple tests
; and for the greater

part of the remarks which follow the author is indebted to Camp-
bell's translation of Kobell's work on this subject, and to Chapman's
"
Practical Mineralogy

"
and for a more extended account of these

processes, the reader is referred to the above-mentioned works.

In both the works just quoted, the first thing to be done with a

mineral in its examination is to ascertain whether its lustre be

metallic or non-metallic; this point is most important. There

are, however, a few minerals in which the determination of this is

doubtful ; in which case a single experiment will point out to which
class the mineral really belongs.

The degree of fusibility is next to be attended to; and in

case a beginner should be mistaken on this point, Von Kobell

has arranged a certain set of minerals to be employed as checks
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against the opinion any one may form of the fusibility of any sub-

stance submitted to his examination.

They are six in number, and are as follows :

1. Sulphuret of antimony.

2. Natrolite.

3. Almandine.

4. Strahlstein (actinolite).

5. Adularia (felspar).

6. Diallage (bronzite).

The great advantage of this scale is, that it facilitates the very

useful practice of comparative experiment. If a mineral be more

fusible than No. 2, and less so than No. 3, it is said to be 2' 5 in

the scale of fusibility, and so on.

Another great requisite is to ascertain the hardness of any spe-

cimen we may have to examine ; and here, again, a comparative scale

is necessary. The following has been arranged by Mohr :

1. Talc.

2. Gypsum (crystallized).

3. Calc spar (carbonate of lime).

4. Eluor spar.

5. Apatite.

6. Adularia (felspar).

7. Rock crystal.

8. Topaz.

9. Corundum.

10. Diamond.

As the above set of minerals may not always be at hand, and as it

is very necessary to determine the degree of hardness, Mr. Chapman

has, with much ingenuity, arranged a very useful set of materials

which are always present. This scale is of great value to the ex-

perimenter :

1. Yields easily to the nail.

2. Yields with difficulty to the nail, or merely receives an im-

pression from it. Does not scratch a copper coin.

3. Scratches a copper coin ; but is also scratched by it, being of

about the same degree of hardness.
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4. Not scratched by a copper coin
;
does not scratch glass.

5. Scratches glass, though rather with difficulty, leaving its

powder on it. Yields readily to the knife.

6. Scratches glass easily. Yields with difficulty to the knife.

7. Does not yield to the knife. Yields to the edge of a file,

though with difficulty.

8. 9, 10. Harder than flint.

In ascertaining the degrees of hardness by the first scale, a file

ought to be employed, and it is by the comparative ease or difficulty

that the mineral and sample yield to it that the degree of hardness

is determined. This is a part, however, to which much attention

must be paid.

The specific gravity of a mineral is also of great importance in

its discrimination. It may be determined as follows, if the sample

be of sufficient size to suspend from ithe pan of a balance by means

of a fibre of silk ; if not, another mode must be adopted, which will

be pointed out as we proceed.

If the mineral can be suspended, attach it by a short fibre of silk

to one of the pans of a delicate balance, and ascertain its weight ;

then immerse it (still suspended to the pan) in distilled water of the

temperature of 60 Fahv and then note its weight; it will be found

to have lost a certain amount, which will correspond to the weight
of the bulk of water it has displaced. Divide its weight in air by the

loss of weight in water, and the quotient will be the required spe-

cific gravity. This will be more readily understood by an example.

Suppose we find the mineral to weigh 80 grains in the air, and only
66 in water; the loss=80 66= 14. We must now divide 80 by

14, thus
-f-f-=5*7, which is about the specific gravity of a sample of

bournonite.

We have now the second case to consider ; the mineral may be

in very small fragments, or it may even be in powder, in which case

its specific gravity must be determined thus :

A bottle must be obtained capable of containing a known quantity
of water, as 500 grs. The ordinary specific gravity bottle is well

suited for this purpose. A known weight of the body whose spe-
cific gravity is to be ascertained, say 100 grs., is to be introduced

into the bottle, which is then to be filled with water, and the weight
of the whole to be determined : it will be less than the united weight
of the contents of the bottle full of water and the weight of the

mineral in air. The loss of weight is to be ascertained, and the



204 SPECIFIC GUAVITY.

weight in air divided by it; the quotient is the specific gravity

required. The following example may suffice to render this

clearer :

Suppose the bottle contains of water . . 500 grs.

And the mineral introduced into it weighs 100 grs.

600

Weight of mineral and water in bottle . .560

40 loss.

Then Vo = ^ '5, required specific gravity.

Besides ascertaining hardness, fusibility, and specific gravity, it is

required to determine the re-actions of the mineral with the various

fluxes. The method of doing this has been already described.

Finally, it is necessary to ascertain the behaviour of the mineral in

solution, or otherwise, with certain liquid re-agents. The method

of conducting this class of examination will be presently pointed

out.

Having thus given a rough sketch of the processes to be em-

ployed, we will now describe the whole method to be followed in

ascertaining the nature of certain minerals, principally confining

ourselves to those generally met with, and worked by the miner.

The following is a list of them :
>

Amalgam.

Anhydrite.

Anhydrous silicate of zinc.

Grey antimony.

Native antimony.

Native mercury.

Bed antimony.

Oxide of antimony.

Antimonial nickel.

Antimonial silver.

Antimonial grey copper.

Dark red silver,

Muriate of silver (horn silver).

Native silver.

Sulphuret of silver.

Argentiferous gold.

Argentiferous grey copper.

Arseniate of cobalt.

Arseniate of copper.

Arseniate of iron.

Arseniate of lead.

Native arsenic.

Arsenic glance.

Oxide of arsenic.

Bed sulphuret of arsenic.

Yellow ditto.

Arsenical iron.

Arsenical cobalt.
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Arsenical nickel.

Arsenical pyrites.

Arsenical grey copper.

Arsenical bismuth.

Arsenious acid.

Arsenic acid.

Light red silver.

Muriate of copper (Ata-

kamite).

Azure copper ore.

Azurite.

Azure stone.

Carbonate of baryta.

Sulphate of baryta.

Bismuth blende.

Native bismuth.

Black manganese.

Black oxide of copper.

Black silicate of manganese.

Black tellurium.

Graphic tellurium.

Galena.

Sulphate of lead.

Carbonate of lead.

Horn lead (chloride of lead).

Blende.

Bog iron ore.

Bournonite.

Bright white cobalt.

Calamine.

Calomel.

Baryta, carbonate.

Copper, carbonate, green.

Copper, carbonate, blue.

Iron, carbonate.

Lime, carbonate.

Silver, carbonate.

Strontia, carbonate.

Phosphate of lime.

Chromate of iron.

Chromate of lead.

Cinnabar.

Copper.

Copper pyrites.

Copper, red oxide.

Copper, vitreous.

Earthy cobalt.

Oxide of tin.

Sulphuret of tin.

Oligistic iron.

Iron, hydrated oxide.

Iron, spathose.

Iron, specular.

Iron, sulphuret.

Iron, sulphuret, white.

Iron, sulphuret, magnetic.

Eluor spar.

Galena.

Graphic tellurium.

Gypsum.

Gypsum, anhydrous.

Hydrated deutoxoide of man-

ganese.

Hydrous silicate of iron.

Nickel, arsenical.

Nickel ochre.

Tin stone.

Palladium.

Platinum.

Purple copper.

Quartz.

Sulphuret of molybdenum.

Sulphuret of nickel.

Sulphuret of nickel and

bismuth.
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CLASS I. MINERALS POSSESSING A METALLIC LUSTRE.

CLASS II. -MINERALS POSSESSING NO METALLIC LUSTRE.

These classes are further divided thus :

CLASS I.

Division 1. Metals proper.

Division 2. Fusible 1-5, or readily volatile.

Division 3. Infusible, orfusibility above 5, and not volatile.

CLASS II.

Division 1. Easily volatile or combustible.

Division 2. Fusible 1-5 ; not, or only partially, volatile.

Division 3. Infusible, or fusible above 5.

Division 1. CLASS i.

Metals proper, readily distinguished.

Division 2. CLASS i.

Section 1. Give an arsenical odour on charcoal.

Section 2. Give the horse-radish odour of selenium.

Section 3. Give a white sublimate in open glass tube, which is fusible

into colourless drops, indicative of tellurium.

Section 4. On charcoal give antimonial vapour.

Section 5. With soda give a sulphuret, but do not give indications

as above.

Section 6. Behave differently to five preceding.

Division 3. CLASS i.

Section 1 . Give the re-action of manganese with borax.

Section 2. On charcoal in reducing flame become magnetic.

Section 3. Partly agreeing with section 2.

CLASS II.

Division 1. Easily volatile or combustible.

Division 2. Part 1. Give on charcoal, either alone or with soda,

a metallic bead or magnetic metallic mass.

Section 1. Give silver.

Section 2. Give lead.
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Section 3. Give copper, and when moistened with hydrochloric acid,

colour the flame transiently blue.

1. Give a strong odour of arsenic.

2. Give no odour of arsenic.

Section 4. Give a bright blue with borax.

Section 5. Give a black or grey metallic magnetic mass, but not

behaving as any of the minerals of the preceding sec-

tions.

1. Indicate arsenic during fusion.

Section 6. Not belonging to either of the foregone sections.

Part 2. Give no metallic bead, or magnetic metallic mass.

Section 7. After fusion, alone or with charcoal, have an alkaline

re-action.

Division 3. CLASS n.

Section 1. Ignited with nitrate of cobalt, give zinc re-action.

Section 2. Soluble in hydrochloric or nitric acids, giving no jelly or

residue.

Section 3. Not included in the five preceding sections, but divided

thus:

1. Hardness under 7.

2. Hardness 7, or above 7.

UK i v>:i>.sn
CLASS I.

(

"'

\ \ 7 r<Y \ I >

Division 1. Metals 'proper.

Native Mercury. Liquid at ordinary temperatures. Tin-white

and opaque. Lustre metallic. Sp. gr. 12. Entirely volatilizable

before the blow-pipe.

Native Silver. Hardness=2*5 3. Silver-white, perfectly mal-

leable, easily fusible, soluble in nitric acid. The solution, mixed

with hydrochloric acid, gives a white curdy precipitate of chloride of

silver, which is soluble in ammonia. Metallic silver is also precipi-

tated from the nitric acid solution by a plate of copper. Sp. gr.

about 10.

Native Gold. Hardness, 2*5 3. Colour, yellowish or greyish

yellow, easible fusible and very ductile, soluble in njtro-hydrochloric

acid (aqua regia) without residue : the solution gives a purple pre-

cipitate on the addition of protochloride of tin, and a brown preci-

pitate with protosulphate of iron. Sp. gr. about 19.

Mectrum, Auriferous Silver. Colour, inclining to silver-white.

Hardness, 2*5 to 3. Sp. gr. about 12*5. Partially soluble in aqun
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regia, giving a residue of chloride of silver. The solution is acted

on by proto-sulphate of iron, as the above.

Native Iron. Hardness, 4*5. Light steel-grey, ductile and

malleable, attractable by the magnet, soluble in dilute sulphuric acid,

giving a blue precipitate with ferrocyanide of potassium. Sp. gr.

7-4 to 7-8.

Native Copper. Colour, brownish-red, ductile and malleable.

Hardness, 2*5 to 3. Sp. gr. 8*4 to 8*9, easily soluble in nitric

acid, with evolution of red fumes. The solution is blue, which

becomes intense on the addition of excess of ammonia. Metallic

copper can be obtained from it by precipitation on a plate of iron or

zinc.

Native Lead. Hardness, V5. Sp. gr. 11 to 12. Colour, lead-

grey, ductile and malleable, easily fusible, giving a yellow sublimate

of oxide of lead on the charcoal support. Soluble in nitric acid,

the solution giving a white precipitate with sulphuric acid, or yellow

with cliromate of potash, and a deeper yellow with iodide of potas-

sium. Metallic lead is also obtainable from it by deposition on a

bar of zinc.

Native Platinum. Hardness, 4 to 4*5. Sp. gr. 16 to 20.

Colour, silver-whitish or grey, ductile and malleable. Not fusible,

nor acted on by any fluxes. Soluble in aqua regia. The solution

gives a yellow granular precipitate with carbonate of potash, which

is insoluble in excess.

Native Palladium. Hardness, 4'5 to 5. Sp. gr. 11/5 to 12*5.

Colour, steel-grey or silvery white. Soluble in nitric acid. The

solution gives a brownish precipitate with carbonate of potash, which

is soluble in excess. The metal also becomes blue when heated

gently in the oxidising flame, but which colour disappears when the

heat is more intense. It is infusible by itself, but fusible with

sulphur, which on being burnt off leaves a globule of palladium.

Division 2. CLASS i.

Section 1 . Give a strong odour of arsenic.

Native Arsenic. Hardness, 3'5. Sp.gr. 5'7 to 5'9. Colour,

tin-white on fresh fracture, but soon tarnishes. Fusible, entirely

volatilizable if pure.

Arsenical Grey Copper. Hardness, 3 to 4. Sp. gr. 4*4 to 5.

Moistened with hydrochloric acid and ignited on charcoal, gives an

intense blue colour to the flame. It gives a grey globule, generally

attractable by the magnet, and a bead of copper, with borax. Acted
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on by caustic potash, the sulphurets of antimony and arsenic are

dissolved out, and may be precipitated from the solution by hydro-

chloric acid. Some varieties contain silver, the presence of which

may be ascertained by acting on the ore with nitric acid, and preci-

pitating with common salt, or hydrochloric acid. The precipitate

ought to be soluble in ammonia.

Tin-white Cobalt. Hardness, 5'5. Sp. gr. 5'4 to 6'7. Colour,

tin-white; gives blue colour to borax, and pink solution to nitric

acid. Silicate of potash in solution gives a sky-blue precipitate.

It fuses into brittle magnetic globules.

Bright-white Cobalt. Hardness, 5*5. Sp. gr. b*'2 to 6'3.

Colour, silver-white, sometimes reddish. Roasted in the open tube

it gives off sulphurous acid, which may be ascertained by smell, and

test paper. It fuses into a magnetic globule, giving cobalt blue to

borax. Its solution in nitric acid behaves with silicate of potash as

before, but gives a copious precipitate with nitrate of baryta, indi-

cative of the presence of sulphuric acid.

Arsenical Nickel, Nickeline. Hardness, 5 to 5'5. Sp. gr. 6'6

to 7 '7. Colour, reddish or whitish. Puses readily into a white or

yellowish globule. Partially soluble in nitric acid. The solution is

green, and with silicate of potash gives an apple-green precipitate.

The solution becomes violet blue on the addition of an excess of

ammonia. In the varieties of this mineral containing sulphur, the

.nitric acid solution gives a white precipitate, with nitrate of baryta,

or chloride of barium.

Arsenical Iron. Sp. gr. 6*2. Hardness, 5 to 5'.5. Colour,

steel-grey. Fuses into a brittle magnetic globule, which gives the

re-actions of iron with the fluxes. It is soluble in nitric acid, the

solution giving a blue colour to ferrocyanide of potassium, and a

yellowish brown precipitate of arseniate of iron to ammonia.

Section 2. Give evidence of the presence of selenium.

Section 3. Give evidence of the presence of tellurium.

Graphic Tellurium. Hardness, 1*5 to 2. Sp. gr. 5'7. Steel-

grey, like galena. Easily fusible, giving a yellowish white button,

which, on lamination, is partially soluble in nitric acid ; the solution

containing silver, which can be ascertained by chloride of sodium.

The residue is soluble in aqua regia, and has all the characteristics

of a solution of gold. It gives no precipitate with sulphuric acid.

Black Tellurium. Hardness, 1 to 1'5, Sp. gr. 7 to 7'2.

Blackish lead-grey. Very fusible, producing a bead of malleable

metal. The charcoal gives evidence of the presence of lead by the
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coating of yellow oxide. It dissolves in nitric acid, and the solution

gives a dense white precipitate with sulphuric acid.

Section 4. Give evidence of antimony.

Native Antimony. Sp. gr. 6*5 to G'8. Hardness, 3 to 3'5.

Colour, tin-white; but becomes yellowish by exposure before the

blow-pipe. It fuses readily, and continues to burn for some time

after it has been removed from the flame ; the globule being covered

with crystals.

Grey Antimony, Sulphuret of Antimony. Sp. gr. 4*3 to 4*6.

Hardness, 2. Colour, light grey. It melts even in the flame of a

candle. It is absorbed by charcoal before the blow-pipe. If heated

with solution of caustic potash, its powder becomes ochry red, and

almost entirely dissolves. It can be reprecipitated by hydrochloric

acid.

Bournonite. Sp. gr. 5'7 to 5'8. Hardness, 2'5 to 3. Colour,

approaching to steel-grey, with a shining lustre. Before the blow-

pipe it decrepitates. A crust of sulphuret of lead remains after

fusion, enclosing a globule of copper. It partially dissolves in

nitric acid. The solution is blue, and gives with sulphuric acid a

white precipitate of sulphate of lead, and an azure blue with

ammonia.

Antimonial Silver. Sp. gr. 9'4 to 9*8. Hardness, 3*5. Colour,

between silver-white and tin-white. Before the blow-pipe on char-

coal, it melts into a grey metallic globule, which is not malleable.

It gives no sulphuret with soda, and is not acted on by caustic

potash ; with borax and soda it gives a button of silver.

Antimonial Grey Copper. Its colour is dark reddish grey. Sul-

phuret of antimony can be obtained from it by the action of caustic

potash. It gives evidence of sulphur with soda, and its solution in

nitric acid gives a deep blue with ammonia. It gives with borax

and soda a button of silver.

Antimonial Nickel. Sp. gr. 6-4 to 6*5. Hardness, 5 to 5'5.

Colour, steel-grey or silver-white. Before the blow-pipe, is partly

volatilized, and finally gives a metallic globule, which is magnetic.

It is readily dissolved in nitric acid, giving the usual indication of

nickel. It is scarcely acted upon by hydrochloric acid.

Section 5. Give a sulphuret with soda, but do not possess the

general properties of theforegone sections.

Sulphuret of Silver. Sp. gr. 6*9 to 7'2. Hardness, 2 to 2'5.

Dark lead-grey colour. In the flame of a candle it intumesces.

It is sectile. Before the blow-pipe the sulphur volatilizes, and a
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bead of pure silver remains. It is soluble in dilute nitric acid, and

gives the characteristic curdy precipitate (which is soluble in

ammonia) by the re-action of hydrochloric acid.

Sulphuret of Manganese. Sp. gr. 3'9 to 4. Hardness, 3*5 to 4.

Colour, brownish black, streak dark green ; this is almost character-

istic. It gives the usual indications of manganese by the blow-pipe

with the fluxes. It dissolves, when in powder, in hydrochloric acid

with the evolution of sulphuretted hydrogen.

Vitreous Copper. Sp. gr. 5*6 to 5*8. Hardness, 2'5 to 3.

Colour, lead or iron-grey. Before the blow-pipe on charcoal, it

gives off sulphurous acid, and when the sulphur is wholly

volatilized gives a bead of copper. With nitric acid it gives a

green solution, which becomes azure-blue on addition of

ammonia. Moistened with hydrochloric acid, the flame is coloured

blue.

Sulphuret of Tin (Tin Pyrites} $$. gr. 43 to 4*7. Hard-

ness, 4. Steel-grey colour. Before the blow-pipe sulphur is driven

off; it then fuses to a black slag. Soluble in nitric acid, with

separation of sulphur and oxide of tin. The solution gives a deep

blue with ammonia. This mineral gives, by itself, no bead of

malleable metal.

Sulphuret of Copper (Copper Pyrites). Sp. gr. 4*1 to 4'3.

Hardness 3'5 to 4. Colour, brass-yellow. It fuses on charcoal

before the blow-pipe, and melts into a black brittle globule, attractable

by the magnet. With borax, in small proportion, it yields a copper

bead, and when the blast is long continued gives per se a button of

copper on charcoal. It is soluble in nitric acid under separation of

sulphur.

Purple Copper. Sp. gr. 5. Hardness, 3. Colour, between

copper-red and brown. Soft, and easily frangible. Before the blow-

pipe it blackens, and becomes red on cooling ; at a higher tempera-

ture it fuses ; the globule is magnetic. Fused with soda, it is

reduced with the formation of a bead of copper. It is soluble in

nitric acid. The solution acted on by ammonia gives a precipitate

of peroxide of iron and an azure-blue solution. The original solution

gives a white precipitate with chloride of barium.

Sulphuret of Nickel. Sp. gr. 6 '4. Hardness, 4. It is steel-

grey. It gives, with a strong, continued heat, a globule, which is

magnetic, malleable, and metallic. In the open tube it gives sul-

phurous acid. It is not much acted on by nitric acid, but dissolves

in aqua regia, giving a greenish solution, in which potash and silicate
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of potash give an apple-green precipitate, and chloride of barium a

white precipitate.

Sulphuret of Iron. Sp. gr. 4'7 to 5. Hardness, 6 to 6'5.

General colour, brass-yellow : does not yield to the knife ; hence it

may be distinguished from copper pyrites. It does not attract the

magnet before roasting, but does after; it is only acted on very

slightly by muriatic acid, but is decomposable by aqua regia. The

solution gives indications of sulphur and iron, by chloride of barium

and ferrocyanide of potassium.

Magnetic Iron Pyrites. Sp. gr. 4*4 to 4*7. Hardness, 3'5 to

4' 5. General colour, bronze-yellow. Acts on the magnet before

being heated. Dissolves very readily in hydrochloric and dilute sul-

phuric acids, under evolution of sulphuretted hydrogen.

Sulphuret of Bismuth. Sp. gr. 6*5. Hardness, 2 to 2'5.

Colour, tin-white, or lead-grey. It melts in the flame of a candle :

before the blow-pipe the greater part of it is volatilized. It gives

a bead of bismuth, and coats the charcoal with the oxide of that

metal. It is soluble in nitric acid with a separation of sulphur ;
the

solution lets fall a white precipitate on dilution with water.

Suphuret of Lead (Galena]. Sp. gr, 7*4 to 7 '6. Hardness,

2*7. Colour, lead-grey. Before the blow-pipe, it decrepitates ; after

long heating, it is reduced to metallic lead, which, on cupellation,

generally yields a little silver. It is soluble in dilute nitric acid ;

the solution gives metallic lead on a slip of zinc, a white precipitate

with sulphate of soda, and a yellow one' with iodide of potassium.

Section 6. The following minerals belong to this^ division, but

cannot be readily classed.

Amalgam. Sp. gr. 10 to 14. Hardness, 1 to 35. Colour,

silver-white, or greyish. It is sometimes fluid, sometimes solid.

Before the blow-pipe it volatilizes, and a globule of silver remains.

It is easily soluble in nitric acid, and whitens the surface of copper

when rubbed upon it; in the matrass, sublimed mercury is ob-

tainable.

Native Bismuth. $$. gr. 9'6 to 9'8. Hardness, 2 to 2'5.

Colour, silver-white, tinged with red. When cold, it is not malle-

able ; but, when hot, may be laminated. It readily fuses and

vaporizes, coating the charcoal with an orange-yellow sublimate. It

dissolves easily in nitric acid.

Black Silicate of Manganese fuses with intumescence, and gives

a deep amethyst-red with borax ; it gives a large quantity of water in

the matrass. Its general colour is lead-grey to iron-black. It gives
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a green colour to soda on the platinum foil. It is soluble in

muriatic acid, with disengagement of silica.

Division 3. CLASS i.

Section 1. Give the re-actions of manganese with borax.

All the oxides of manganese belong to this class ; they may be

distinguished by their action, as above stated, with borax, in con-

junction with the fact that they evolve chlorine when treated with

hydrochloric acid, and the solution gives a flesh-red precipitate with

hydrosulphuret of ammonia, and a dirty-white with caustic potash,

which speedily becomes brown. They also give the characteristic

green when acted on by soda on the platinum foil. There are

several varieties
;
but it does not come within our province to par-

ticularize them.

Section 2. On charcoal, in reducingflame, becoming magnetic.

Red Haematite. There are several varieties of this ore; some

crystalline, others not
; those which are not, have a very low degree

of hardness, which is not determinate; those which are, have a hard-

ness of from 5*5 to 6. They may be distinguished by becoming

magnetic after roasting, and giving the usual indication of iron with

the fluxes. They are slightly soluble in hydrochloric acid; but if

fused with carbonate of soda, they are perfectly soluble in that acid.

The solution, after boiling with a few drops of nitric acid, gives a

deep blue with ferrocyanide of potassium, and a brown bulky pre-

cipitate with an excess of ammonia or caustic potash.

Section 3. Partially agreeing with the above minerals.

Magnetic Iron Ore. This ore, before roasting, is strongly

attracted by the magnet, as its name implies. It slowly dissolves

in strong hydrochloric acid. Its colour is iron-black, with a

shining metallic or glimmering lustre. It colours glass of
borax^

in the oxidating flame, deep red, which becomes dingy yellow on

cooling. In the reducing flame, it is bottle-green.

Chrome Iron Ore. Sp. gr. 4*3 to 4*6. Hardness, 5*4. It is

iron-black, or brownish-black, with a shining and somewhat metallic

lustre. Some varieties are strongly magnetic. With borax and

microcosmic salt, it melts slowly, and the beads possess the fine green
colour imparted by chromium, which increases in intensity on the

addition of tin. It is scarcely acted on by acids. It gives a yellow

solution to water after fusion with nitre ; the solution become^
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green with alcohol and sulphuric acid, or with sulphuretted

hydrogen.

Sulphuret of Molybdenum. Sp. gr. 4'4 to 4*7. Hardness, 1 to

1*5. Its colour is similar to that of freshly cut metallic lead. It is

opaque, highly sectile and flexible. It is unctuous to the touch.

Held in the forceps, it colours the blow-pipe flame light green. It

is acted on by nitric acid, with effervescence, and leaves a grey sub-

stance, which is molybdic acid ; if this be treated with alcohol and

sulphuric acid, heated and allowed to cool, it becomes a splendid

intense blue, which entirely disappears on the addition of water.

CLASS II.

Minerals possessing no metallic lustre.

Division 1. Easily volatile or combustible.

Sulphur. Sp. gr. about 2. Hardness, 1*5 to 2*5. Its colour,

when pure, is the well-known sulphur-yellow, that is, in a state of

powder, but when in the crystalline form is more of a deep topaz

yellow. It is, however, from extraneous circumstances and mixtures,

sometimes grey, brown, or even greenish It burns, giving off the

well-known smell of burning sulphur.

Realgar, Red Sulphuret of Arsenic. Sp. gr. 3*3 to 3'6.

Hardness, 1*5 to 2. It is of a bright red colour, approximating to

scarlet, sometimes having an orange tint. Before the blow-pipe, on

charcoal, it burns with a pale yellow flame, giving an odour of garlic.

It is soluble in caustic potash, from which hydrochloric acid pre-

cipitates lemon-yellow flocks.

Orpiment, Yellow Sulphuret of Arsenic. Sp. gr. 3*45. Hard-

ness, 1*5 to 2. It behaves like realgar, but is distinguished by its

fine yellow colour. .

.

Arsenious Acid. Sp. gr. 3*6 to 3'7. Hardness, 1*5. Colour,

snow-white, though occasionally tinged with red or brown : this is

accidental. It is soluble in hot water ;
the solution giving a yellow

precipitate with sulphuretted hydrogen. It sublimes in the matrass ;

the deposit is crystalline. On charcoal, it exhales the odour of garlic

in the reducing flame.

Oxide of Antimony. Sp. gr. 5*5 to 5*6. Hardness, 2'5 to 3.

Its colour is generally snow-white, although sometimes yellow or

grey. It melts very readily before the blow-pipe, and is volatilized



DISCRIMINATION OF MINERALS. 215

as a white vapour, very characteristic of antimony. It is entirely

soluble in hydrochloric acid without the evolution of any gas, and

does not change its colour in caustic potash. With borax it

forms a bead, which is yellowish while hot, but colourless when

cold.

Red Antimony. Sp. gr. 4*5 to 4*6. Hardness, 1 to 1-5. It

is cherry-red, fuses easily on charcoal, which absorbs it ; it is, how-

ever, finally volatilized. If immersed in nitric acid, it becomes

covered with a white coating. It is soluble in hydrochloric acid,

with the evolution of sulphuretted hydrogen. Its colour is changed

to ochre-yellow by immersion in caustic potash.

Sulphuret of Mercury, Cinnabar. Sp. gr. 6'7 to 8'2. Hard-

ness, 2 to 2*5. Its colour varies from carmine to vermilion red, or

lead-grey. It always gives a bright scarlet streak. It fuses before

the blow-pipe, and volatilizes with a bluish flame and sulphurous

odour. Mixed with soda, in the matrass, it gives metallic mercury.

Its colour is not changed by the ordinary acids or by caustic

potash.

Subchloride of Mercury, Horn Mercury, Calomel, Sp. gr. 6'4

to 6'5. Hardness, 1*5 to 2. Colour, greyish-white, grey, or yellowish.

It is completely volatilized before the blow-pipe, and gives metallic

mercury when heated in the matrass with soda. If treated with

caustic potash it becomes black instantaneously.

Division 2. All minerals having no metallic lustre and exhaling
the odour of arsenic before the blow-pipe, belong to this

division, with the exception of arseniate of lime.

Part 1 . Give on charcoal, either alone or with soda, a metallic

bead or magnetic metallic mass.

Section 1. Give silver.

Light Red Silver. Sp. gr. 5*4 to 5*6. On charcoal, gives the

garlic odour characteristic of arsenic. If the pulverized mineral be

treated with caustic potash, the solution gives lemon-yellow flocks of

sulphuret of arsenic on the addition of hydrochloric acid.

Dark Red Silver. Sp. gr. 5 '8 to 5*9. On charcoal it gives the

antimonial fume ;
and with caustic potash its solution gives orange-

red flocks of sulphuret of antimony on the addition of hydrochloric

acid.

Chloride of Silver, Horn Silver. Sp. gr. 4'7 to 5'5. Colour,

pearl-grey, greenish or reddish blue. It is fusible in the flame of a

candle. When rubbed with a piece of moistened zinc, its surface

becomes covered with a thin film of silver. It is insoluble in nitric acid.
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If treated before the blow-pipe, with a bead of microcosmic salt,

in which oxide of copper lias been dissolved, it colours the flame

a splendid purple.

Section 2. Give Lead.

Arseniate of Lead. Sp. gr. 6'9 to 7*3. Hardness, 3'5 to 4.

Its colour varies from many shades of yellow to aurora or hyacinth

red. Before the blow-pipe it fuses with difficulty, giving off arseni-

cal fumes. It is soluble in nitric acid ; its solution gives metallic

lead to a plate of zinc, and a white precipitate with sulphuric acid or

a soluble sulphate. When pure, it dissolves without residue in

caustic potash.

Sulphate of Lead. Sp. gr. 6'2 to 6'3. Hardness, 3. General

colour, white-grey, or yellowish.

It decrepitates before the blow-pipe; fuses in the oxidising flame

to a transparent bead, which becomes white on cooling. It gives a

sulphuret with soda. It dissolves in caustic potash, and with diffi-

culty in nitric acid.

Carbonate of Lead. Sp. gr. 6'3 to 6'6. Hardness, 3 to 3*5.

Either colourless or white, passing into a greyish black. Its powder,

thrown on coal, emits a phosphorescent light. Before the blow-pipe

it- decrepitates, becomes yellow, and then red, and finally gives

a bead of metallic lead. It is soluble, with effervescence, in nitric

acid, and is also soluble in caustic potash. Its acid solution gives a

fine yellow with chromate of potash or iodide of potassium.

Chloride of Lead, Horn Lead. Sp. gr. 7 to 7 'I Hardness,

2'5 to 3. Before the blow-pipe it is reduced, giving off hydrochloric

acid. With microcosmic salt and oxide of copper it gives a beautiful

blue flame before the blow-pipe. It dissolves in nitric acid and

caustic potash.

Chromate of Lead. Sp. gr. 5'9 to 6'6, Hardness, 2'5. Colour,

deep red, or hyacinth red. Its lustre is adamantine, and streak

yellow ; before the blow-pipe it becomes black, and decrepitates.

It gives an emerald-green colour to borax, and dissolves in hydro-

chloric acid, with separation of chloride of lead. It is soluble, with-

out effervescence, in nitric acid, giving a yellowish solution. When

fused with nitre, it gives a yellow solution in water, which is chromate

of potash.

Section 3. Give copper, and, when moistened with hydrochloric

acid, colour the flame transiently Hue.

1 . Give a strong odour of arsenic.

2. Give no odour of arsenic.
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Arseniate of Copper. There are several varieties of arseniate of

copper belonging to this section, which need not be particularized.

Arseniate of copper may be detected by boiling it with caustic potash ;

there is a separation of oxide of copper, and the arsenic acid unites

with the potash, forming arseniate of potash, which gives, with sul-

phuretted hydrogen, a yellow precipitate, and with nitrate of silver a

brick-red precipitate.

2. Give no odour of arsenic.

Chloride of Copper. Sp. gr. 4 to 4*3. Hardness, 3 to 3*5.

Colour, various shades of green. It tinges the flame of the blow-

pipe or a candle bright blue. It is soluble, without effervescence, in

nitric acid, and gives to ammonia a bright azure blue.

Blue Carbonate of Copper. Sp. gr. 3*5 to 3'7. Hardness,

3 to 4. Colour, from azure to Berlin blue, with an occasional tinge

of black. It yields easily to the knife. Before the blow-pipe it

decrepitates, blackens, and ultimately fuses. It is soluble, with

effervescence, in nitric acid, and the solution, on the addition of

ammonia in excess, becomes azure blue. All solutions of copper

deposit that metal on a plate of clean iron.

Green Carbonate of Copper, Malachite. Sp. gr. 3'5 to 4.

Hardness, 3*5 to 4. Colour, various shades of green. Before the

blow-pipe it decrepitates, and fuses into a black slag, and behaves as

the blue carbonate.

Black Oxide of Copper dissolves readily in acids. This mineral

rarely occurs massive.

Red Oxide of Copper, Ruby Copper. Sp. gr. 5*6 to 6'1.

Hardness, 3*5 to 4. The colour of this mineral is red, of various

shades. Before the blow-pipe, it is reducible, like the last species,

on charcoal, to the' metallic state. It acts as under with the fluxes.

Soluble in nitric acid. Its solution in hydrochloric acid gives a

white precipitate with water, and an ochre-yellow precipitate with

caustic potash. Under similar circumstances, the solution of black

oxide gives no precipitate with water, and a bluish precipitate with

caustic potash.

Section 4. Give a bright blue with borax.

Arseniate of Cobalt. Sp. gr. 2*9 to 3. Hardness, 2'5 to 3.

Colour, reddish violet, or red; gives water by calcination. Fusible

in the blow-pipe flame, with disengagement of arsenical vapour;

soluble in nitric acid. The rose-coloured solution gives with the

alkalies a violet-coloured precipitate ; and with ferrocyanide of potas-

sium, a green precipitate.
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Nickel Ochre. This substance is found adhering to or coating

arsenical nickel, and is doubtless derived from its decomposition.

General colour, apple-green. In the matrass, it loses about one-

fourth of its weight of water. It is soluble in acids, without effer-

vescence. Caustic ammonia in excess gives a blue solution. It

gives a strong arsenical odour before the blow-pipe on charcoal.

Section 5. Give a black or grey metallic mass, but not behaving
as any of the minerals of the preceding sec-

tions.

1. Indicate arsenic duringfusion.
Arseniate of Iron. Sp. gr, 2'9 to 3. Hardness, 2*5. Various

shades between light and dark green, or yellowish and brownish

green. Before the blow-pipe, on charcoal, it gives off arsenical

vapours, and fuses into a grey slag, which exhibits the metallic

lustre, and is attracted by the magnet. It gives, after roasting,

bottle-green globules with the fluxes.

Section 6. Not belonging to either of the foregone sections.

Bismuth Blende. Sp. gr. 5'9 to 6. Hardness, 3'5 to 4.

Colour, dark brown to wax yellow. Decrepitates before the blow-

pipe, giving off an arsenical odour, and is ultimately converted into

a glass, which effervesces with borax. It is reduced with soda, on

charcoal, to a button of bismuth. It forms a perfect jelly with

hydrochloric acid, and its solution gives a white precipitate on the

admixture of water.

Part 2. Give no metallic bead or magnetic metallic mass.

Section 7. Afterfusion, alone or with charcoal, have an alkaline

re-action.

Anhydrite. Sp. gr. 2'5 to 2'9. Hardness, 3 to 3*5. The

colour varies from white to bluish violet or reddish , it is translucent,

and sometimes transparent. In the matrass, it gives no water.

Before the blow-pipe, it becomes glazed over with a whitish enamel.

Anhydrite is sparingly soluble in water; the solution gives with

oxalate of ammonia a white precipitate, and the same with a soluble

salt of baryta. It dissolves quietly in a tolerable large quantity of

hydrochloric acid.

Gypsum behaves as above, with the exception that it gives water ;

and instead of becoming glazed with a white enamel before the

blow-pipe, it exfoliates.

Carbonate of Baryta. Sp. gr. 4'3. Hardness, 3 to 8'6.

Exposed to the blow-pipe flame, in the platinum forceps, it melts

readily into a white enamel, with a brilliant light. It dissolves in
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diluted hydrochloric or nitric acid ; the solution gives a precipitate

with solution of sulphate of lime, or any other soluble sulphate.

Sulphate of Baryta. Sp. gr. 4'4 to 4*6. Hardness, 3 to 3'5.

Its colour varies much, being shades of grey, red, green, or yellow ;

its general colour is, however, white; it is either transparent or

opaque. When fused in the platinum tongs, it imparts a greenish

yellow colour to the blow-pipe flame. It decrepitates, and is diffi-

cultly fusible, but finally melts into a white enamel. If fused with

carbonate of soda, the watery solution acidulated with hydrochloric

acid gives a precipitate with a salt of baryta, as do all the earthy

insoluble sulphates.

Sulphate of Strontia, Celestine. Sp.gr. 3*6 to 4. Hardness,

3 to 3*5. It is white, grey, yellow, or reddish; it also occurs of a

beautiful delicate blue : hence the term celestine has been applied to

it. It decrepitates before the blow-pipe, and behaves like the pre-

ceding mineral, sulphate of baryta, with this exception, that it

colours the blow-pipe flame, faintly, reddish purple. This test, how-

ever, can be rendered more delicate by moistening the specimen with

hydrochloric acid, before submitting it to the blow-pipe ; the colour

of the flame is then intensely purple.

Fluor Spar, Fluoride of Calcium. Sp. gr. 3 to 3*3. Hardness,

4. This mineral appears of many colours ; as white, yellow, purple,

and green. If it be pulverized and placed on a red hot plate of

iron or glowing coals, it phosphoresces. It is acted on very power-

fully by hot sulphuric acid, and evolves vapours of hydrofluoric acid,

which corrode glass. The best method of ascertaining the presence

of this mineral is to heat it in a glass tube with bisulphate of

potash ; the vapours given off corrode glass, as above stated, and

turn Brazil paper yellow.

Division 3. CLASS n.

Section 1. Ignited with nitrate of cobalt, give zinc re-action.

Calamine. Sp. gr. 4*2 to 4'5. Hardness, 5. Its general

colour is greyish or yellowish ; but it sometimes occurs of various

shades of green or brown. It dissolves with effervescence in nitric

or hydrochloric acid. It is infusible before the blow-pipe ; but after

ignition, it behaves like oxide of zinc. On charcoal, it is reduced,

coating the charcoal with a white sublimate, which when hot is

yellow.

Section 2.

Carbonate of Iron, Spathose Iron. Sp. gr. 3*6 to 3'8. Hard-



220 DISCRIMINATION OF MINERALS.

ness, 3*5 to 4'5. Colour, various shades of yellow; when exposed

to the action of the atmosphere it becomes brownish. It dissolves

in hydrocliloric acid, with effervescence, arising from the escape of

carbonic acid. The solution gives a blue with ferrocyanide of

potassium, and a whitish green with caustic potash, which speedily

becomes brown, more especially on the surface. It affects the mag-
netic needle. It communicates to borax a bottle-green colour. The

hydrous oxide of Iron, bog iron ore, clay iron stone, &c., behave

in much the same way, excepting that the two first do not effervesce

with hydrochloric acid.

Earthy Cobalt. Sp. gr. 2'1 to 2*4. Yery soft. Its colour

varies from brown to black. It exhales a slight arsenical odour

before the blow-pipe, and forms a deep-coloured blue glass with

borax.

Zinc Blende, Sulphuret of Zinc. Sp. gr. 4 to 4*2. Hardness,

8'5 to 4. Colour, black, brown, yellow, or red. It is soluble in

hydrochloric acid, under separation of sulphuretted hydrogen, and

when roasted and heated in the reducing flame coats the charcoal

with oxide of zinc. Its solution in acid gives a white precipitate

with caustic ammonia, or potash, which is soluble in excess of either

of the precipitants.

Section 3. Hardness under 7.

Tin Stone. Sp. gr. 6'4 to 6'9. Hardness, 6'6 to 7. It some-

times occurs almost transparent and colourless, but is generally

brownish-black or black. It decrepitates strongly on charcoal, and

after a long exposure to the reducing flame is reduced to metallic

tin. It is soluble in acids, only after fusion with an alkali.

Hardness, 7 or above 7.

Quartz. Sp. gr. 2'6. Hardness, 7. This abundant substance

occurs most variously coloured. It forms with soda on charcoal a

clear glass, the solution taking place with effervescence. Per se, it

is absolutely infusible. It is soluble in no acid but the hydrofluoric.
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CHAPTER VIII.

THE ASSAY OF IRON.

BERTHIER divides all substances containing iron, which are ordi-

narily assayed, into five classes, as follows :

Class 1. Pure ferruginous substances, as the Haematites, &c.

Class 2. Iron ores mixed with quartz, but containing no other

substance.

Class 3. Ferruginous matters containing quartz and various

bases, as lime, magnesia,' &c.

Class 4. Ferruginous substances containing one or many bases,

as lime, magnesia, manganese, &c., and little or no quartz.

Class 5. Jron ores containing silica, lime, and another base,

which ores are fusible per se.
*

Class 1. The minerals belonging to this class are the follow-

ing :

Magnetic Iron Ore.

Specular Iron, Elba Ore.

Eed and Brown Haematites.

Magnetic Iron Ore (re3O4=re2O3+ I
1

eO). This mineral, as

its name imports, has a powerful action on the magnetic needle,

which is not only exhibited by simple attraction, but some varieties

possess the property of alternately attracting and repelling the

needle, as a fragment is presented to either one or the other of its

extremities. It has, indeed, polarity, and is commonly known under

the name of loadstone, or natural magnet.

When pure, it is greyish-black, slightly metallic in appearance ;

its fracture is nearly always lamellar.

It occurs in three varieties. Istly. In octahedral and dodeca-

hedral crystals (see figs. 213, 214, and 215).

These crystals vary in size from that of a hemp-seed to that of a

nut.

2ndly. In compact granular and sometimes scaly masses, and

is rarely fibrous.
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Fio. 213.
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Fro. 214. FIR. 215.

, />. ,

3rdly. In small irregular grains, forming nearly the whole bulk

of certain sands.

The composition of the pure mineral is as follows :

Iron

Oxygen .

72-413

27-587

100.000

FTO. 216.

Specular Iron, Elba Ore (Fe2 3). This mineral is pure per-

oxide of iron. It, however, is usually slightly magnetic, due to a

very minute admixture of the former mineral, magnetic iron ore. It

has commonly a steel-grey colour, and very brilliant lustre ; its powder

is always red. It generally exists in very thick beds, forming even

entire mountains, and is pierced by a multitude of fissures, which are

Fio. 217. covered with crystals more

or less large, of a brilliant

burnished steel appearance,

relieved by the richest

tints of the rainbow. It

crystallizes in many forms,

derived from a slightly

acute rhomboid very nearly approaching the cube. For some of the

forms see figs. 216 and 217.

Composition of pure peroxide :

Iron ,

Oxygen .

70-000

30-000

100-000

Red and Brown Hematites; Red Hematite. The earthy

appearance and red colour of this mineral, or at least that of its
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powder, suffice to characterize and distinguish it from the preceding

species. It may be divided into the following varieties :

1. Compact Fibrous Red Haematite. Has somewhat of a

liver colour, and a kind of brilliant metallic lustre. Its texture

appears woody, so that when broken it exhibits a kind of silky or

radiated structure, by which this variety is readily recognized. The

powder is deep red. The external form of the mineral is often

mammillated and concretionary.

2. Compact Red Haematite. The colour of this mineral varies

from iron-grey to red. The smallest blow or friction occasions a

red spot. Its fracture is more often smooth than waving. It is

interiorly compact, and difficult to break. It forms veins and beds

of great extent and thickness, and is exceedingly heavy.

Ochreous Red Hamatite. This mineral has a very bright

colour ;
it is soft j its appearance dull and earthy. It imparts a

very deep and permanent stain to the fingers or paper, and neither

effervesces with acids nor forms a paste with water. By these means

it may be distinguished from the earthy ochres into which it passes

by insensible degrees.

These varieties yield from 60 to 70 per cent, of metallic iron.

Brown Htzmatite. A brownish-yellow colour is as constant in

this species as the red in the preceding : if a fragment be struck

or pulverized, this colour is immediately developed, even if the

sample has exteriorly a velvety black colour, which it sometimes

assumes.

This mineral differs from the former in containing from 5 to 16

per cent, of water chemically combined. This water is expelled at a red

heat, and the calcined sample then assumes a more or less reddish

tinge. The following are its chief varieties :

Compact Fibrous Brown Hcematite. A little softer than the red

haematite ; of the same internal structure, and, with the exception of

colour, external appearance.

Compact Brown Haematite. Its colour is deep brown, surface

sometimes reddish, but its powder is always brownish yellow. It has

all the characters of the preceding variety with the exception of tex-

ture, which is compact and never fibrous.

Granular Iron Ore. This ore is made up by the union of an

immense quantity of spherical globules ; the exterior a compact
brown colour, with shining fracture. These globules sometimes

occur detached ; it is then called
"
pea iron-stone."

Bog Iron Ore. This mineral possesses a brownish-yellow colour,
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similar to that of rust ; it is never compact. It is generally found

in tuberculous or perfectly irregular masses : the internal structure

presents a multitude of cavities or sinuous zones, which envelope a

kind of ochre. The two last varieties usually contain phosphorus,

but, as they are composed essentially of hydrated oxide of iron, they

are included in the first class. The brown hsematites give from 40

to 50 per cent, of iron.

All the minerals just described may be more or less mixed with

silica : they then belong to the second class.

The following are Berthier's directions for operating in the ordi-

nary manner :

" In the assay of iron ores, naked crucibles, either of clay or black-

lead, or crucibles lined with charcoal, are employed.
" The button of metal does not adhere to naked pots, but the slag

adheres very strongly ;
so much so, that it cannot be detached with

any degree of accuracy for weighing (which in some of M. Berthier's

processes is of importance) . Black-lead pots allow neither the slag

nor button to adhere, but the former dissolves much argillaceous

matter from the pot, so that its weight is greatly increased, and the

assay cannot be verified. In naked crucibles, charcoal is always

obliged to be added to the assay, to reduce the oxide of iron ; in

which case, if an excess be added, it prevents the button from com-

pletely forming, so that globules remain in the slag (I have found,

however, that this may be avoided). Neither do naked crucibles

resist the fire as well as those lined with charcoal, because the lining

supports the sides when they soften. The charcoal lining also

allows us to finish the assay without adding any re-agent to the ore ;

the button can be readily taken out, because it does not adhere to

the charcoal ; and lastly, the earthy matters in the ore, which have

formed a slag, may be collected and weighed ; or, if we have added

any flux to the ore, the total weight can also be ascertained.

" After having finely powdered and sifted the iron ore, a deter-

minate weight must be taken (I. find 200 grains to be the most con-

venient quantity in ordinary cases) ; a certain weight of the requisite

flux must be well mixed with the ore in a mortar, and the whole

placed in the crucible (which must be lined with charcoal), in which

it is firmly pressed by a pestle or other appropriate instrument.

The crucible is then filled with successive layers of charcoal

powder, slightly moistened with water; a cover luted on it,

and the whole placed in the fire. The fire is allowed to burn gently
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for about an hour, and the heat is raised to whiteness for about the

same time, or an hour and a quarter ; the crucibles are taken out,

allowed to cool, broken, and the button and flux removed.
" The whole fused mass is then weighed, t

and then the button

of metal carefully separated from the flux, and weighed ;
sometimes

small globules of iron are found adhering to the flux, in which

case they must be removed, and added to the button before weigh-

ing. Even when very small, their removal can be readily effected ;

the flux is finely pulverized, and placed on a sheet of paper; a

magnet is then drawn gently over its surface, which method of

procedure will ensure the separation of all metallic particles.

If the weight of metal obtained be now deducted from the weight

obtained in the first weighing, the difference will be the weight of

flux.

" Good buttons of metal, when wrapped in pieces of thin tin-

plate, and struck with a heavy hammer, on the anvil, flatten slightly

before they break
; they ought to be grey or greyish-white, and the

grain fine, or tolerably fine. Bad buttons break readily, without

changing form, some even pulverize ; they are generally very white

and crystalline on the surface."

METHOD OF CONDUCTING THE ANALYTICAL ASSAY.

By the method just pointed out, we have no means of ascertaining

whether the per centage of metal obtained is exact or not
; and the

accuracy of the result cannot be reckoned on without a second assay.

But by performing simple operations on the mineral before fusion, a

double assay may be dispensed with, and much useful knowledge

gained as to the nature of the body; indeed, this method is only
second to an analysis by the humid method. These operations are

comprised in roasting or calcining, to drive off any volatile or com-
bustible matters, in treating the ore with certain acids, the object of

which is to ascertain the amount of insoluble matter, by difference

of weight, before and after the action has taken place.

The hydrated ores are calcined to estimate water; those ores con-

taining manganese, to reduce it to a fixed and known state of oxi-

dation (sesquioxide). The carbonates are roasted to expel carbonic

acid, and the ores from the coal formations to burn the combustible

matter with which they are mixed.

Slags and dross are also roasted to free them from charcoal. A
Q
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simple calcination sometimes is sufficient, as in the case of carbo-

nates
; but where mixtures of per and protoxide of iron are to be

assayed, they must be subjected to a long roasting, in order to

convert all the contained protoxide into peroxide.

Diluted and cold nitric and acetic acids are employed for minerals

whose matrix is purely calcareous or magnesian, as these acids dis-

solve the earthy carbonates, without attacking either stones, clays, or

the oxides of iron. The residue is to be well washed, dried, and

weighed, and the amount of carbonates calculated by the difference.

It is now to be treated with boiling hydrochloric acid, or what is

preferable, by aqua regia. The ores which contain substances

insoluble in these acids are generally of a clayey or flinty nature.

These are to be weighed, and according to their weight that of the

flux to be added in the assay is determined, as will be shown here-

after.

It must be borne in mind, however, that the clays are not abso-

lutely insoluble in hydrochloric acid, for a certain quantity of alumina

is always dissolved, which is greater in proportion to the proportion

existing in the clay.

The ores containing titanium are boiled with concentrated sulphuric

acid, after they have been reduced to the finest possible state of divi-

sion. All the oxides of iron, titanium, and manganese, are dissolved,

and the stony gangues which resist the action of this acid can be

estimated. The utiltty of this estimation will be pointed out as we

proceed.

When all the operations necessary for each particular case have

been completed, we know the proportion of volatile substances, of

substances soluble in acetic acid, and those insoluble in hydrochloric

and sulphuric acids, contained in the substance under assay.

The suitable flux is then added, and the fusion proceeded with as

usual. In general we have a choice of a variety of fluxes ; but if

the assay is to be verified and made as accurately as possible, fixed

fluxes must be employed, or fluxes which lose only a determinate

amount of volatile matter. Carbonate of lime and carbonate of mag-
nesia are examples of this sort of flux.

Let A be the weight of the rough or non-calcined ore ; B the

weight of the same calcined ; C the weight of the fluxes in a rough

state ; D the weight of the same calcined ; P the weight of matter

insoluble in hydrochloric or sulphuric acids ; E the weight of the

fixed substances soluble in acetic or nitric acids, a weight which

can be readily calculated when we know the loss which the ore, not
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treated by acids, suffers by calcination, and the residue of the treat-

ment of this substance by acetic or nitric acid ; M the weight of the

button of metal and scattered globules ; S the weight of the slag ;

and the. loss of weight in the assay which represents the quantity

of oxygen disengaged during the reduction.

The following is the disposition of the data from which, at one

view, all the useful results of the assay can be determined.

In the assay has been employed :

A, rough ore = calcined ore . . . B
B, of rough fluxes added = fixed flux. . D

Total of fixed matter B + D
The result has been :

Metal M \ n_ s }
Total

:
.

,

. M + S
Slag

Loss . O

Fluxes . > '<..,.- -y- ?"; '<
.-

:
: D

Verifiable matters . aHjj.4 ; '.
: -' >V > S D

Substances insoluble in hydrochloric

acid, &c. >v
'

; ';'"'; . .*';
- >-v- T

Substances soluble in hydrochloric

acid, &c. ''

x
i"

!

.
*<>-

. . . S D T
Substances soluble in acetic acid .<- k v R,

Substances insoluble in acetic acid, and

soluble in hydrochloric acid . . S D T E
When the iron in the substance assayed is in a known degree of

oxidation, and when but little manganese is present, the quantity of

oxygen O ought to correspond very nearly with the quantity of

metal M produced ;
if it does, the assay must be correct.

A rigorous correspondence between the two numbers, however,

cannot always be obtained, because the iron is not pure, but always
contains carbon, so that in ordinary assays the peroxide of iron

loses but from twenty-eight to twenty-nine per cent, of oxygen.
On the other hand, the quantity of iron remaining in the slag

makes up in part for the carbon combined with the metal reduced
;

but when the assay has been made with a suitable flux, the quantity
of oxide remaining is very smali, and never exceeds one per cent, of

the weight of the slag. When the iron is in an unknown degree of
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oxidation, the loss O produced in the assay gives the degree, if it has

been made without accident ;
but if there is any doubt, and the

result is of importance, the assay must be recommenced for verifi-

cation. If the ferruginous matter contain manganese, and if that

metal be in the state of protoxide, the verification just described can be

made without modification, because the manganese dissolved in the

slag is always at the minimum of oxidation; and when a sufficient

quantity of flux is employed, the amount reduced is of no conse-

quence. But when the manganese is in the state of red oxide, it

parts with a certain quantity of oxygen on being reduced to the

minimum of oxidation, and which quantity is estimated in the loss

O, so that a perfectly accurate verification cannot be made. Never-

theless, the difference between the loss O, and the quantity of oxygen
calculated from the metal M, cannot be very great, because the red

oxide of manganese loses but '068 of oxygen in its transformation to

protoxide.

Titanic acid behaves in iron assays exactly as the oxides of man-

ganese ;
it disengages at most but '06 of oxygen when dissolved in

the earthy glasses in contact with charcoal.

It sometimes happens that the assay is not fused, or but imper-

fectly so. This can happen from two causes ; firstly, because the heat

has not been sufficiently strong or continued ; secondly, because the

flux has not been employed in proper proportion, or has not been

calculated to form fusible compounds with the foreign matters mixed

with the oxide of iron. In both cases the oxide of iron is completely

reduced ; and if the assay has been made with care, the loss of

oxygen indicates the amount of iron in a very approximative manner,

and nearly always with an exactitude which is surprising to those

not accustomed to this kind of operation.

The assay buttons which are not fused have a grey and homo-

geneous appearance. They, flatten under the hammer, take a

metallic lustre by friction with a file, and disengage hydrogen on

being moistened with hydrochloric acid. The iron they contain is

in imperceptible particles.

In the imperfectly fused buttons the iron is disseminated in

globules throughout the whole mass of slag, or form a scoriform

button mixed with much slag, without the possibility of complete

separation.

Sometimes there is not even an agglomeration, and the mixture

submitted to assay forms but a greyish metallic powder, in which



THE ASSAY OF IRON. 229

case the assay is useless, as it is impossible to collect the whole

without loss, even by washing the charcoal lining with the greatest

care.

This method of assay, says Berthier, cannot be too much recom-

mended to iron-masters, for all the facts necessary to be gotten, in

relation to the ores they smelt, are imparted in a very simple and

expeditious manner ; and by varying the experiment, and by employ-

ing as fluxes the ordinary substances used for that purpose, a know-

ledge of the mixtures which will answer best in the high furnace may
be obtained without loss of metal, or much expense.

The Assay of Substances of the First Class

May be effected in charcoal-lined crucibles without the addition of

any flux, because the foreign matters found in ores of this class are

generally fusible per se ; nevertheless, it is always better to add a

flux ; first, because there is no risk incurred of being obliged to

recommence the assay ; and, secondly, because a certain amount of

slag is always very useful, by enabling the metal to form into one

single button. Borax may be employed for this purpose ; but it is

better to use some very fusible earthy silicate. A silicate of lime is

a very useful flux in iron assays ; it should consist of 400 parts of

white sand and 240 parts of lime well mixed : equal weights of this

flux and ore may be used.

Assay of Ores of the Second Class.

In order to render fusible the silicious matters constituting this

class, carbonate of soda may be employed, a mixture of chalk and

alumina or clay ;
or a mixture of carbonate of lime and dolomite.

(Magnesian limestone.)

Class 3. This class includes the kind of ironstone most employed
in England, viz., the argillaceous or clay ironstone. This mineral

sometimes resembles compact limestone, sometimes greyish hardened

clay. The iron exists in the state of carbonate. The great specific

gravity, its effervescing on the addition of an acid, and acquiring a

brown-red colour on roasting, are sufficient means of identifying this

from the previous varieties.
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The following is the result of an analysis of this class of ore by

the Author : the specimen was from Ireland, county Leitrim :

Protoxide of iron . . . 51*653

Peroxide of iron . . . 3*742

Oxide of manganese . . . *976

Alumina . 1'849

Magnesia . r * ; ><%;,; '284

Lime . -
; . H [frkl^ -. ;* ..:. '410

Potash - >; x . . : ,,v -274

Soda
...... ..." . . -372

Sulphur ., . . . -214

Phosphoric acid . >' . . '284

Carbonic acid . . . . 31*142

Silica . .
, ^,, : j, fiJ>!

. 6-640

Carbonaceous matter and loss . 2'160

100-000

Blackband is a combustible schistose variety of this ore. The

following analysis is also by the Author :

Protoxide of iron .... 20-924

Peroxide of iron . . . .'741
Oxide of manganese . ;' . 1*742

Alumina . . . 14*974

Magnesia . . {*, > "987

Lime i V . . -881

Potash
i ti . .

:
. ; . traces

Soda J

Phosphoric acid ^ ;'
'

. .
- '114

Silica V' 1 ^ ;

.
:>i ;1

^ . 26*179

Sulphur . . . ^ ;' -098

Carbonic acid .... 14-000

Carbonaceous matter . . . 16-940

Water and loss 2*420

100-000
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Assay of Ores of the Third Class.

The ores belonging to this class are the most common of all.

They all fuse exceedingly well by the addition of carbonate of lime,

amounting to about half or three-fourths of the weight of gangue
mixed with the oxide of iron. The ores of this class may also

be assayed by the addition of carbonate of soda.

We shall here give the result of an actual assay made after the

manner described further on.

The Assay of an Argillaceous Iron Ore,

Loss by calcination and roasting . . 33 per cent.

Insoluble in hydrochloric acid . . . 14'2 do. of clay.

100 grs. of the crude ore give of calcined ore . 67 grs.

JO grs. of carbonate of lime = lime . . 5*6

Total .

Amount of metal . . 36'3 grs. )

Do. slag . . 20-7 grs. )

Oxygen . . . 15*6

Flux added . . 5'6 grs.

Verifiable matter . . 15*1 grs.

Insoluble matters . . 14'2 grs.

Soluble matters. . . -9 grs.

Class 4. Spathose Irony Steel Ore. The general formula of

this ore may be thus expressed :

Fe 0}
Mn

t rn
Ca f >OO2-

MgOj
The structure of this mineral is lamellar, brilliant, and often

rhomboidal, like carbonate of lime. Its colour at the moment of

extraction from the mine is greyish or whitish yellow ; but by ex-

posure to the air it deepens and passes insensibly to a reddish brown

or maroon colour. It undergoes the same change when exposed to

heat ; and at the same time, in the latter case, becomes influenced

by the magnet, a property it does not possess in its natural

state.
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It is composed essentially of protoxide of iron and carbonic acid ;

FIG. 218. but it nearly always contains lime, manganese, and

magnesia.

Carbonate of iron is found in regular crystals ;

and mineralogists have remarked that not only

does it cleave into perfect rhomboids like car-

bonate of lime, but that it possesses the same

secondary forms as that substance.

Pig. 218 is one of its forms.

Analysis of two samples by Beudent and Klaproth :

Beudent. Klaproth.

Protoxide of iron . . 59*97 - 57'50

Carbonic acid . . . 38-72
'

/ 36-00

Oxide of manganese . . *39 . 3*30

Lime -92 1'25

100-00 98-05

Assay of Substances of the Fourth Class.

In the assay of these ferruginous matters, which are not fusible

because there is a deficiency of silica, a certain amount of silicious

sand must be added
;
but it is nearly always necessary to add at the

same time either lime or some other base, or even two bases at

wice.

The spathose iron ores containing much manganese fuse with the

addition of quartz alone ; on the contrary, those which contain much

magnesia require besides quartz a certain amount of lime.

When the spathose irons are mixed with stony gangues, the pro-

portion of the latter is determined by treatment with aqua regia, and

as these gangues are nearly always quartzose, besides the suitable

amount of silica which must be added, an amount of lime equal or

nearly equal in weight to the whole amount of silicious matter con-

tained in the ore must be superadded.

For aluminous minerals a mixture of silica and lime is necessary.

Although silica and lime alone may be employed in the assay of

titaniferous minerals, it is always better to add a small quantity of

alumina or magnesia, as such an addition renders the slag more

fusible. Lastly, very calcareous ores are often rendered fusible by
the mere addition of silica, because they contain nearly always a

certain amount of alumina or another base ; but it is always better to

add, as a flux, a very silicious white clav.
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Iron Ores of the Fifth Class.

These merely require fusion in a charcoal crucible, without the

addition of any flux.

The method of assay I pursue in my own laboratory is readier of

execution than that just described, and I find it applicable to all

kinds of ores ; at least all those kinds which generally fall to the lot

of the ironmaster or assayer to examine.

The furnace I employ is the ordinary wind furnace, capable of

producing a full white heat ; the crucibles, those termed " London

pots/' which are decidedly more refractory than either the Cornish

or the Hessian ; indeed, pieces of either of the last-named crucibles

can be softened in a London pot, without any alteration in the shape

of the latter. I do not usually employ the crucibles lined with char-

coal, but in a naked state.

The treatment of the ore is as follows ; Very finely pulverize the

sample to be assayed, and weigh out 200 grs., which mix in a

mortar with 100 grs. of quick-lime, and from 20 to 40 grs. of

charcoal, in proportion to the apparent richness of the ore : it is

always advisable to have a slight excess of charcoal. When well

mixed, place in a crucible, and cover over with about 300 grs. of

powdered bottle glass, taking especial care that it contains no lead ; or

better still, the same quantity of the silicate of lime, mentioned at page

229. Two crucibles must be prepared in this manner, and both placed

in the furnace when it is at a dull red heat. Allow the heat gradually

to increase in intensity, until it arrives at a very bright red, or

yellowish white heat, which ought to be in about three quarters of

an hour, then increase the heat to whiteness for half an hour, and

take the pots out gently ; tap their bottoms on a brick, in order that

the fluid metal may collect in a single button, and allow them to

cool gradually. "When perfectly cold, break them ; and if the assay

has been well conducted, the two buttons will not differ Jth of a per

cent, from each other, and the result is certain to be accurate. This

(the double assay) is the only method of verification I find it

necessary to adopt. Some advise the addition of borax, but I do not

find it useful; it is, in fact, rather injurious, as it alters somewhat

the character of the obtained metal. If the nature of the gangues,

&c., be wished to be ascertained, the humid method of analysis must

be had recourse to after the manner described below-; also, if it be

necessary to weigh the flux, a black-lead or charcoal crucible must

be employed.
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Humid Assay for the determination of the quantity of iron

only. Within the last few years much attention has been called to

the use of standard solutions for the estimation of various substances.

A standard solution is a solution of such a strength that a given

weight or volume will by a particular behaviour indicate a given

weight of the substance to be determined. Sometimes this indica-

tion is furnished by the non-formation of a precipitate ;
a change in

colour of the solution itself ; or, lastly, by the solution of the metal

or other substance after the addition of a certain quantity of the

standard solution ceasing to produce a particular effect with a certain

test. The apparatus necessary for using standard solutions will be

fully described in the chapter devoted to the Assay of Silver.

Two excellent atid ready processes for the estimation of iron by the

above means have been published ; the one is due to M. Marguerite,

the other to Dr. Penny. The author will here transcribe both, as

there" are points in each which may be advantageously studied.

M. Marguerite's Process. This method of analysis is based on

the reciprocal action of salts of the protoxide of iron and mineral

chameleon (permanganate of potash KO,Mn2 7), whereby a

quantity of the mineral chameleon is decomposed exactly propor-

tionate to the quantity of iron.

Thus, in any given solution of iron at its maximum of oxidation,

such as it more commonly exists in the mineral, it is only necessary

to bring it to the minimum of oxidation, and then to add gradually

a solution of permanganate of potash of a known strength. As long

as a trace of protoxide remains to be peroxidised the colour of the

chameleon is destroyed ; but it is at length noticed that the colour

of the last drop added is no longer destroyed, but communicates a

pink tint to the whole of the solution. This reaction indicates that

the operation is terminated, and the quantity of iron in solution

corresponds to the amount of permanganate added.

This reaction may be expressed by the following equation :

KO,Mn2O7 + 10 fFeO) = 2 (MnO) +KO + 5 (Fe2 3 )
.

It will be seen that 1 equiv. of permanganate of potash is capable

of peroxidising 10 equivs. of protoxide of iron. It hardly is neces-

sary to mention that the solution of the iron should contain a suffi-

cient excess of acid to hold in solution the peroxide of iron formed,

and also the protoxide of manganese and potash resulting from the

decomposition of the permanganate.
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If now we consider the various operations in the process, we

shall find they consist in the following :

1. In dissolving the ore in an acid; hydrochloric acid, for

example.

2. In treating the solution of the persalt of iron which results

by sulphite of soda, to reduce it to the state of protosalt, and to

boil it in order to expel the excess of sulphurous acid.*

3. In adding afterwards with precaution the solution of perman-

ganate of potash until the pink tint appears, and then reading off on

the graduated tube the number of divisions used.

Now it will be perceived there are two conditions to fulfil ; the

first, to effect a complete reduction, for the persalts of iron do not

react on the chameleon, all that remained at the maximum of oxi-

dation would escape the action of the chameleon, and consequently

would not be estimated as iron ; the second, to expel by ebullition

the whole of the sulphurous acid in excess, which, in contact with

the permanganate, would take from it the oxygen necessary to form

sulphuric acid, and thus react in the same manner as the iron. But

it is easily demonstrated by experiment, that the solution of a per-

salt of iron, treated with a sufficient quantity of sulphite of soda, is

en the one hand completely reduced to its minimum of oxidation,

and on the other does not contain the most minute trace of sulphu-

rous acid after a few minutes' ebullition.

A question here naturally presents itself, whether the salts of

iron, reduced to their minimum, do not absorb oxygen again with

great rapidity, and thus exert an influence on the results of the ana-

lysis : the following experiment, however, will remove all doubts on

this head : At this stage of the operation the solution was exposed
to the contact of air for four hours, and the test liquor then added,

a quantity of which was required exactly equal to that which was

necessary when the analysis was prosecuted without any delay. This

fact proves that the protosalts of iron in an acid solution are con-

verted into persalts very slowly.

* As it is important to employ a sufficient quantity of the sulphite of soda to render

the reduction of the persalt of iron to the state of protosalt complete, and yet to leave

sufficient hydrochloric acid in excess in the solution, it is advantageous to use a definite

and known quantity. For this purpose 4 oz. of crystallized sulphite of soda are dissolved

in a quart of water, and a pipette which contains 2 oz. is used to measure the quantity

added to each assay. 87i grs., which are contained in the 2 oz. of the pipette, are more

than sufficient to reduce 20 grs of iron
;
but this excess is necessary to ensure the entire

reduction of the persalt to protosalt.
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It becomes important to ascertain whether, in the ores of iron,

there may not exist substances capable of reacting on the chameleon,

and thus rendering the estimation of the metal erroneous.

Oil examining the composition of the greater number of the ores

described by various authors, and particularly by MM. Berthier and

Karsten, we find that they are most ordinarily composed of the fol-

lowing substances :

Ores. Metals.

Iron. Phosphoric acid. Cobalt.

Manganese. Lime. Nickel.

Zinc. Alumina. Titanium.

Arsenic. Magnesia. Chromium.

Copper. Silica. Tungsten.

The presence of zinc, manganese, titanium, tungsten, phosphoric acid,

lime, magnesia, alumina, and silica, do not at all interfere with the

accuracy of the results. Cobalt, nickel, and chrome, notwithstanding

the peculiar colour of their solutions, do not in the least prevent

the appreciation of the peculiar rose-pink tint of the mineral cha-

meleon.

Arsenic and copper, then, are the only substances among those

designated capable of producing a discrepancy in the analysis, as

under the influence of the sulphurous acid the arsenic acid becomes

arsenious acid, and the salts of peroxide of copper become salts of

the protoxide, and afterwards withdraw oxygen from the perman-

ganate of potash.

It is true that the ores containing arsenic are of little importance in

a commercial point of view, for the iron produced from them is

of so inferior quality as to be generally rejected ; nevertheless, I

have considered it right to give the method of analysis in cases

where it occurs, and a slight modification of the general process is

sufficient.

The operation is carried on as usual, except that, after having

boiled the solution to expel the excess of sulphurous acid, a piece

of pure laminated zinc is added, which, acting upon the hydrochloric

acid, disengages hydrogen ;
arsenic and copper are hereby reduced

and precipitated in the metallic state. When the solution of the zinc

is complete, the solution is filtered from the precipitated particles of

arsenic and copper, which would otherwise be re-oxidized
; and, after
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washing the filter three or four times with common water, the addi-

tion of the normal test liquor is proceeded with.

Preparation of the Normal Test Liquor. There are several me-

thods of preparing mineral chameleon. The most simple is that of

Prof. Gregory. It consists in fusing together 1 atom of chlorate of

potash, 3 atoms of hydrate of potash, and 3 atoms of peroxide of man-

ganese reduced to a fine powder. The mass is afterwards mixed with

so much water as to obtain as concentrated a solution as possible,

to which dilute nitric acid is added until the colour becomes of a

beautiful violet, and it is afterwards filtered through asbestos, in

order to separate the peroxide of manganese which it holds in sus-

pension. In this state the permanganate may be employed in the

analysis. I have described the method of preparing mineral chame-

leon for those who have no opportunity of procuring it ready-made ;

but it is well to mention that it is always to be met with among the

chemical manufacturers, and I now employ the chameleon procured

from this source.

The permanganate of potash is a preparation of great stability,

and may be preserved for a very long time without undergoing any

alteration, provided it be defended from the contact of organic mat-

ters and kept in a glass-stoppered bottle. To convert its solution into

a test liquor of known value, 20 grs. of pure iron, such as harpsi-

chord wire, are dissolved in about 1 oz. of strong hydrochloric acid,

free from iron ; after the disengagement of the hydrogen has ceased,

and the solution is complete, the liquid is diluted with about 1 pint

of common water.*

The solution of permanganate of potash is then added, drop by

drop, until a slight pink colour is manifest, and the number of divi-

sions on the tube necessary to produce this effect carefully noted
;

this number is then employed to reduce into weight the result of an

analysis of an ore.

When the solution of chameleon is too concentrated, it is easy, by

adding the proper quantity of water, to reduce it to one-half, one-

fourth, or one-fifth, so that 2 oz. shall be as nearly as possible equi-

valent to 20 grs. of iron. Comptes Rendus, No. xiv.

Dr. Penny's Process. The following method of determining the

amount of iron in a sample by means of a normal solution has been

contrived by Dr. F. Penny, who was led to substitute chromate of

* It is necessary to use solutions very dilute and cold, in order to prevent the hydro-

chloric acid in excess from reacting on the chameleon and disengaging chlorine.
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potash for hypermanganate of potash, as recommended by Mar-

guerite, and just described. The reason of employing the chromate

is, that it is an unchangeable salt, whilst the hypermanganate under-

goes spontaneous decomposition, so that its strength is variable ;

and each series of experiments made with it requires a separate veri-

fication by means of a weighed quantity of pure iron. This incon-

venience is avoided in Dr. Penny's method, which is described in his

own words as under :

" In the first series of experiments, pure harpsichord wire was dis-

solved with every care in hydrochloric acid, and bichromate of potash

added to the solution until the conversion of the protochloride of

iron into the perchloride was complete. I obtained the following

results :

Iron. Bichromate.

"Exp. I. 50 grains required 44'4 grains.

II- 39-7 35-2

III. 48-3 42-8

IV. 55-3 49-2

" The mean of these results is, 100 parts of iron to 88-75 of bi-<

chromate.
" In the second series of experiments protosulphate of iron was

employed. This salt was made from protosulphuret of iron, and

purified most carefully by repeated crystallization.
A known quan-

tity of it was dissolved in water, acidulated with either pure hydr6-

chloric or sulphuric acid, and the solution treated with bichromate :

Sulphate of Iron. Bichromate.

"Exp. I. 100 grains required 17 '90 grains.

II. 180 32-10

III. 150 26-82

IV. 120 21-40

" These experiments give the ratio of 100 parts of sulphate of iron to

17'867 of bichromate, or 100 of iron to 88'71, which corresponds very

closely to the mean result obtained with the metallic iron. More-

over, I performed a series of similar experiments with the neutral

chromate of potash, and obtained results completely confirmatory

of the general accuracy of the foregoing experiments. We may,

therefore, I think, safely conclude that 100 parts of metallic iron

correspond to 88*75 of the bichromate of potash, and that 100 of

the latter are equal to 112*67 of the former.
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" I shall now proceed to describe the method of employing the bi-

chromate of potash for the determination of the amount of iron in

clay-band and black-band ironstone. I shall be purposely minute,

as I particularly desire that the process may be serviceable to those

who, from their pursuits in life, are interested in the value and

quality of ironstone, and who may be imperfectly acquainted with

analytical operations.
"

A. convenient quantity of the specimen is reduced to coarse pow-

der, and one-half at least of this still further pulverized, until it is no

longer gritty between the fingers. The test solution of bichromate

of potash is next prepared. 44*4 grs. of the salt in fine powder are

weighed out, and put into an alkalimeter (graduated into 100 equal

divisions), and tepid distilled water afterwards poured in until the

instrument is filled to 0. The palm of the hand is then securely

placed on the top, and the contents agitated by repeatedly inverting

the instrument, until the salt is dissolved and the solution rendered

of uniform density throughout. It is obvious that each division of

the solution thus prepared contains 0'444 gr. of bichromate, which

corresponds to J a grain of metallic iron. The bichromate of potash

used for this process must of course be purchased pure, or made so

by repeated crystallization, and it should be thoroughly dried by being

heated to incipient fusion.

" ]00 grs. of the pulverized ironstone are now introduced into a

Florence flask, with 1J oz. by measure of strong hydrochloric acid,

and 4- an ounce of distilled water. Heat is cautiously applied, and

the mixture occasionally agitated, until the effervescence caused by
the escape of the carbonic acid ceases ; the heat is then increased,

and the mixture made to boil, and kept at moderate ebullition for

ten minutes or a quarter of an hour. During these operations it

will be advisable to incline the flask, in order to avoid the projec-

tion, and consequent loss, of any portion of the liquid by spirting.

About 6 oz. of water are next added, and mixed with the contents

of the flask, and the whole rapidly transferred to an evaporating

basin. The flask is rinsed several times with water, to remove all

adhering solution.

" Several small portions of a weak solution of pure red prussiate of

potash (containing one part of the salt to 40 of water) are now dropped

upon a white porcelain slab, which is conveniently placed for testing

the solution in the basin during the next operation.

The prepared solution of bichromate of potash in the alkalimeter

is then added very cautiously to the solution of iron, which must be
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repeatedly stirred, and as soon as it assumes a dark greenish shade

it should be occasionally tested with the red prussiate of potash.

This may be easily done by taking out a small quantity on the end

of a glass rod, and mixing it with a drop of the solution on the

porcelain slab. When it is noticed tHt the last drop communicates

a distinct red tinge, the operation is terminated. The alkalhneter is

allowed to drain for a few minutes, and the number of divisions of

the test liquor consumed read off. This number multiplied by two

gives the amount of iron per cent, in the specimen of ironstone,

assuming that, as directed, 100 grs. have been used for the experi-

ment. The necessary calculation for ascertaining the corresponding

quantity of protoxide is obvious.

" When black-band ironstone is the subject of analysis, or when

the ore affords indications, by its appearance or during the treat-

ment with hydrochloric; acid, that it contains an appreciable quan-

tity of carbonaceous matter, then the hydrochloric acid solution

must be filtered before being transferred to the basin, and the filter

with the insoluble ingredients must be washed in the usual way with

warm distilled water, slightly acidulated with hydrochloric acid,

until the filtrate ceases to give a blue colour with the red prussiate

of potash. In those cases, also, where the presence of iron pyrites in

the ironstone is suspected, it will be necessary to remove the inso-

luble matter by filtering before applying the bichromate solution ;

but with ironstones in which the insoluble ingredients are merely

clay and silica, filtration is not essential.

" Now it is evident that the foregoing process, so far as I have de-

scribed it, serves for the determination of that portion of iron only

which exists in the ore in the state of protoxide. But many speci-

mens of the common ironstone of this country contain appreciable

quantities of peroxide of iron, which, being unacted upon by the

bichromate of potash, would escape estimation by the present me-

thod. By an additional and easy operation, however, the amount

of metallic iron in this ingredient may be likewise determined. It

is only necessary to reduce it to the minimum state of oxidation,

and then to add the bichromate as previously directed.

" The best and most convenient agent for effecting the reduction

of the persalts of iron is sulphite of soda. The only precaution to

be observed is to use it in sufficient quantity, and at the same time

to take care that the iron solution contains excess of acid. When
the reduction is complete, a few minutes' ebullition suffices to de-
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compose the excess of sulphite of soda, and effectually to expel every

trace of sulphurous acid.

" In order to test the exactness of this mode of estimating the iron

in the peroxide, I made several experiments with peroxide prepared

from known quantities of pure iron wire. The peroxide was

thoroughly washed, dissolved in hydrochloric acid, reduced with

sulphite of soda, and after complete expulsion of the excess of sul-

phurous acid, the solution was diluted with water and treated with

bichromate of potash. I select three of the experiments :

"Exp. I. 10 grains of iron consumed 8'87 of bichromate.

II. 18 15-94

III. 25 22-15

" The mean of all my experiments on this point gives the ratio of

100 of iron to 88 '6 of bichromate, which is in close accordance

with the former results.

"
Whenever, therefore, the ore of iron contains peroxide, it will be

necessary to add sulphite of soda to the hydrochloric acid solution

before the addition of the test liquor from the alkalimeter. The

sulphite should be dissolved in distilled water, and added to the

solution of iron in small successive portions, until a drop of the

liquor gives merely a rose-pink colour with sulphocyanide of potas-

sium, which indicates that the reduction of the persalt of iron is

sufficiently perfect. The liquor is now heated till the odour of sul-

phurous acid is no longer perceptible. These operations should be

performed while the solution is in the flask, and before it is filtered

or transferred to the basin.

" I will here mention, for the guidance of those who may not be

fully aware of the reactions of the oxides of iron, that the existence

of an appreciable quantity of peroxide in the ironstone may be

readily discovered by dissolving (as directed in the process) 30 or

40 grs. of the ore in hydrochloric acid, diluting with about 8 oz. of

water, filtering and testing a portion of the solution with sulpho-

cyanide of potassium. If a decided dark blood-red colour is pro-

duced, the quantity of peroxide in the stone must be determined ;

but if the colour is only light red or rose-pink, the proportion is

exceedingly small, and for practical purposes not worth estimating.

Of course, when the specimen of ironstone has an ochrey or a reddish

appearance on the surface or in the fracture, the presence of a large

proportion of peroxide is indicated, and its exact quantity must be

determined.
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" In conclusion, I must not omit to notice one or two circum-

stances which appear at first to militate against the accuracy of this

process. It may be questioned whether solutions of the protosalts of

iron do not absorb oxygen so rapidly from the air as to influence the

results obtained by this method. Marguerite has shown [see ante],

and my own observations completely confirm his statement, that proto-

salts of iron, in an acid solution, become peroxidised very slowly ;

and, in a particular experiment, I found that contact with the air

during several hours caused no diminution in the quantity of bi-

chromate of potash required. As the process may be completed
in a few minutes, it is certain that no inaccuracy can arise from this

cause.

et
It is also important to inquire whether the chromic acid in the

chromates of potash may not be partially deoxidised by hydrochloric

acid alone without the presence of a protosalt of iron. Such a re-

action would obviously give rise to a serious error. It is well known

that concentrated hydrochloric acid rapidly decomposes the chromic

acid of the chromates when aided by the application of heat. But

I have satisfied myself, by numerous experiments, that this acid

exerts very little appreciable action upon dilute solutions of the

chromates of potash, either cold or warm, and that the action is

only partial even after continued ebullition; so that the present

method is free from inaccuracy on this account."

Quantitative Determination of all the Constituents usually

present in an Iron Ore. The ordinary constituents of clay iron-

stone (which is about the most complex, and the detail of whose

analysis will be the most useful) are the per and protoxides of iron,

oxide of manganese, alumina, magnesia, lime, potash, soda, sulphur,

phosphoric acid, carbonic acid, silica, and water.

Some iron ores dissolve very readily in hydrochloric acid or in

aqua regia ; others do not, even when they are in a very fine state of

division ; but all do readily after fusion with an alkali, or an alkaline

carbonate, as of potash or soda : hence it is advisable to fuse the

finely pulverised ore with an alkali previous to attempting its solution

in an acid.

In determining the amount of iron, the author recommends Dr.

Penny's process.

Determination of Silica, Oxide of Iron, and Oxide of Man-

ganese. The ore must be reduced to the finest possible state of

division, a small quantity placed in a test-tube, and boiled for some

time with hydrochloric acid. If it completely decomposes it need
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not be submitted to fusion with carbonate of soda, but 100 grains

may be at once weighed off, and treated in a Florence flask with

about 2 ounces of hydrochloric acid, gradually heated to ebullition,

and that temperature maintained until perfect decomposition has

ensued. If, on the other hand, the ore does not completely decom-

pose, 100 grains must be carefully mixed with 500 or 600 grains of

carbonate of soda placed in a platinum crucible and fused at a bright

red heat ; the fusion must continue about half an hour. It may be

here mentioned that the platinum crucible, previous to its submission

to the furnace, must be placed in one of clay furnished with a cover,

to protect it from the injurious effect of contact with the fuel.

When the platinum crucible and its contents are cold, it is placed

in a large evaporating basin, and pure dilute hydrochloric acid poured
over it : the fused mass dissolves with effervescence, and more acid

must be gradually added, as seems necessary, until no further action

takes place. The solution being finished, the crucible is removed,

washed with distilled water, and the whole, together with the wash-

ings, evaporated to dryness. The solution obtained in the first case,

in which the ore was wholly decomposable by hydrochloric acid

alone, is also to be evaporated to dryness. The object of this evapo-
ration is the conversion of the silica the ore may contain from a

partially soluble to a completely insoluble state, so that the whole of

it may be collected and weighed.

Towards the end of the operation, the partially-dried mass must be

continually stirred, in order to prevent losses by the spirting which

will otherwise take place. When cold, the contents of the basin are

moistened with hydrochloric acid, and

the whole left to itself for about one

hour. It is then mixed with a small

quantity of distilled water, gently

warmed and thrown upon a filter.

Every constituent of the ore, with the

exception of the silica, will pass

through the filter in a liquid state.

The silica remaining in the filter is to

be well washed with hot water, dried,*

ignited in a platinum crucible, and

weighed.

* The most convenient form of apparatus for

drying precipitates, filters, &c. in analysis, is a

little water-oven, called a "water-bath" (see fig. 219). It consists of a double box of

FIG. 219.
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To the liquid filtered from the silica, and with which the washings
have been incorporated, add a few drops of nitric acid, and boil ;

when cool, add gradually pure precipitated carbonate of baryta until

in excess, which point may be ascertained by cessation of efferves-

cence, and by some of the carbonate remaining undissolved. The

whole is now to be kept at a gentle heat for about an hour, and then

poured on a filter, in which will remain the peroxide of iron, alumina,

and phosphoric acid, together with the excess of carbonate of baryta

employed. The liquid which has passed through the filter is mixed

with excess of sulphuret of ammonium, covered with a glass plate to

exclude air, and left to itself for four or five hours. If any manga-
nese were present in the ore, it will now be thrown down as a

flesh-red precipitate, which must be collected on a filter, washed,

dissolved in a small quantity of hydrochloric acid, the solution filtered,

and excess of carbonate of soda added : carbonate of manganese is

precipitated, which is collected on a filter, washed, dried, ignited and

weighed as red oxide, every 100 parts of which correspond to 93

parts of the protoxide of manganese, in which state it usually exists

in the ore. The weight so obtained gives the per-centage. The

mixed precipitate of oxide of iron, alumina, carbonate of baryta,

and phosphoric acid remaining on the filter, is dissolved in a small

quantity of hydrochloric acid, and the amount of iron ascertained by
Dr. Penny's process, as already described. As the iron is in the

state of peroxide, its reduction to protoxide must be effected by

sulphite of soda, according to the method already given.

Determination of Lime and Magnesia, and part of Phos-

phoric Acid. Dissolve another 100 grains of ore with the precau-

tions already pointed out, only in this case the silica may be rejected,

and treat the solution by the following process, which was contrived

by Fresenius :

The solution is heated to ebullition in a flask, and reduced with

sulphite of soda, then precipitated with carbonate of soda, and boiled

with excess of caustic soda until the precipitate appears black and

granular. It is allowed to subside, the clear liquid poured off, the

precipitate washed by decantation with hot water, and finally brought

upon a filter of close texture and washed with hot water.

Treatment of the precipitate. The precipitate is again trans-

ferred, together with the filter, into the flask, and digested with

hydrochloric acid. When no more black particles are perceptible it

is filtered ; the filter is left whole, a little water poured over it, the

copper or tin plate about six inches square, with water between the casings, which is

kept in a state of ebullition by means of a gas flame or spirit lamp.
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flask inclined so that it remains hanging by the side while the liquid

runs off : in this manner it may be quickly and completely washed.

The filtered solution is reduced with sulphite of soda, heated to boil-

ing, mixed with a few drops of chlorine water, then with an excess of

acetate of soda ; and when the liquid or precipitate has not a reddish

tint, chlorine water is added until this is the case. The whole is

boiled until the precipitate has separated, filtered hot, and the preci-

pitate, consisting of phosphate and some basic acetate of the peroxide

of iron, washed.

To the solution just filtered from the phosphate of iron, add am-

monia and sulphuret of ammonium, and filter while hot ; this removes

manganese and iron, leaving lime and magnesia alone in solution.

The whole is filtered while hot, and the precipitate remaining on the

filter rejected. To the filtered solution is added excess of solution

of oxalate of ammonia : this throws down insoluble oxalate of lime,

which must be collected on a filter, washed, dried, and ignited at a

low red heat. The residue is now carbonate of lime, every 100

parts of which correspond to 56*29 parts of lime.

To the solution filtered from the oxalate of lime, and which con-

tains the magnesia, add excess of phosphate of soda, agitate briskly,

and set aside for twelve hours ; then collect the crystalline preci-

pitate of ammonio-phosphate of magnesia on a filter, wash it with

water containing a little ammonia, dry and ignite it ; weigh the

resulting pyro-phosphate of magnesia : every 100 parts correspond

to 36'67 parts of magnesia.

The precipitate containing the perphosphate and basic acetate of

soda is dissolved in hydrochloric acid, reduced with sulphite of soda,

boiled for some time with excess of caustic soda, and filtered. The

filtered solution which contains the phosphoric acid is supersaturated

with hydrochloric acid, and placed aside for future operation.

Treatment of the alkaline solution poured offfrom thefirst

black precipitate. Determination of Alumina and remainder of

Phosphoric Acid. The solution is acidulated with hydrochloric

acid, a little chlorate of potash added, and then boiled ;
it is then

precipitated with ammonia (avoiding a large excess), and chloride of

barium added as long as a precipitate appears. After digesting for

some time it is filtered. The precipitate, which contains the whole

of the alumina and phosphoric acid, is collected on a filter, washed

with a little water, and dissolved in as little hydrochloric acid as

possible. The solution is saturated with precipitated carbon-ate of

baryta, gently warming ;
an excess of caustic soda is added, and the
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heat still kept up. Any baryta contained in the solution is removed

by carbonate of soda, which is added until no further precipitation

takes place. The whole of the alumina is now in solution, and the

whole of the phosphoric acid in the precipitate.

The solution is rendered acid with a little hydrochloric acid, boiled

with a small quantity of chlorate of potash, precipitated with excess

of ammonia, and allowed to stand for a few hours
;

after which the

precipitated alumina is collected on a filter, washed, dried, ignited,

and weighed : its amount represents the per-centage of alumina in

the ore.

The precipitate containing the phosphoric acid is dissolved in hy-

drochloric acid, the baryta precipitated with dilute sulphuric acid,

which is added until no further precipitate ensues ;
the liquid and

precipitate placed in a warm situation until the former is quite

bright; it is then filtered, and to the filtered liquid is added, the small

portion reserved as before directed : excess of ammonia is added to

the mixture, then some chloride of ammonia, and lastly sulphate of

magnesia. The phosphoric acid is precipitated as the ammonio-

phosphate of magnesia, which is washed, dried, and ignited, with the

precautions already pointed out. Every 100 parts correspond to

63*33 parts of phosphoric acid.

Determination of Potash and Soda. If the ore be completely

decomposable by hydrochloric acid, dissolve at once 100 grains in

that liquid ; if not, fuse the same quantity with four times its weight

of hydrate of baryta in a platinum crucible : treat with hydrochloric

acid, and separate the silica precisely as already described. To the

filtered solution add an excess of baryta water : this precipitates every-

thing but the potash and soda and part of the lime. Throw the

whole on a filter, well wash the precipitate, and add the washings to

the bulk of the filtered liquid ; to which add excess of ammonia and

carbonate of ammonia : by these reagents the small quantity of lime

and the excess of baryta in solution are precipitated. The solution

must now be filtered, evaporated to dryness, and ignited. The dry

residue consists of chlorides of potassium and sodium, which must

be weighed, then dissolved in water to which a little hydrochloric

acid is added, then excess of chloride of platinum, and the whole eva-

porated to dryness in the water bath ; alcohol is now added, and the

whole thrown on a small filter. The yellow precipitate of platino-

chloride of potassium on the filter is washed with alcohol until the latter

passes off colourless. The filter and its contents are then dried and

weighed. Every 100 parts of platino-chloride of potassium correspond
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FIG. 220.

to 30*56 parts of chloride of potassium. The quantity of chloride of

potassium thus obtained is deducted from the weight of the mixed

chlorides of sodium and potassium as obtained above ; the difference

will be the amount of chloride of sodium. Every 100 parts of chlo-

ride of sodium correspond to 53'28 of soda, and every 100 parts of

chloride of potassium to 63*25 of potash.

Determination of Sulphur. Dissolve 100 grains of the ore in

either of the manners already described, separating the silica; in

this case, however, a little nitric acid must be added to the hydro-

chloric acid previous to its mixture with the ore. To the filtered

solution, made somewhat dilute, add excess of chloride of barium,

and allow to stand in a warm place for a few hours. Collect the pre-

cipitate of sulphate of baryta on a filter, wash, dry, ignite, and weigh.

Every ]00 parts correspond to 13' 7 9 parts of sulphur.

Determination of Carbotiic Acid. The most convenient appa-

ratus for the determination of this gas

is that invented by Fresenius and "Will,

of which the following is a description.

Fig. 220 shows its construction. A is

a large flask of about two ounces capa-

city, in which the decomposition of the

carbonate is effected; B a somewhat

smaller flask, containing strong sul-

phuric acid : both are supplied with

doubly pierced corks, for the reception

of the three tubes a, c, and d. The

tube a is confined to the flask A, being

immersed below the level of the fluid :

in the same manner, d is only connected

with the flask B, and only extends just

below the cork. Lastly, the tube c enters the neck of A on the one side,

but does not extend further, and, by a double bend, is brought into

connection with B, which it enters, dipping into the sulphuric acid.

The mouth of a is closed with wax during the experiment, so that no

orifice is left in the whole apparatus but the mouth of the tube d.

The large assay balance, represented by fig. 179, is admirably

suited for weighing this apparatus.

100 grains of the ore are introduced into the flask A, which is

then filled with water to about one-third ; the apparatus is closed by
the wax stopper, and brought into equilibrium on the balance by a

counterpoise. The decomposition of the carbonate under examina-
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tion is now induced by sucking out a small quantity of air with the

mouth from the tube d. The air is thus drawn not only from B,

but also from A, both flasks being connected by the tube c ; bubbles

of air are therefore seen passing from A through the sulphuric acid
;

and in order to restore the equilibrium of pressure, a small quan-

tity of sulphuric acid is forced from flask B into flask A, where

coming in contact with the carbonate under examination, it decom-

poses it ; and the carbonic acid evolved with effervescence in A can

only escape by the tube c into the flask B, whence it must pass

through the remainder of the sulphuric acid and the tube d into the

air. This sulphuric acid condenses with great energy all the aqueous

vapour, and retains everything that the current of gas might possibly

carry with it. When the operation of removing a small quantity of

air by the mouth, and the consequent addition of corresponding

quantities of sulphuric acid to the contents of flask A, have been

repeated until no more effervescence ensues, the decomposition is

complete.

There is still, however, a portion of carbonic acid remaining in the

apparatus which was previously filled with air, and some still clings

to the solution in the flask A, which by this time has become cold.

Both must be removed before the apparatus is re-weighed. For this

purpose, by suction, as in the commencement, at d, so much sulphuric

acid is caused to pass over at once as will give rise to a considerable

elevation of temperature in A, by which means the carbonic acid in

solution is evolved, and with it that portion still clinging to the other

parts of the apparatus. By removing the wax stopper b, the mouth

of a is opened, and air may then be drawn through the apparatus

from d until all the carbonic acid is expelled. Here, too, all the

moisture which is removed by the current of air from A will remain

in the sulphuric acid in B. When the whole apparatus has cooled

it is placed upon the scale, and the amount of carbonic acid is ascer-

tained by the weights which must be added to reestablish the equi-

librium.

Determination of Water. Weigh 100 grains of the ore, and

ignite for a quarter of an hour in a lightly covered platinum crucible.

When cold, weigh the ignited ore; the loss is carbonic acid and

water. Deduct the amount of carbonic acid previously obtained from

the total loss, and the remainder represents the quantity of water.
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CHAPTER IX.

THE ASSAY OF COPPER.

IN the assay of copper by the dry way, all minerals and substances

containing that metal are divided into four classes.

Class 1 comprises substances containing neither sulphur nor

arsenic, nor any foreign metals but iron.

Class 2 comprises ores, &c., containing sulphur, but no other

metal than iron.

Class 3 comprises the sulphurets which contain other metals

than iron, as arsenic, antimony, lead, &c.

Class 4. Various alloys.

Class 1. The minerals belonging to this class are the following:

Native Copper.

Suboxide of Copper, Ruby Copper.
Oxide of Copper.

Oxy-chloride of Copper.

The Silicates of Copper.

Anhydrous Carbonate of Copper.

Blue Carbonate of Copper, Azurite.

Green Carbonate of Copper, Malachite.

Native Copper (Cu). This substance possesses all the properties

of the manufactured metal ; colour, aspect, odour, flexibility, and

sonorous properties, are pefectly the same. Native copper occurs in

many forms ; it is found in regular crystals in the cube and octa-

hedron and their modifications : thus (see figs. 221, 222, 223, 224,

and 225).

FIG. 221. FIG. 222. FIG. 223.
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Fm. 224. FIG. 225.

It also occurs in thin

leaves in the fissures of

rocks and other mine-

rals; in an aggregation

of small scales (it is

then called
" inoss

copper"), or in large

masses from 1 Ib. to

60 and 70 tons, and upwards. It is usually very nearly pure, but

sometimes contains a considerable quantity of silver.

Sub-oxide of Copper, Ruby Copper (Cu2O). Its colour is usually

a very intense deep red; it occasionally, though, assumes a fine

crimson tint when it occurs in silky or capillary crystals. When in

masses its tint is darker, but pulverisation is sufficient to develop its

fine colour. It is exceedingly friable. It also occurs in octahedral

and cubical crystals (see figs. 226 to 228).

FIG. 226. FIG. 227. FIG. 228.

These crystals are sometimes covered with a greenish crust : this

is due to the presence of a little carbonate of copper.

Composition :

Copper

Oxygen

88-82

11-18

100-00

There is also another variety of this ore called Ferruginous Red

Oxide of Copper, or Tile Ore. It differs only from the ruby copper

in containing some oxide of iron.

Oxide of Copper, Black Copper (CuO). This is a brownish-

black or black earthy substance, very friable; does not crystallize.

It accompanies nearly all copper ores, but does not exist in any
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quantity. It is a product of decomposition of the sulplmret and sul-

phate of copper.

Composition :

Copper . . . \m\ . 77'05

Oxygen 22'95

100.00

Oxy-Moride of Copper (CuCl,3(CuO),3(HO). Agreen mineral,

crystallizing in right rhomboidal prisms. It is translucent, some-

times transparent ; soft, and brittle. Its streak is apple-green, and

lustre vitreous.

Composition :

Chloride of copper .
;x . . . 30'12

Oxide of copper .
,,-. .,..-. v. k

,
. 54*22

Water . . :.^. ., . ,. . 14'16

Oxide of iron (accidental) . . . 1*50

100-00

Silicates of Copper (3CuO,2SiO3,2HO). This mineral much

resembles the green carbonate of copper ; but it is remarkable for its

great compactness, and for its peculiar appearance, which causes it

to resemble an enamel or well-fused slag. It has a beautiful bluish-

green colour, and it is occasionally mixed with a considerable amount

of carbonate of copper (malachite). A very powerful vein of this

mineral has lately been discovered in Jamaica.

Composition of sample admixed with a little carbonate of copper :

Oxide of copper . .
v
>; . 40'00

Silicic acid . . . .*- . 40-00

Water . .... . 12-00

Carbonic acid . 8'00

100-00

Anhydrous Carbonate of Copper is exceedingly rare. It is a

deep brownish-black, in compact earthy-like masses, occasionally

mixed with malachite.
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Composition :

Oxide of copper . . . . 60' 7 5

Carbonic acid . . . . . 16 '70

Peroxide of iron . . . . ,
- 19*50

Silica 2-11

99-06

Blue Carbonate of Copper, Azurite (2(CuO,CO2),CuO,HO).
This mineral is distinguished from all others by its fine blue colour.

It is found in perfectly regular crystals, which are sometimes isolated .

The finest crystals are found in groups enveloped in a fine clay, in

which are found globular masses presenting a radiated structure ;
the

surface is spotted with crystals. These occur frequently in the Burra

Burra Mine, and are locally and quaintly termed " she oak apples/'

from a fancied resemblance in shape to the ordinary oak apple

The following are some of its crystalline forms (figs. 229 and 230).

FIG. 229. FIG. 230.

The green carbonate and red oxide usually accompany this mi-

neral.

Composition of a specimen from Bannat :

Oxide of copper . .
j. r

-
. 69' 08

Carbonic acid .
w ,. ....'..' . 25'72

Water 5*20

100-00

Green Carbonate of Copper.Malachite (CuO,CO2,CuO,HO).
This mineral always possesses a fine velvety green colour, varying

from apple-green to emerald-green. It has sometimes a blackish-

green tinge. It is rarely crystalline, but appears to affect the same
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forms as the preceding variety. Some crystals have been found pos-

sessing both the blue and green colours. Malachite is ordinarily pre-

sented under the form of mammellated concretions ;
the interior

is very compact, and lustre shining. This mineral is nearly always

accompanied by other ores of copper.

Composition of a sample from Siberia :

Oxide of copper ,, ^*. , . 71 '70

Carbonic acid . . . . . 20'50

Water 7'80

100-00

Assay of Ores of the First Class.

Native Copper. The weight of the whole sample is to be taken.

Any oxide, carbonate, or sulphuret of copper or gangue that may

accompany it must be carefully detached by hammering, or otherwise,

and its weight estimated arid deducted from the total weight as before

obtained. There will now be three weights weight of metallic

copper, weight of ore and gangue, and total weight of sample:

these must be entered in the assayer's note-book thus :

Total weight of sample (say) . -* 5680 grains.

Weight of rough metallic copper (say) 3580

Weight of ore and gangue . 2100

200 grains of the rough metallic copper must then be treated as

described under Refining and Assay of the Fourth Class, and the

quantity of fine copper noted.

If the mixture of ore and gangue broken from the rough metallic

copper contain any sulphuret of copper, it must be assayed as

directed for Class 2 ; if not, and it is rich (say apparently above

10 per cent.), it, as well as all the varieties of Class No. 1, may, if

as rich as just stated, be thus assayed :

200 grains must be gently calcined to expel water and carbonic

acid. The calcined ore, when cold, is mixed with the following

flux:

300 grains of carbonate of soda,

300 grains of argol,

50 grains of lime.
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After intimate mixture, it is placed in a suitable crucible, which

it ought not to more than two-thirds fill, covered with a small quan-

tity of an equal admixture of carbonate of soda and argol, and on the

top of all 200 grains of borax. The crucible is then set on the fur-

nace with all the precautions mentioned in the article on reduction,

and allowed to remain at a gradually increasing heat until the

whole contents flow freely, and the upper surface of the flux assumes

a peculiar wavy appearance, which needs only once be seen to know

the term of the assay.

When this appearance is produced the crucible may be seized with

the tongs, its contents agitated by a circular or washing motion,

which, after a little precaution, is easily imparted to it by means of

a gentle movement of the tongs ; it is then gently tapped against the

furnace top, to facilitate the collection of any small globules floating

in the flux, and allowed to cool.

If the assay has been successful, the upper part of the inside of the

crucible will have been scarcely touched by the flux
;
and where it is

stained, the colour is black or brownish-black, and not green or red :

if either green or red, a small quantity of oxide of copper has escaped

decomposition, and if the mass of the flux be thus coloured the assay

is useless, and must be recommenced. This imperfection in the assay

may arise from one or more of three causes : Istly, too small a

quantity of reducing agent (argol) may have been employed ; 2dly,

the fusion may have been too rapid, in which case some of the oxide

of copper has been taken up by the boracic acid of the borax, and is

then difficultly reducible by means of carbonaceous matter, that is

to say, to the metallic state ; but the green borate of copper formed

by the union of oxide of copper (CuO) with boracic acid is readily

reduced to the state of subborate, or a compound of the sub or red

oxide of copper (Cu2O) with boracic acid, which compound has a

fine red tinge, and is the cause of the red spots found intermingled

with green either on the side of the crucible, or in the mass of the

flux in an imperfect assay. This may be avoided by very gradually

increasing the heat from the commencement, and, if possible, keep-

ing the whole in a state of dull redness, below the fusing point, for

about a quarter of an hour, a time sufficiently ample for the total

reduction of the contained oxide of copper to the metallic state ; after

which no fear need be entertained of the success of the assay if the

next source of error be carefully guarded against, which is, 3rd and

lastly, the assay may be kept in the fire after it is completed, in which

case a portion of copper is oxidised, and the assay is again rendered
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incorrect. This happens from the oxidising power of carbonate of

soda on copper, and will be explained in the refining process.

After the crucible has been thoroughly examined as to the above

appearances, it may be broken. The button of copper found at the

bottom should be well fused into one compact bead or prill, not ad-

hering either to the crucible or slag. The outer surface should be

perfectly smooth, and of the purest copper colour
;

it should flatten

considerably under the hammer without splitting at the edges, and

finally bend slightly before breaking.

Two assays must be made at the same time, and the resulting

buttons not differ from each other more than the eighth of a grain

=TVth percent.

To calculate the assay when native copper is mixed with ore, pro-

ceed thus, taking the numbers given before :

Total weight of sample . '-^v
'

'
J

'#-:
l i ' / 5680 grains.

Weight of rough metallic copper . '*>-'&.$ . 3580

"Weight of ore and gangue . 2100

Suppose we have found by experiment that 200 grains of rough

copper give 198 grains fine copper=99 per cent., and that 200 grains

of ore and gangue give 124 grains fine copper=62 per cent. : the

per-centage is thus calculated :

Let A represent the total weight of sample,

B copper,

,> C ore and gangue,

D per-centage of fine copper in rough copper,

and

E per-centage of fine copper in ore and gangue
-

f

BxD+CxE
=

per-centage of copper in the whole sample,
A

The following is worked out, according to the above rule, from

the numbers already given :
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Weight of rough copper 3580 x 99 = 354420

Weight of ore and gangue 2100 x 62 = 130200

354420 + 130200 = 484620

484620
(per

cent, of fine copper
= 85*14 J in mixture of native

5680 ( copper and ore.

The same rule is also applicable in calculating the mixture of gra-

nular metallic copper or tin in rich copper or tin slags. It is also

exceedingly useful in calculating the per-centages of silver and gold

in admixtures of the native metals with rich or poor gangues, and

will be again referred to under the heads Silver and Gold Assay.

Poor Ores, dc. Poor ores and slags cannot be accurately assayed

in the furnace by the process already described as applicable to rich

ores, as it is very difficult to collect all the copper into one button,

more especially as a very large amount of flux in proportion to a very

small amount of copper always induces the retention by the former

of a comparatively large per-centage of the latter ; so that it is found

advisable in practice to concentrate the copper by separating it in the

form of sulphuret, or as a mixed sulphuret of iron and copper, rather

than attempting to obtain it directly in the metallic state. The best

method of operating is to mix 500 or 1000 grains of the ore or slag

with 50 to 100 grains of iron pyrites (mundic) free from copper, and

300 to 600 grains of pulverized fused borax (glass of borax) ; fuse

the mixture in a crucible with the precautions already pointed but.

When perfectly fused, take from the furnace, tap it to collect all

globules, and allow to cool. When cold, break, and a regulus, or

mixture of sulphurets of iron and copper, will be found in the form

of a button, which should not adhere either to flux or crucible.

The reaction in this operation is thus

2(CuO) + 3(EeS2)
= 2(CuS),3(FeS) + S02 .

In this case the oxygen of the oxide of copper in the poor ore or

slag oxidises a portion of the sulphur in the pyrites, whilst the sul-

phuret of copper combines with the sulphuret of iron it finds itself

in contact with, and is thus collected into one tolerably large button,

whilst the portion of sulphur oxidised passes off as sulphurous acid.

This mode of concentration is exceedingly simple.

The button of regulus so obtained now no longer belongs to the
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first class, but must be transferred to the second, and treated as there

directed.

The assay of most of the ores and substances belonging to this class

can be very readily performed by the wet way : thus

Dissolve 100 grs. if rich (200 or 300 if poor) in hydrochloric acid.

The ore, previous to solution, must be finely pulverized, placed in a

flask, and about 2 oz. of hydrochloric acid added, a gentle heat

applied until all action ceases, and the residue, if any, is quite white.

The solution is then allowed to cool, diluted with about 3 oz. of

water, and filtered into a beaker glass or precipitating glass, and the

filter thoroughly washed, so as to remove all the cupreous solution :

the washings are to be added to the bulk of the solution. In case

the substance is not decomposable by hydrochloric acid, it must be

fused with carbonate of soda (see Analysis of Iron Ore, page 243), and

then treated with hydrochloric acid as above directed.

To the filtered solution, (however obtained), a few pieces of bright

and clean iron or zinc are added (the author prefers the latter) ; effer-

vescence ensues, and metallic copper is deposited. If when the whole of

the zinc or iron added is dissolved the solution is not colourless, more

iron or zinc is added, and the action kept up, when required, by the ad-

mixture of a little more hydrochloric acid until the solution is colourless,

and all the zinc or iron dissolved. When this happens, the liquid

must be finally tested, to ascertain if all the copper is thrown down

in the metallic state. To this end, file a nail perfectly bright, and im-

merse it in the solution for a few minutes : if no copper be present

in solution the nail will remain unaltered ; if there be, however, the

smallest quantity there, the nail will become covered with a reddish

film of metallic copper, which is easily recognisable. If this be the

case, more zinc and acid must be added until no traces of copper

remain in solution. The whole must then be filtered, and the metallic

copper on the filter washed with hot water until the latter passes off

tasteless. The filter containing the copper is then, in company with

another filter of precisely the same weight, transferred to the water

bath, and there dried until it ceases to lose weight. The weight, if

100 grains have been employed, gives the per-centage ; if more, the

weight obtained must be divided according to quantity.

The following equation will represent the reactions occurring

during the assay, supposing malachite or green carbonate of copper
the substance assayed :

(CuOCO2,CuO,HO) -f 2HCl= 2(CuCl) + 3(HO) +C02 .

s
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In this case the carbonate of copper is decomposed, the carbonic

acid being evolved ; the oxide of copper is also decomposed, chloride

of copper and water being formed. The result is solution of chloride

of copper, which, being acted on by metallic zinc, gives up metallic

copper : thus

2 (Cud) + 2Zn= 2 (ZnCl) + 2Cu .

Here we have zinc merely replacing the copper, chloride of

copper and metallic zinc before, and chloride of zinc and metallic

copper after the reaction.

Methods of obtaining the amount of copper by means of standard

solutions will be given at the termination of this chapter.

Class 2 comprises the following minerals :

Sulphuret of Copper, Vitreous Copper.

Copper Pyrites (Yellow Ore).

Peacock Copper Ore, Horse-flesh Ore.

Sulphates of Copper.

Seleniuret of Copper.

The above ores calcined on the large scale
; and

Hegulus and Coarse Copper from any of the above ores,

Sulphuret of Copper (Cu2S). This mineral is generally lead-

coloured, sometimes iron-grey, with a bluish tint on its surface ana-

logous to that of tempered steel. It is compact, rarely lamellar, and

very often shining : hence the name "
vitreous copper." It is usually

found in small amorphous masses disseminated in various gangues,
but is sometimes found regularly crystallised. It crystallises in the

rhombohedric system (see figs. 231, 232, and 233).

FIG. 231. FIG. 232. FIG. 233.
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Composition :

Copper .
:i

'

r..f ,j
.

<"'bf*
Sulphur . ';..,- . .

r . $

Copper Pyrites, Yellow Ore (FeS,CuS). This is the most com-

mon ore of copper, and nearly the whole of the ore raised in Corn-

wall, and in the United Kingdom generally, is of this species. It

has a brass-yellow colour, sometimes passing to a golden tinge ; on

exposure to moist air it becomes iridescent on its surface. It occurs

crystallised, and in the amorphous state, in powerful veins or lodes.

Its crystalline form is an octahedron with square base, passing

into the tetrahedron.

Composition of a crystalline specimen analysed by Eose :

Copper .... '"^ . 34-40

Iron . . .

'

. "V;. . 30-47

Sulphur . . 35-87

100-74

Peacock Copper Ore, Horse-flesh Ore. This ore has no fixed

formula, as it is composed of variable mixtures of sulphuret of copper

and sulphuret of iron. It occurs both massive and crystalline. When

crystalline, it usually affects the cubical form, with the angles more

or less replaced : a variety of these forms, denoting the passage of

the cube to the octahedron, will be found in the chapter on Crystal-

lography, under that portion relating to the modifications of the

cubical system. When massive, its colour is copper-red, to a pecu-

liar reddish-brown, which has induced the name "horse-flesh."

This latter colour and its darker modifications characterise the crys-

talline varieties, which, together with the amorphous, have always

an iridescent tarnish, mostly blue, green, and yellow : hence the

term "
peacock ore."

The following analyses give an idea of its usual composition.

Sample 1, from Norway ; sample 2, from Killarney ; sample 3, from

Germany :
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1. 2. 3.

Cogper . . 69-5 61-07 70-0

Iron ... 7-5 14-00 7'9 .

Sulphur . . 19-0 23-75 20-0

Silica . . . 0-0 0'50 -2

Oxygen . . 4-0 O'OO 0-0

100-0 99-32 98-1

Sulphate of Copper (CuO,S03,6HO). This salt is a constant

ingredient of the water pumped from copper mines j it is due to the

decomposition of the sulphurets of copper. It is a bright-blue salt,

not found distinctly crystallised in the native state, but occurs mas-

sive or stalaetitic ; its fracture is conchoidal, and it is soluble in

water.

Composition :

Oxide of copper /". /'. \ '. 31'86

Sulphuric acid\ '. '. '. . 32'24

Water '. V '. V \ . 35-90

100-00

' '

. .

~ '
'

', , . "\

Sul-sulphate of Copper (4CuO,SO3+ 4HO).This is a greenish

insoluble mineral, crystallising as a right rhomboidal prism. It is

very rare.

Seleniuret of Copper (Cu2Se). A silver-white ductile mineral,

also very rare.

Composition :

Copper .
T
\ t r

v
., f ^

. . 44'45

Seleniuret . . <

^,-
. 55*55

100-00

The other substances belonging to this class are the minerals already

mentioned in their roughly calcined states ; also the regulus and coarse

metal derived from the fusion of such minerals, or roughly calcined

minerals, or a mixture of both.



THE ASSAY OF COPPER. 261

Assay of Ores of the Second Class.

Ores of this class, with the exception of the sulphates, roughly

calcined ores, and coarse metal, are assayed for two very different ends ;

the one in order to ascertain the amount of regulus or coarse metal

obtainable from a given weight, the other to ascertain the per-centage,

or, in commercial language, the produce of fine or metallic copper. ,

Assayfor Uegulus. The assay for regulus serves to determine

the relative quantity of sulphurets and gangue in the ore
submitte(|

to experiment, and consequently the quantity of regulus a given ore

would produce in the large way.

This assay is very simple and ready of execution, and has been

partially described when treating of the method of concentrating the

copper in poor ores of the first class.

The operation consists in acting on the ore with a substance capable

of determining the fusion of the gangue, but exercising no decom-

posing action on the sulphurets. No flux fulfils these conditions

better than fused borax, which must be thus employed :

200 grains of finely pulverised ore

glass of borax,

well mixed, and placed in a crucible, which should not be more than

half filled. The fusion must be effected with the precautions already

pointed out. When the crucible is cold it is broken, and the button

of regulus weighed.

The assay may be conducted with the fluxes used on the large

scale, as lime, &c., in which case the ore must be mixed with three

times its weight of the silicate of lime advised in the assay of iron.

It may be here mentioned that, in case this flux is used, the tempe-
rature must be a full white heat.

It is essential to remark that the regulus produced by this process is

composed of sulphurets containing the minimum amount of sulphur.
The reaction is thus, supposing the ore to be assayed consists of a

mixture of sulphuret of copper and iron pyrites with gangue,

CuS + FeS2 -fNa02(B03) + Gangue

Eegulus. Slag.

= (CuS,FeS) + (Na02B03 4- Gangue) + S
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Assayfor Fine Copper. This assay may be divided into three

distinct operations : Istly. Boasting, or the total and complete sepa-

ration of the sulphur contained in the ore (in a state of combina-

tion with copper, or with copper and iron, as simple or compound

sulphurets), as sulphurous and sulphuric acids, and at the same time

the complete oxidation of the copper and iron present is effected.

Sndly. Reduction, or the separation of the oxygen from the oxides

of copper and iron by means of carbonaceous or hydrocarbonaceous

matter. And 3dly and lastly. Fusion, or the collecting the reduced

copper into one metallic mass or bead for the convenience of weigh-

ing.

Many experimenters have endeavoured to reduce the labour and

tedium of the assay of ores of this class by attempting the suppres-

sion of the roasting process, but to my knowledge have not yet been

successful
; there always being a small loss of metal even with the

most happy operators.

The following are the results of some of the reactions of various

agents which have been employed with the view of superseding the

roasting:

Carbonate of Soda decomposes copper pyrites, but without the

production of metallic copper. A black crystalline homogeneous

slag is formed, which contains an alkaline sulphuret, a sulphuret of

iron, sulphuret of copper, and oxide of iron.

Argol, Black Flux. Copper pyrites fused with either of these

substances gives a very fluid homogeneous slag, the colour of which

is black, with a metallic lustre, but in which not the slightest trace

of metallic copper can be detected.

Carbonate ofSoda and Metallic Iron. A mixture of these two

substances separates a certain quantity of copper from copper pyrites,

but this quantity never exceeds three-fourths of that contained. This

maximum is obtained by using 4 parts of carbonate of soda, and 30

to 40 per cent, of iron filings. The slag is black and homoge-

neous.

Nitrate of Potash. This is the most successful reagent for the

abridgment of the roasting process, and is much used in the Cornish

method of assay for that purpose. With nitre, all the copper can be

extracted from the sulphuret, but with considerable difficulty, on

account of its requiring repeated experiments to discover the amount

of nitre producing the maximum result.

So that the slag may be very fluid, it is necessary to add some

borax to the mixture of ore and nitre, or ore, nitre, and alkaline car-
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bonate ; so that the reduced copper may collect in a button or prill.

With two parts of nitre, two parts of carbonate of soda, and one part

of borax, pure copper pyrites gives about 30 per cent of metallic

copper, or rather less than the actual quantity by 4 per cent.

In the Cornish assay by imperfect roastings, aided by fusion with

nitre, the trouble attendant on the ordinary roasting process is much

abridged ; but the actual time consumed in the assay is greater than

by the process to be presently described : besides, the result is not so

accurate, as there is necessarily a small loss on every one of the fusions

and roastings, so that the produce is never so high as it should be.

Roasting, If the ore contain 10 or more per cent, of copper, it

may be at once submitted to the roasting operation, with all the

precautions pointed out under that head at p. 79, et seq. If poorer

than above, it is best submitted to the regulus fusion (with its own

weight of glass of borax), and the button of regulus roasted. 200

grains, if the ore be tolerably rich, are sufficient for assay ; if it be

poor, 400 grains are necessary..

During the roasting oxides of copper and iron are formed ; at

the same time, also, a considerable quantity of sulphate and sub-

sulphate of copper is produced, while during the whole operation

sulphurous acid is evolved. The lower the temperature employed in

roasting, the larger the amount of sulphates produced. The fol-

lowing is the rationale of the production of the above substances

during the roasting of copper pyrites. It may be mentioned that

the formation of oxides of iron and copper, sulphate and subsul-

phate of copper, and sulphurous acid, go on simultaneously ; but the

student will better understand the reactions if they are given sepa-

rately.

Production of oxides of copper and iron, and sulphurous acid, from

copper pyrites

2(CuS,FeS) + 13O= 2(CuO) + Fe2O3 -f 4(SO2) .

Production of sulphate of copper, oxide of iron, and sulphurous

acid, from copper pyrites

2(CuS,FeS) + 180= 2(CuO,S03) + Fe2O3 + 2(S02).

Production of subsulphate of copper, oxide of iron, and sulphurous

acid, from copper pyrites

4(CuS,FeS) -f 330=4CuO,S03 + 4(Pe20, + 7(S02).
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The formation of the sulphates of copper interferes very materially

with the second operation in the assay, viz. the reduction of the

oxide of copper contained in the roasted mass to the metallic state ;

for to ensure perfect success in this portion of the work it is abso-

lutely necessary the whole of the sulphur should be eliminated : in

fact, that the result of the roasting should be the formation of pure
oxide of copper, or a mixture of it with oxide of iron. For if,

during the reduction, any sulphuric acid were present, it would, as

well as the copper, be reduced by the carbonaceous matter, and the

sulphur so eliminated would combine with its equivalent proportion

of copper, and thus sulphuret of copper would be again re-formed,

whereas the final result of the reduction must be pure copper per-

fectly free from sulphur.

The reaction of carbon on sulphate of copper may be thus ex-

plained. It is supposed, in the present case, that the mixture to be

reduced contains 4 equivalents of oxide of copper, and 1 equivalent

of sulphate of copper

4 (CuO) + CuO,SO3 + 4C= 3Cu+ Cu2S + 4(C02) ;

so that two-fifths of the whole of the copper is lost as regulus.

In order to avoid this source of error, advantage is sometimes

taken of the fact, that at a certain temperature sulphate of copper is

decomposed ; the temperature is, however, so very high, that there is

great fear of fusing the assay : it is therefore not advisable to pursue

this plan, but to avail ourselves of the reaction occurring between

sulphate of copper and carbonate of ammonia at a tolerably low tem-

perature : in this case the sulphuric acid combines with the ammonia,

forming sulphate of ammonia, which is volatile, leaving pure oxide

of copper as a fixed residual matter in the crucible : thus-

CuO,S03 +NH40,C02
=CuO +NH40,SO3+CO2 .

Resume of the operation of assaying ores of the second class.

Rich Ores. Calcine 200 grains with the necessary precautions,

taking care to continue the calcination at the highest possible tem-

parature the ore will bear without agglutinating, until it no longer

smells of sulphurous acid. Remove the crucible from the fire, and

allow it to become nearly cold
; then place on the top of the calcined

mass a small lump of carbonate of ammonia weighing about 30
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grains. Cover the crucible by the inversion of a smaller one, and

again submit to a dull red heat until the whole of the carbonate

of ammonia has disappeared. This point can be readily ascertained

by lifting up from time to time the smaller crucible. When the

volatilisation is complete the roasting is finished, and the crucible

contains nothing but oxide of copper and gangue, or a mixture of

oxides of iron and copper, and gangue. When cold, the roasted ore is to

carefully removed from the calcining test or crucible, in whichever

vessel the operation was performed, placed in a mortar, and inti-

mately mixed with the flux recommended for the reduction of the ores

of Class No. 1., to which this thoroughly calcined ore now belongs.

The fusion is to be effected as stated under that head, and the result-

ing button of copper weighed.

Poor Ores. To be assayed for regulus by fusion with glass of

borax, and the resulting button pulverised, roasted, and fused, as if

it had been originally a rich ore.

Assay of the Sulphates. 200 grains are heated to dull redness

with 100 grains of carbonate of ammonia, and the fusion proceeded

with as already shown.

Humid Determination of Copper in Ores of this class. The

following is the method usually recommended : Place 100 grains

of the finely-pulverised ore in a flask, and add either 2 ounces of

strong nitric acid, or a mixture of 1 ounce of strong nitric acid with

1 ounce of strong hydrochloric acid. Apply a gentle heat until all

the ore is decomposed. This point can be determined by the ab-

sence of a coloured residuum, and by the separated sulphur swimming
on the surface of the hot liquid in bright amber-coloured drops.

When this occurs, the flask and contents must be left to cool, the

liquid poured off from the sulphur into an evaporating basin, and

the flask well rinsed with water, which must be added to the fluid

already in the basin, taking great care not to allow the sulphur to

pass over with the solution of copper.

The solution and washings in the basin must now be evaporated

to complete dryness, the object of which is to expel the last traces

of nitric acid, the presence of which would prevent the precipitation

of metallic copper by either iron or zinc ; inasmuch as copper is

soluble in nitric acid, and the moment it was precipitated by the

iron or zinc it would be re-dissolved by the nitric acid in solution.

After evaporation to dryness, the contents of the basin must be

moistened with hydrochloric acid, and allowed to stand for an hour ;

then water is added, and the whole gradually warmed, the solution
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filtered, and the filtered solution treated with zinc, and the resulting

copper washed, dried, and weighed, as described under the head

Humid Assay of Ores of Class 1.

It often happens, however, that several hours boiling is required

for the complete decomposition of ores of this, the second class. More-

over, the evaporation to dryness, &c., to expel excess of nitric acid,

consumes much time : the author therefore recommends the following

process :

Calcine 100 grains of the ore in either a crucible, small porcelain

capsule, or platinum capsule. The operation must be continued at a

low temperature until no more sulphurous acid is perceived. The

roasted ore, when cold, is to be transferred to a flask, boiled with

two ounces of hydrochloric acid (in which, after roasting, it is inva-

riably perfectly decomposed), the solution allowed to cool, diluted

with water, and filtered. The copper is separated in the usual

manner from the filtered liquid. The whole operation does not

occupy more than two or three hours.

Sulphate of Copper needs only to be dissolved in water to which

a little hydrochloric acid has been added, the solution filtered, and

treated with zinc as above.

Class 3 includes the following minerals :

Stanniferous Sulphuret of Copper.

Bismuthic Sulphuret of Copper.

Multiple Sulphurets of Copper,

Grey Copper. (plumbiferous.

Phosphates of Copper.

Arseniates of Copper.

Arsenite of Copper.

Stanniferous Sulphuret of Copper. This mineral appears to be

a compound of the sulphuret of copper and sulphuret of tin. Its

colour is greyish-yellow. It is compact, and has a semi-granular

fracture, sometimes passing to the conchoidal. It is very rare.

Composition. A specimen from Cornwall gave the following re-

sults :

Copper ...... 30-0

Tin ...... 26-5

Sulphur . ..... 30-5

Iron 12-0

99-0
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Bismuthic Sulphuret of Copper. This mineral is also very rare.

It is found both in amorphous masses and in congregated needles.

It has a shining steel-grey lustre, which changes in the air to a

reddish or bluish tint.

Composition :

Copper
Bismuth . . . . (\^ ,

Sulphur .
.

t

. . .

92-42

Multiple Sulphurets of Copper, Grey Copper. Under this

head is included a very great variety of minerals, which are all more

or less argentiferous. They may be divided into three groups, as in

the heading of the ores of the second class: 1st, the arsenical;

2nd, the antimonial; and 3rd, the plumbiferous.

Arsenical Sulphuret of Copper (Cu2S,FeAs,Agn). This is the

formula derived from the first analysis, quoted below, but by no

means represents the formula of all the ores of this class, as the vary-

ing proportions of their constituents seem to point out that many of

them are mixtures of various quantities of the different sulphurets

and arsenurets. These remarks apply, more or less, to all ores coming
under the generic name Grey Copper. The minerals containing the

four above-mentioned elements as their chief constituents crystallise

in forms derived from the regular tetrahedron ; they are bright steel-

grey in colour on a freshly broken surface, but soon tarnish in the

air. Their fracture is uneven or conchoidal. The following analyses

represent some members of this group whose composition has a cer-

tain degree of fixity. Nos. 1 and 2 samples of Freyburg, No. 3

from Cornwall :

1. 2. 3.

Copper . 41-0 42'5 45'3

Iron . . 22-5 27'5 9'3

Arsenic . 24'1 15'6 11-8

Silver . . '4 -9 O'O

Sulphur . 10-0 10-0 28'8

Gangue . 0-0 0-0 5-0

98-0 96-5 100-2
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Antimonial Sulphurets of Copper. There is little external dif-

ference between this group and the preceding. They can be, how-

ever, readily distinguished by their behaviour before the blow-pipe,

the former giving off no antimonial smoke, the, latter abundance.

The following three analyses will give the student a good idea of

the usual constituents of this class :

1. 2. 3.

Copper V; 38'4
'

386 34'5

Iron .

'

. 1-5 4-0 2'3

Zinc '". . 6-8 2-7 5'5

Silver . . -8 2'7 4'9

Antimony 25*3 165 28'2

Arsenic . 2'3 7'2 O'O

Sulphur . 25-0 26-3 247

100-1 98.6 100-1

Plumliferous Sulphurets of Copper, Bournonite(^(Cu^S) Sb2S3 -f

6(PbS)Sb2S3 . The above is the composition of the pure bour-

nonite ; but, as before stated, all ores of these varieties differ much

in composition. The colour of this class is generally deep lead-

grey ; fracture uneven ; usually soft, so as to be readily cut by a knife.

.When crystalline, the crystals are derived from the right rectangular

prismatic system.

The three appended analyses will fairly represent the average com-

position of this group :

1. 2. 3.

Copper . 13-5 12-8 12'6

Lead . . 39'0 42'6 40*8

Iron . . 10 T2 O'O

Antimony 28*5 24'2 26'3

Sulphur . 16-0 17-0 20*3

98-0 97-8 100-0

Phosphates of Copper (4CuO,P05,2HO, and 5CuO,H05,5HO.)
These formulee are referrible to analyses Nos. l^and 2. This mineral

occurs in radiated masses, also in crystals, which are of a green or

blackish-green colour, and splendent ; they are frequently prismatic,

but sometimes approach the octahedral form. When massive, the

colour is green and black intermixed.
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Composition :

1. 2.

Oxide of copper . . 63'9 62'9

Phosphoric acid . . 287 22*7

Water ... V .' 7*4 14'4

100-0 100-0

Arseniates of Copper. There are many minerals belonging to

this class. Their colour is usually greenish ; but, as they do not

accompany the ordinary ores to any extent, there is no necessity to

dwell further on them, giving only the following analysis of a speci-

men from Cornwall :

Oxide of copper *

'' v

jf

* f

. . 54'0

Arsenious acid . ',''-.'.' .. . 30'0

Water 16-0

100-0

Assay of Ores of the Third Class.

In conducting the assay of the ores of this class, it is always better,

whether they be rich or poor, to obtain a regulus before roasting, as

most of them are very difficult to roast, on account of their fusibility

from containing lead and antimony. A little silver sand maybe
advantageously mixed before roasting. 200 grains are enough for

assay if the ore appear rich, 400 if poor.

The roasting, treatment with carbonate of ammonia, and fusion, are

conducted precisely as described in the treatment of first and second

class ores. The resulting button, however, differs materially ; that

from the two previous classes extending considerably under the

hammer before cracking at the edges, and even where cracked the

fracture is a fine copper colour. The button from the third class

ores will scarcely flatten at all under the hammer ; it more usually

breaks to pieces without flattening, or at best, if it do flatten, it cracks

extensively. It must now be refined, for which the student is referred

to the assay of substances of the fourth class.

Humid Determination of Metallic Copper in Ores of the Third

Class. Dissolve 100 grains of the ore by either of the processes

pointed out for ores of the second class, and to the unfiltered solution

add solution of ammonia until it is in considerable excess, which may
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be readily recognised by the liquid smelling strongly of it. The

whole must then be thrown upon a large filter, and the precipitate

of oxide of iron, &c., on the filter well washed with water containing
a little ammonia, until the liquid passes through colourless. The

filtered liquid and washings must now be mixed; strongly acidulated

with hydrochloric acid, zinc added, and the separation and estimation

of the copper proceeded with as already described.

Class 4 comprises all the various alloys of copper which may

proceed either from works on the large scale, or from small assays of

ores of the preceding class.

Assay of Substances of the Fourth Class.

There are two methods of conducting this assay, but both based

on the fact that in a mixture of copper with antimony, arsenic, lead,

iron, sulphur, &c., the latter substances are more readily oxidisable

than the copper itself, and that the copper does not appear very

amenable to the action of oxygen or oxidising agents, whilst any of

the above metals are alloyed with it, and that oxygen and oxidising

agents only commence to take any very perceptible effect after they

are entirely or very nearly separated.

The oxidising agents employed are Istly, the oxygen of the at-

mosphere in conjunction with lead and oxide of lead ; 2ndly, carbo-

nate of soda, or potash and nitre ; and 3rdly, carbonate of soda

alone. The merits of each will now be discussed, and the mode

of operation given.

Refining, or the Assay of Substances vf the Fourth Class by

Oxygen and Lead. This method is entirely employed in Hungary
and Saxony, and is thus performed :

Eefiuing is analogous to cupellation ;
in fact, it is a true cnpella-

tion made on copper, and has for its object the separation of all the

metals with which the copper may be alloyed.

The operation does not, however, give all the copper in a state of

purity, and the estimation can only be made approximately. Never-

theless, it is of great use, as it has an analogy with the refining on

the large scale, and affords the opportunity of determining the quan-

tity of copper which an alloy would furnish by treatment on the large

scale.

The refining of copper is carried on in an ordinary cupel furnace ;

but as it requires a very high temperature, one possessing more than

the ordinary draught must be employed.
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The ordinary bone-ash cupel is generally used.

When the furnace and cupels have arrived at the proper tempe-

rature, the copper is introduced
; when it is fused, lead, if it is judged

necessary, is added. The refining then commences. The lead, the

alloyed metals, and part of the copper, oxidise, and form a fusible

combination, which envelopes the circumference of the metallic

button, and which the cupel partly absorbs. The button appears

agitated, and revolves rapidly, being constantly covered by a brilliant

iridescent pellicle. At the instant the operation is about to be

finished the movement becomes quicker, and the pellicle more shining;

then, all at once, the movement and pellicle disappear together, and

the button becomes solid.

These phenomena constitute what is termed the brightening.

When the brightening takes place the refining is finished, and the

cupel may be removed from the fire.

The refined button is covered with a fine crust of protoxide of

copper, which cannot be detached without difficulty, if it be cooled

slowly ;
but if it be plunged as hot as possible into water, the oxide

is easily removable by the hammer.

It is generally preferable to sprinkle the button with glass of borax,

in the proportion of about 7 per cent., as soon as possible after the

brightening ; and if the button be plunged into water whilst very

hot, the newly formed borate of copper may be detached by the first

blow of the hammer. The copper is known to be pure when it is of

a fine red colour, and malleable.

In order to arrive at the proportion of copper in the substance

assayed, it is not sufficient to weigh the assay button, because a part

of it is carried away in the state of oxide, either with the other me-

tallic oxides, or with the borax added to cleanse it.

The alloys of copper submitted to the refining process may or may
not contain lead. When they contain none, a tenth of their weight
is added successively, until the copper be pure. In order to arrive

at the true proportion of copper in the alloy one eleventh of the

weight of all oxidisable materials (including the lead atlded), and

one tenth of the weight of the borax are to be added to the weight of

the assay button obtained.*

When the copper alloy contains lead, it may contain just sufficient

for the assay, or it may contain too little, or too much. In the

former case there is nothing to add; in the second lead must be

* Berthier.
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added by tenths until the copper remains pure ; and in the third,

instead of adding lead, a determinate weight of pure copper must be

added, the assay concluded as usual, and the quantity added deducted

from the quantity obtained, all corrections having been previously

made.

The proportion of copper contained in an alloy can be found, how-

ever, without making any suppositions as to the quantity of that metal

scorified by the lead, by refining as follows : Place in two cupels, side

by side, in a well heated muffle, 4 parts of pure lead, and, as soon as

melted, place in one of the cupels 1 part of pure copper, and in the

other 1 part of the alloy to be assayed, and conduct the refining as

usual.

The assay buttons are then weighed : that from the pure copper

weighs more than the other. Supposing, then, that the difference of

weight represents the quantity of foreign metal the alloy contained,

and that the absolute quantity of copper oxidised is the same in both

cupels, it suffices to add to the weight of the button the loss which

the pure copper has undergone, in order to arrive at the proportion

of copper contained in the alloy. This supposition is not strictly

true, and it seems more probable that the exact result is to be arrived

at by adding one eleventh the weight of the alloyed metals, and one

seventh of the borax to the copper obtained. However, where the

alloy is rich, this does not matter very much.

Eor cupriferous leads, cupel at the same time 1 part of pure copper,

with 4 parts of pure lead on the one hand, and on the other with 4

parts of the cupriferous lead. The second assay gives more copper
than the first, and the difference of weight between the two assay

buttons gives the quantity of copper contained in the alloy.

Refining by Carbonate of Potash and Nitrate of Potash.

This method is generally employed in Cornwall. The flux for this

purpose is a mixture of nitrate of potash and argol. The mixture is

ignited, and the result is the formation of carbonate of potash with

an excess of nitrate of potash. If the student refer to page 138,

he will there find described in what way the alkaline carbonates act

as oxidising agents, as well also as nitrate of potash.

The operation is thus conducted : 200 grains of the alloy, or the

button obtained in the assay of an ore of the third class, must be

fused in an earthenware crucible. When completely fluid, about

100 grains of the flux are added, the furnace cover put on, and a

strong heat kept up for about five minutes. The contents of the

crucible must then be rapidly poured into an ingot mould, and the
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crucible returned to the fire, so that it should not chill, and run the

risk of cracking ;
because it is just possible that the sample may re-

quire more than one refining. When the metal and the slag in the

mould are cold, they must be examined. If the slag be green or

red, then too much flux has been added, or the assay has been kept

iu the fire too long, both circumstances producing precisely the same

effects ; indeed, one is only a modification of the other. Thus, if

too much flux be added, all the foreign metals are oxidised and re-

moved, arid the excess of flux acts on the copper, it not being pro-

tected by the alloy ; also, if it be kept in too long, the same result

will ensue, if there be the slightest excess of flux, from the same cause.

This also explains why the copper ore assay (the reducing assay) should

not be kept in the fire too long, because as soon as the whole of the

carbonaceous matter is expended, either in reducing the ore, or by too

long exposure to the fire, the alkaline carbonate in excess in the flux

reacts on the copper, oxidising a portion, becoming itself red,

either partially or throughout its whole bulk, in proportion as the ao
tion has continued.

To return to the examination of flux and refined button of

copper. If the flux be not coloured green or red, it is a clear evjr

dence that neither too much has been used, nor the assay kept
too long. The button is now our next care. If its colour be bright

copper red, and if it flatten under the hammer, as already de-

scribed, the process has been successfully conducted, and the weight
of the button will represent the amount of fine copper in the quantity

of ore or metal submitted to assay. If, on the other hand, the flux be

coloured green or red, a loss of copper has been sustained, and the assay

should be recommenced ; or, if the button should not flatten under the

hammer, it must be returned tp the crucible which had been pre-

viously employed and placed in the fire, and when again fully fused

more flux added, and the operations of pouring, examining, re-melt-

ing, and adding flux, repeated until the desired result is obtained.

Refining by Carbonate of Soda. This is the least objectionable

process, as this substance is a much more gentle oxidising agent than

the mixture just described. The operation is carried on exactly as

above, and is the one recommended by the author.

Determination of Copper in the Humid Way by Standard

Solutions and Colorimeters. Many have lately turned their atten-

tion to a rapid method of determining the amounts of copper in solu-

tions by means of standard solutions, or by the intensity of colour of

an ammoniacal solution.
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Pelouze and Parkes have been eminently successful in this branch

of the use of standard solutions, and Jaquelain by the colour of an

ammouiacal solution, for the determinatioa of copper. The processes

are thus carried into effect :

Pelouze's Process. This is dependent on the decolorisation

of an ammoniacal solution of copper by sulphuret of sodium. The

standard solution of sulphuret of sodium may be made by dis-

solving four ounces of crystallised sulphuret of sodium in a quart

of water. To determine the strength of this solution proceed as

follows :

Dissolve 20 grains of pure copper in nitric acid, dilute the solution

with water, add excess of ammonia, and make up the deep blue solu-

tion thus afforded to about half a pint, which introduce into a suitable

flask, and heat to ebullition. Whilst the contents of the flask are in

process of boiling, pour into a burette, divided into 100 parts, 100

measures of the solution of sulphuret of sodium, and when the

cupreous solution is boiling, gradually add the sulphuret of sodium

until the liquid in the flask becomes colourless : it must be kept in a

constant state of ebullition. When this is the case, the whole of the

copper is thrown down as a black precipitate of oxysulphuret of

copper (5CuS,CuO).
The number of degrees of solution of sulphuret of sodium required

to produce this effect must be noted, and the numbers so used are

equivalent to and represent 20 grains of copper.

Suppose 186 measures or degrees had been necessary, then as

186 : i :: 20 to.*?.

so that every division or degree in the burette corresponds to '1-075

grains of copper ;
and in the assay proper the operator has only to

multiply the number of divisions used by the number obtained as

above, and the result will be the amount of copper in the quantity of

ore or other material operated on.

The assay of the ore is thus made : 50 grains are dissolved in

nitric acid, or in nitro-hydrochloric acid (aqua reyia), as may be found

most advantageous. When the solution is complete, the flask is

allowed to cool, water added, and then considerable excess of am-

monia. If the precipitate thus produced be very bulky it must be
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separated by filtration, well washed, and the washings added to the

filtrate ; if not, the small amount need not be separated. The solu-

tion must now be boiled, and the sulphuret of sodium added as just

described. When the blue colour of the solution in the flask has

disappeared, the number of divisions is noted, and multiplied by the

number obtained in standardising the solution as already described.

The result is the quantity of copper in 50 grains : this multiplied

by 2 gives the per-centage.

Pelouze made a great number of experiments to ascertain how far

the presence of other metals might interfere with the accuracy of this

process, and his results assure him that nickel and cobalt alone have

any injurious effects ; and fortunately these occur but seldom, and in

small quantities, in copper ores and their products.

Parkes Process. This process is to be preferred to that just

described ; but, as the substance employed is not so readily obtain-

able in many districts as the sulphuret of sodium, Pelouze's has also

been described. The author prefers Parkes' process, inasmuch as the

operation may be performed at the ordinary temperature, and the

final term is more readily distinguishable.

The following is Mr. Parkes' description, from the "
Mining

Journal :"

" The process is based upon the decolorisation of an ammoniacal

solution of copper by cyanide of potassium (KCy) or sodium, or

ammonia and hydrocyanic acid, in a free state ; but I prefer to use

cyanide of potassium as being less subject to decomposition, and more

readily obtained in a state of purity in commerce than the other sub-

stances named.
" The method of operating is as follows : Take a given quantity

of pure copper (say, for instance, 10 grains), place it in a flask, and

dissolve it in nitric acid, add ammonia in excess, and then make it

into a bulk of 2500 grains by measure (about one-third of a pint) by
the addition of water, although this is not absolutely necessary.

Dissolve 1 ounce (avoirdupois) of pure cyanide of potassium, free

from ferrocyanide or sulphuret of potassium, in 5 ounces by measure

of water ; filter if necessary, and place the solution in a well-stoppered
bottle till required for use. I then ascertain the quantity of this

solution of cyanide of potassium required to decolorise the solution

of copper by taking a given quantity in any graduated vessel, -as a

burette, and pour it by degrees into the solution of copper, adding
the last quantity drop by drop until it is decolorized. This is very

easily perceived, as there is no precipitate to interfere, and the ope-
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ration is conducted at the ordinary atmospheric temperature. I

mark down the quantity required (say 500 grains) by volume. After

having established this datum it is very easy to estimate the quantity

of copper contained in any ore or cupriferous product by dissolving

a given quantity (say 20 grains in nitric or nitre-hydrochloric acid)

with the assistance of heat if required, as in the case of some sul-

phurets. The addition of ammonia in excess is necessary, and. if

any considerable quantity of iron or alumina was present in the

sample, it should be allowed to digest under ebullition, to make sure

that all the copper is taken up by the ammonia ; filter into a flask,

wash the precipitate with water, and make it into a bulk of 2500

grains, as when taking the standard of the solution of pure copper.

All that now remains to be done is to allow it to get cold, and add

the cyanide of potassium until decolorised, noticing the quantity

taken. I will suppose it required 400 grains by volume of the cy-

anide solution, then from the proportion

500 grs. KCy : lOCu : : KCy 400 to Cu 8

the quantity of copper contained in the 20 grains of material taken

for analysis, or 40 per cent. If the ore taken was a sulphuret, it is

sometimes advisable to filter, in order to separate the sulphur before

adding the ammonia ; or else use a dilute solution of ammonia and

a gentle heat when digesting, or small quantities of sulphuret of

copper might be reproduced, especially when the precipitate produced

by the ammonia is a bulky one.

" When manganese is present in the ore, easily ascertained by

preliminary examination by the blowpipe, it is best to employ car-

bonate of ammonia to form the ammoriiacal solution, as the carbonate

of manganese is very little soluble in this reagent. The reason for

this modification is, that on adding cyanide of potassium to an ammo*

niacal solution of copper containing that metal, it assumes a slightly

yellowish tint, which would interfere a little with the estimation of

the last few -^ths of copper.
" The above remarks also apply to arsenic when present simulta-

neously with iron in the sample, as the nitric acid converts it into

arsenic acid, and this forms with the iron a salt, arseniate of iron,

which is soluble. I have easily obviated this, by adding to the

nitric or nitro-hydrochloric acid solution of the substance a little

protosalt of tin or sulphate of magnesia ; the arsenic is thus rendered

insoluble on afterwards adding the ammonia."

Jaquelairis Process. This process is the most simple of all, and
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is sufficiently accurate for most purposes. It is exceedingly useful

in the smelting-house for ascertaining the contents of slags, &c., in

copper. In this process there is no need of preparing a teat liquor,

nor of verifying its strength for each analysis ;
it merely requires the

dissolving the alloy or ore, rendering the solution ammoniacal, mea-

suring, and lastly, the addition of water to a known volume of the

blue liquid, until the tint resembles that of a normal solution enclosed

in a sealed tube. The weight of the copper is directly proportional

to the total volume of the solution diluted until the tints are uni-

form. M. Jaquelain says that by this process the weight of copper

can be ascertained to within three-thousandths. In the following

description the process is somewhat modified :

Three glass tubes of equal internal and external diameter have to

be provided ; they must be closed by the blowpipe at one end. In

lieu of these tubes, three moulded glass bottles, furnished with

accurately ground stoppers, may be substituted, and are handier in

use, inasmuch as no sealing at the blowpipe is required. It will be

supposed, in this description, that bottles are employed; also a

burette divided into 100 parts, and a glass vessel divided in
parts,

one of which corresponds to ten divisions of the burette : this must

hold twenty burettesful.

20 grains of pure copper are dissolved in nitric acid, the solution

diluted with water, excess of ammonia added, and the whole poured
into the larger graduated vessel, which must be now filled up to the

mark indicating the measure -of the contents of 20 burettes : thus

each buretteful indicates or represents 1 grain of pure copper.

This quantity of the solution so prepared is placed in one of the

stoppered bottles, the stopper firmly put in, and tied over with bladder

or vulcanised India-rubber, and labelled
" one grain." Half a burette-

ful of the liquid must now be diluted with an equal bulk of water,

so that the liquid contained in the burette is tinged with half a grain

of copper instead of 1 grain, as in the former case. This mixture is

to be placed in another of the bottles, the same precautions as to

the fixing the stopper taken, and it is labelled,
"
half a grain/' These

are now two standard solutions which cannot change; hence no

correction is required for them when they are used.

The liquid in the large graduated vessel may now be rejected.

We have now 'two test-bottles : one containing a solution of a cer-

tain intensity of colour produced by the solution of 1 grain of copper
in nitric acid, the addition of ammonia, and subsequent dilution to 1
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buretteful, or 1 00 divisions ;
and the other containing only half a

grain. This being accomplished, the assay is thus conducted :

100 grains of the substance to be assayed are dissolved in nitric

acid and treated with ammonia, filtered into the large graduated

vessel, the precipitate on the filter well washed, the washings added

to the first strong blue solution obtained, and the whole made up to

the bulk of 20 burettes in the larger vessel.

A portion of this diluted solution is now placed in the third stop-

pered bottle, and its tint compared with the 1-grain standard solu-

tion ;
if it exactly correspond with it, the 100 grains of substance

dissolved contain exactly 20 grains or 20 per cent, of fine copper, as 20

grains of fine copper furnished the original solution. If, however,

it be darker than No 1 standard solution, it must be diluted with

water until it has the same tint, and the whole measured. Supposing

it has required 10 burettesful of water to effect this, then as 20

burettes '. 20 grains of copper '.'. 30 burettes to 30 grains of copper,

or 30 per cent. : and so on. If, however, it be not so dark as

No. 1, then compare it with the half-grain standard, and proceed as

before.

With a little practice, an assay may be made in this way in less

than an hour, including the solution and filtration.

CHAPTER X.

ASSAY OF LEAD.

ALL minerals and substances containing lead may for the purposes

of the assayer by the dry way be divided into three classes :

Class 1st comprises all plumbiferous matters containing neither

sulphur nor arsenic, or mere traces only, of those elements.

Class 2nd includes all sulphurets, autimonial or otherwise.

Class 3rd, substances into whose composition either arsenious,

arsenic, or sulphuric acids, or a mixture of either, enters.

Class 1st. The following are the substances belonging to this

class :
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Litharge.

Minium.

Carbonate of lead, native.

artificial (ceruse).

Oxychloride of lead.

Chlorocarbonate of lead.

Aluminate of lead.

Cupel bottoms.

Lead fume (non-antimonial)

(non-sulphurised), and

Siliceous slags.

Litharge, Oxide of Lead (PbO). This substance is found

native, but is very rare ;
the artificial oxide of lead, however, very

often falls under the assayer's hands, and is produced in large quan-

tities in the smelting-houses, where silver-lead is refined.

Composition :

Lead >^ ~';'
J

;"'.

v M
;' '%' 92-82

Oxygen . ..
.

,
. .#' 7'18

100-00

Minium, Red Oxide of Lead (probable formula, 2PbO, PbO2).

This is a bright red substance, commonly known as
" red lead

"
it,

like the former, is occasionally found native.

Composition :

Lead .

'
J

? t'V/ {;""' V 90-66

Oxygen . /V
;

!

*
*j

! '

;'''.. 'T-W- 9'34

100-00

Carbonate of Lead (PbO,CO2). This mineral is very variable

in its appearance, colour, and structure. It occurs,

Istly. In prismatic needles deeply striated in the direction of their

longitudinal axis. It is of a pearly white colour, fracture vitreous,

with a greasy lustre.

2ndly. In very fine needles of a pearly lustre, crossing each other

in every direction, or forming radiated masses.

3rdly. In plates or compressed crystals, perfectly transparent, but

not readily mistaken for quartz by its great specific gravity.

4thly. And lastly, as amorphous or earthy carbonate of lead. This
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Variety is mostly compact and friable, but its aspect is always more

or less greasy. It is very variable in its colour, passing from white

to sulphur yellow, straw yellow, dull grey, lavender blue, brown,

and red.

Composition of two varieties ; the first pure crystalline, the second

amorphous and mixed with earthy matter :

1. 2.

Oxide of Lead . . 82 .... 660
Carbonic acid . . 16 '"'.,'

"^

"*'

""''. 13'0

Clay . . . . "v^; .,-

'

15*3

Oxide of Iron . . Y ~\ . '.

''"

2*3

Water ,^^--. . . . .^ 2-2

08 98-8

Artificial ceruse is used by the assayer as a flux rather than as a

substance under assay. For its nature and composition see p. 125.

Oxychloride of Lead (PbCl,2PbO). This is a rare mineral of a

straw yellow colour.

Composition of a specimen from Mendip Hill :*

Lead
'

~, ^ y. . . 85'69

Chlorine _., ^vr ...-., Vv . 9*87

Oxygen ..... 4*44

100-00

Aluminate of Lead (PbO, Al2O3 -f6HO), This is also a rare

mineral. It is amorphous, and in appearance much like gum. The

following is an analysis of a specimen by Berzelius :^

Oxide of lead ... .
' 40-14

Alumina
r,;^

-

t̂ _ . . vf _ 37'00

Water . . . 18'80

Sulphurous acid . . * . '20

Sand '60

Oxide of iron and manganese . 1 *80

98-54

Cupel bottoms, lead fumes, and stags, are of very variable compo-

sition
;
and it would tend but little to the advantage of the student

to reproduce here any analyses which have been made> as special
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instruction will be given to conduct an accurate assay of all those

substances.

Assay of Substances of the First Class.

The assay of these substances is very simple indeed, Litharge,

minium, carbonate of lead, &c., may be assayed by simple fusion

with carbonaceous matter ; but when the operation is thus conducted,

loss of lead is sustained : it is therefore better to add some flux which

will readily fuse, and allow the globules of reduced lead to collect

into one button. No flux fulfils this condition better than a mix-

ture of carbonate of soda and argol, which is to be intimately mixed

with the assay. The following is the best mode of procedure ;<

To 200 grains of the finely-pulverised substance add 100 grains of

argol, and 300 of carbonate of soda, and intimately mix ; place the

mixture in a crucible which it about half fills, and cover with a layer

of common salt about inch thick ; submit the crucible to a very

gradually increasing temperature, keeping the heat at low redness for

about a quarter of an hour ; then urging it to bright red until the

contents of the crucible flow freely ; take it from tne fire and shake,

tap it as directed in the copper assay, and either pour the con-

tents into the mould (see p. 98, fig. 195), or allow to cool in the

crucible. If the operator be pressed for time, the mould may be

used, but it is recommended to allow the assay to cool in the crucible,

for unless the operator be very careful, and have had some consider-

able practice, he is very liable to lose a small quantity of metal in the

pouring. After the contents of the mould or crucible, as the case

may be, are cold, the lead may be separated from the slag by

repeated gentle blows from the hammer : if any of the slag or crucible

adhere to the button, the latter may be readily freed from it by

placing the button between the finger and thumb with its edge on

the anvil, and then gently hammering it. The lead will be so

altered in shape under the hammer that the slag or crucible readily

falls off; and by continuing the process, the whole may be removed.

The cleaned button may then be hammered into a cubical form,

and is ready for weighing.

In the assay of lead great care must be taken in the management
of the temperature, as lead is sensibly volatile above a bright red heat,

even when covered with flux, and still more so if any portion be un-

covered from want of sufficient quantity of flux
; neither must the

assay remain in after the flux flows freely, for a loss may thereby
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occur from oxidation, by decomposition of carbonate of soda, as ex-

plained in the reduction of copper ores and the copper-refining

process.

For the rationale of this mode of assay refer to the formula at

p. 81, which explains the decomposition of oxide of lead, with the

production of metallic lead, carbonic acid, and water, by the agency
of a substance, like argol, containing both carbon and hydrogen.

Cupel bottoms, some lead fumes, and siliceous slags, require a

modified treatment in their assay, as the substances mixed with the

oxide of lead (more particularly bone-ash in the cupel bottoms) are

very infusible ; and if the flux already mentioned as applicable to the

other matters belonging to this class were employed, a very high tem-

perature would be necessary ; and as lead, as already stated, is sensibly

volatile above a bright red heat, an evident loss of that metal would

be the result.

Cupel bottoms may be thus assayed : 400 grains of the finely-

pulverised bottoms to be mixed with 200 grains of argol, 400 grains

of carbonate of soda, and 400 grains of pulverised fused borax ; the

mixture placed in a crucible as already directed, covered with salt,

and the fusion conducted as just described.

Lead fumes and siliceous slags require only half their weight of

fused borax, with 200 argol, 400 carbonate of soda, and 400 sub-

stance (fume or slag) covered with salt.

The addition of the borax, which is a most powerful flux, causes

the fusion of the assay to take place almost as readily with the last-

named intractable substances, as with the former easily fusible and

reducible matters. The assay, however, is rather more subject to

ebullition or boiling over the sides of the crucible ; hence it must be

carefully watched, and the instant it appears likely to do so the

crucible must be removed from the fire, gently tapped on the furnace

top, and when the effervescence has subsided returned to the furnace,

and this operation repeated until the fusion proceeds tranquilly.

The lead obtained in these assays, if the ore or substance contained

any foreign metal, is never pure : if silver, copper, tin, or antimony be

present, the whole of either of these metals will be found alloyed

with the lead produced ; but if the ore contains zinc, and it be heated

sufficiently, but a trace remains ; nevertheless the zinc carries off with

it a considerable quantity of lead.

The following experiments will show what an influence the presence

of zinc has upon the return of lead :
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100 parts of litharge,

] 00 parts of oxide of zinc,

300 parts of black flux,

were fused together, and 84 parts of lead were the result.

100 parts of litharge,

100 parts of oxide of zinc,

600 parts of black flux,

were fused together, and but 70 parts of lead were produced, instead

of 90, which the pure litharge ought to have given. Hence it will

be seen that, the more zinc reduced, the more lead is volatilised.

If oxide of iron be present in the assay, it is reduced, but it

remains in suspension in the slag, and the lead does not contain a

trace when it has not been too strongly heated. If the assay be

made at a very high temperature, the iron may be fused, and then

the lead will be ferruginous ; this may be ascertained by means of the

magnet. A similar result was obtained by many assayers, who

thought for a longtime that lead and iron could combine together;

but by careful examination it is easily ascertained that the ferrugi-

nous buttons are but mechanical mixtures of lead and iron in grains.

Indeed, by careful hammering, nearly all the iron may be removed

from the lead, so that it loses its magnetic properties.

The oxides of manganese, when mixed with the ore, are changed
into protoxide, which remains in the flux, and is not reduced.

Humid Assay of Ores of the First Class.

Pulverisethe substance very finely, and to 100 grains placed in aflask

add one ounce of nitric acid diluted with two ounces of water (if minium

be the substance to be analysed, it must be first heated to redness, so

as to reduce the whole of the lead it contains to the state of prot-

oxide), and gently heat, gradually raising the temperature to the

boiling point: when all action seems to have ceased, pour the contents

of the flask into an evaporating basin, and evaporate to dryness with

the precautions directed in the analysis of iron ore. Allow the dry

mass to cool, add a little dilute nitric acid, gently warm for an hour,

then add water, boil, and filter. The whole of the lead now exists in

the solution as nitrate : thus, say carbonate of lead had been the

substance under analysis, then

PbO,C02+N05
=PbO,N05 + C02 .



284 THE ASSAY OF LEAD.

To the filtered solution containing the nitrate as above, add solution

of sulphate of soda, or dilute sulphuric acid, until no further precipi-

tation takes place : insoluble sulphate of lead will now be thrown

down : this must be allowed to completely subside by standing in a

warm place ; and when the supernatant liquid is quite bright the sul-

phate may be collected on a filter, washed, dried in the water-bath,

and weighed. It contains 68*28 per cent, of metallic lead.

The decomposition of the nitrate of lead by sulphate of soda may
be thus expressed

PbO,N06 + NaO,S03
=PbO,S03 + NaO,N05 .

Determination of lead by standard solution will be described at

the end of this chapter.

Class 2nd comprises the following minerals and substances :

Sulphuret of lead (galena),

antimonial,

cupriferous,

argentiferous,

fused,

Seleniuret of lead.

Sulpha-ret of Lead, Galena (PbS). This, is the most common

ore of lead, and is that from which nearly all the lead of commerce is

procured. It is brittle, has a metallic lustre, and the colour of freshly-

cut lead, or rather brighter ;
it crystallises in the cubical system as

cubes, octahedrons, and dodecahedrons. The following are some of

its forms (see figs. 234, 235, 236) :

FIG. 234. FIG. 235. FIG. 236.

It also occurs in the granular or compact form. The grain in

this variety varies in size from that of the worst iron to that of fine

steel : hence the name this latter kind of ore has acquired,
"

steel

grained ore."

Sulphuret of lead contains nearly always a certain quantity of
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silver. This association is so intimate and so constant, that it is a

matter of extreme difficulty to obtain lead perfectly silver-free. The

quantity of the latter metal is usually so great that it may be pro-

fitably separated. This, however, will be fully entered into under the

head Silver Assav.
if

Composition :

Lead . ... .

i:Wi ,
:

. ^ 80-67

Sulphur . . r .4,. .; }

'^ 13'33

300-00

Sulphuret of Lead, Antimonial (3PbS,2(Sb2S3). This is the

formula of Jamesonite ; but, like all the mineral double sulphurets,

the admixtures of each occur in every variety of quantity. These

minerals, more especially when they contain much antimony, have a

striated appearance like sulphuret of antimony alone, but less fibrous.

The Cupriferous Sulphurets of Lead have already been de-

scribed in the list of copper minerals, page 268. For the argenti-

ferous sulphurets, refer to Silver Assay.

Fused Sulphurets of Lead from the Smelting-house. These

are combinations of various sulphurets at the minimum of sulphurisa-

tion (see Assay for Eegulus, Copper Assay, page 261) with variable

quantities of sulphuret of lead ; their analyses will not, therefore, be

reproduced.

Seleniuret of Lead. This is a very rare mineral, and is not

usually met with in the assay office : it will not, therefore, be de-

scribed.

Assay of Ores of the Second Class,

In the assay of ores of the first class, oxygen was the substance to

be removed, so that the lead might assume its metallic state. In

this case it is sulphur ; and it will be as well to pass in review the

action of various re-agents on sulphuret of lead, in order that the

student may better appreciate the rationale of the assay of ores of

this class.

Action of Oxygen. If galena be roasted at a very gentle tem-

perature, care being taken to avoid fusion, it will be converted into

a mixture of oxide of lead and sulphate of lead, with evolution of

sulphurous acid, thus :

2(PbS) + 70=PbO + PbO,S03+ SO2 .
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Action of Metallic Iron. This metal completely and readily

decomposes sulphuret of lead, giving metallic lead in a pure state,

thus:

On the one side we have sulphuret of lead and metallic iron, on the

other metallic lead and sulphuret of iron.

The Alkalies and Alkaline Carbonates decompose sulphuret of

lead, but only partially ; pure lead is separated, and at the same time

a very fusible grey slag is formed, which contains an alkaline sul-

phate, and a compound of sulphuret of lead and an alkaline sulphuret.

A certain proportion of the alkali is reduced by the sulphur, which

is converted into sulphuric acid, so that no oxide of lead is produced.

This re-action may be thus expressed :

7 (PbS) + 4 (KO) =4Pb + KO,S03 + 3 (PbS,KS) .

Nitrate of Potash completely decomposes sulphuret of lead, with

the reduction of metallic lead and formation of sulphate of potash

and sulphurous acid, thus :

2 (PbS) + KO,N05
= 2Pb+ KO,S03 + S02 + N.

If the nitre be in excess, the lead will be oxidised in proportion to

the excess present, and if there be a sufficiency added, no metallic

lead at all will be produced.

Argol. The presence of carbonaceous matter much favours the

decomposition of galena, by determining the reduction of a larger

quantity of potassium to the metallic state, and thereby the forma-

tion of a larger quantity of alkaline sulphuret. With 4 parts of

argol to 1 part of sulphuret, 80 parts of lead are reduced. If the

reaction were complete, the decomposition would be as follows :

For the reactions of oxide of lead (litharge) and the sulphate of

lead on sulphuret of lead, see pages 138 and 139.

From the reactions above given, it will be seen that there are

many substances capable of completely reducing the lead from its

sulphuret, and yet few can be used safely with any advantage, as so

to use them would imply a knowledge of how much sulphur and

lead were in the ore to be assayed, in order to tell the precise quan-

tity of either of the reagents required; for it is evident that if

either more or less of some were added, a faulty result would be the

consequence : so that some systematic mode of assay, which may be

suitable for all classes of galena, whether mixed with other sulphu-
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rets or with gangue, may be contrived. To facilitate this we now pro-
ceed to give an outline of the processes generally adopted in the

assay of lead ores by various persons. The ores to be assayed may
be fused :

Firstly, with black flux after roasting.

Secondly, without roasting, with black flux, carbonate of soda, or

argol.

Thirdly, with metallic iron.

Fourthly, with carbonate of soda, or black flux, and iron.

Fifthly, with black flux, oxide of iron, or oxide of zinc.

Sixthly, with black flux, protosulphuret of iron, or sulphuret of

zinc.

Seventhly, and lastly, with a mixture of carbonate of soda and

nitre.

1st Process. Roasting and black flux. This method is the

oldest, and was for a length of time exclusively employed. It is the

longest, most troublesome, and least exact of all the known methods.

The sulphuret, reduced to powder, is roasted by heating in a cur-

rent of air, and continual stirring with an iron rod. The operation

is difficult, because the sulphuret and oxide of lead being very fusible,

the requisite degree of heat cannot be at all exceeded without the

substance softening and agglomerating into small clots, the roasting

of which is very tedious and difficult. When the galena is roasted

as completely as possible, it is mixed with from two to three times

its weight of black flux, and gives only from 66 to 69 per cent, of

lead when the galena is pure.

%d Process. Fusion with an alkalineflux without roasting.

In this process the sulphuret is fused with from 3 to 4 parts of car-

bonate of soda or potash. The crucible it is made in must always be

left uncovered. It is slowly and gradually heated until the sub-

stance becomes perfectly liquid ; the crucible is then to be removed,

and allowed to cool; on being broken it will afford, from pure

galena, as much as from 75 to even 80 per cent, of lead. One-tenth

is always allowed for loss in the assays made in the Hartz.

Instead of an alkaline carbonate, black flux or argol may be

employed in the same proportions. When the latter flux is used,

the operation is longer, but the produce is a little greater.

3d Process. Fusion with metallic iron. Schlutter and many
of the older assayers were aware that iron would desulphurise galena,

and ever after advised the addition of a certain quantity of that metal

to the different fluxes, which they used in lead assays ; but it was at
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the Practical School of Mines, at Montiers, that iron was first em-

ployed alone.

The process is extremely convenient and easy of execution ;
it

always succeeds, and requires no troublesome attention. The fusion

takes place quietly, without frothing or bubbling ; and as the whole

substance employed requires but little space, very small pots may be

employed, or a very large quantity assayed. But this process can

only be employed for pure galenas, or those which contain at most a

few per cent, of gangue.

When galena is heated with iron, the metal is transformed into

protosulphuret, from whence it follows, that to desulphurise galena

2*6 per cent, is required; but experience has shown that it is better

to employ a little more, and 30 per cent, can be used without in-

convenience. The iron employed ought to be in the state of filings,

or wire cut very small. The mixture is placed in a crucible, which

is three-fourths filled ;
the whole is covered with a layer of salt, car-

bonate of soda, or black flux, and exposed to a full red heat. After

the flux is perfectly fused, the pot may be cooled and broken, and a

button is obtained, which at first sight has a homogeneous aspect,

but on being struck with the hammer separates into two distinct

parts. The lower part is ductile lead
;
the upper a very brittle matt,

of a deep bronze colour, and slightly magnetic. Pure galena yields,

by this process, 72 to 79 per cent, of lead, so that there is a consi-

derable loss, which loss is entirely due to volatilisation. Berthier

says that it does not appear possible to avoid this loss, which amounts

from 6 to 13 per cent., giving as a reason that it is probable galena

begins to sublime before it arrives at the proper heat for decompo-

sition.

Antimonial galenas, or galenas mixed with iron pyrites, may be

assayed in the same manner j but then a sufiiciency of iron must be

added to reduce the antimony to the metallic state, as well as to

reduce the iron pyrites to the minimum of sulphuration. If the

galena be mixed with blende, the greater portion remains in the slag,

because it is only decomposed by iron at a very high temperature.

Blende being infusible by itself, much diminishes the fusibility of the

matts produced ; and if it exists in very large quantity, it can even

hinder their full fusion ;
in which case, some protosulphuret of iron

and metallic iron must be added to the assay, to make the slag

more fusible.

All minerals are at a minimum of sulphuration, when existing in

matts from metallurgical works ; so, much less iron may be used in
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their assay than if they were pure ores. In very rich lead matts, in

which the lead exists as subsulphuret, from 10 to 12 per cent, is

sufficient, A small excess of iron may be employed without incon-

venience ; but if a larger proportion be added than is necessary to

execute the desulphuration, the matt contains a large quantity in the

metallic state, and loses its liquidity, and in consequence retains

some globules of lead.

The usual mode of assaying lead ores (galena) in the lead mills is

by a modification of this process : in lieu of placing the ore in an

earthen crucible, and adding nails or filings, a given weight of the

ore is projected into a red-hot wrought-iron crucible, which is kept

in the fire for about a quarter of an hour, or until all the galena

seems decomposed. The lead thus reduced is poured into a mould ;

and if the scoriaceous matter be not well fused, the iron crucible is

returned to the fire and heated still more strongly, and any lead that

may be separated is poured into the mould and weighed with the

rest. This is a very rude and imperfect process, and gives only

tolerable results with pure galenas, but is perfectly unsatisfactory

with those containing much earthy matter, as not above half the lead

is obtained, owing to volatilization and exposure to the air, and the

loss of globules in the slag. This process, succeeds much better

when a flux is added : this may be argol, or carbonate of soda, or a

mixture of both (see next process) .

4/A Process. Fusion with carbonate of soda, or black flux,

and metallic iron. When galena is heated with an alkaline flux,

out of contact of air, the slag contains a double sulphuret of lead and

the alkaline metal employed: if iron be thrown into this fused

mixture, metallic lead separates, and the iron combines with the

sulphur formerly combined with the lead, and the slag will contain a

double alkaline sulphuret, containing sulphuret of iron instead of

sulphuret of lead, thus :

Any earthy substances the ore may contain will be dissolved by
the alkaline flux, without very much impairing its fluidity. All

these facts being considered, it may be readily seen that the assay of

all earthy bodies containing sulphuret of lead may be made in this

manner, with as much accuracy as this method of assay can be ca-

pable of. Either carbonate of soda or black flux may be employed
as the alkaline re-agent, and more of either of those substances must

be employed, in proportion to the increased quantity of earthy mat-
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ters the ore contains. Two parts are nearly always more than suffi-

cient for poor ores, and is best for all cases, because an excess of

flux does not diminish the yield of lead ; nevertheless, it is some-

times convenient to employ, for the latter class, but half a part. As

to the iron, it is employed only to separate that part of the lead

which has been dissolved in the state of sulphuret by the alkali, but

not decomposed ; so that much less may be employed than is neces-

sary for the decomposition of the whole amount.

Experiment has shown that the maximum amount of lead from

pure galena may be obtained by the use of the following mixtures :

2 parts of black flux, or carbonate of soda, and 10 to 12 per cent,

of iron.

1 part of black flux, or carbonate of soda, and 20 per cent, of

iron.

J a part of black flux, or carbonate of soda, and from 25 to 30

per cent, of iron.

When black flux is employed, and the iron is in the state of

filings, it would be inconvenient to employ too much of the latter,

especially if the assay were heated very strongly, because the button

of lead might be contaminated with iron
;
but when carbonate of

soda is used with small iron nails instead of filings, the excess of iron

is not inconvenient, but rather useful, because the desulphuration is

certain to be complete.

The following changes take place in both cases. That portion of

iron filings mixed with the carbonate of soda which has not been

sulphuretted, is reduced to the state of oxide by the carbonic acid of

the alkaline carbonate, and remains combined or suspended in the

slag ; so that the proportion of iron is never too great, and never

becomes mixed with the lead. "When black flux is employed, the

same oxidation does not take place, on account of the presence of

carbonaceous matter, so that the portion of filings not combined with

sulphur, and which is merely held in suspension in the flux, passes

through it with the globules of lead to the bottom of the crucible ;

but if, instead of filings, small nails are employed, they only suffer

corrosion at their surface, without change of form or softening, and

after the assay are found fixed in the surface of the button of lead,

so that they can be detached very readily, and without loss of lead.*

This, however, I have found no easy task, and have always sustained

a notable loss.

* Berthier.
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5tk Process. Fusion with black flux, or carbonate of soda,

and oxide of iron or zinc, Oxide of iron and oxide of zinc

being readily reducible by charcoal, it might be surmised that a mix-

ture of either of these oxides and black flux would be equivalent in

effect to metallic iron or zinc, and carbonate of potash, and conse-

quently would answer the same purpose.

When we fuse together

100 parts of pure galena,

100 to 200 parts of carbonate of soda,

3 parts of iron scales, in powder,

| part of charcoal,

76 parts of lead were obtained, and a very fluid slag, which retained

no metallic globules.

Oxide of zinc produces the same desulphuration ; but too much

must not be employed, because, if much zinc be volatilized, much

lead will be lost. It is also necessary to add 2 parts of black flux,

as the sulphuret of zinc formed is not very fusible.

1 00 parts of pure galena,

00 parts of black flux,

3 parts of oxide of zinc,

gave, in one experiment, 78 of lead and a very fusible flux.

Oxide of iron and oxide of zinc may be employed with carbonate

of soda alone, without the mixture of charcoal. It appears that the

presence of an alkali determines an action which would not otherwise

take place, between the oxides and galena.

Pure galena affords, with 1 part of carbonate of soda and from 1 to

3 per cent, of iron scales, 73 to 74 of lead. With 1 part of car-

bonate of soda and 10 per cent, of oxide of zinc, 77 of lead are

obtained.

The same result is obtained by means of peroxide of manganese.
th Process. Fusion with black flux and protosulphuret of

iron, or sulphuret of zinc. Sulphuret of iron and zinc are par-

tially decomposed by the alkaline carbonates, so that a portion of

iron or zinc is set free, which forms a compound of an alkaline sul-

phuret and sulphuret of iron or zinc, as the case may be. That portion

of metal set free is oxidized by the carbonic acid of the alkaline carbo-

nate when there is no charcoal, but remains in the metallic state when

a reducing agent is present ; but in either case it reacts on the sul-

phuret of lead, and sets lead in 'the metallic state at liberty. If there
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be an excess of metallic iron, oxide of iron, or oxide of zinc, they

will remain suspended in the flux, as they are in a state of extreme

division, and do not mix with the lead ;
if there be an excess of

metallic zinc, it volatilizes. The following is the result of an experi-

ment conducted on this principle :

100 parts of pure galena,

100 parts of black flux,

5 parts of artificial protosulphuret of iron,

gave very readily 77 to 78 parts of lead. The fusion took place

without bubbling or boiling, and the slag was compact, slightly

crystalline, and of a metallic black appearance.

The same proportion of lead was obtained by the substitution of

blende for protosulphuret of iron ; but when only 1 part of black

flux is employed, the slag is pasty, and may contain globules of lead.

The proportion of flux must be doubled to avoid this.

These experiments show that it is altogether superfluous to employ

iron in the assay of matts from metallurgical works which contain

much sulphuret of iron or sulphuret of zinc ; because by fusion with

1 or 2 parts of black flux, nearly all the lead they contain may be

extracted. Iron must, however, be employed, if perfect accuracy be

requisite, as I shall hereafter show. Berthier further says :
" It

shows also, that in order to assay a galena containing much blende,

that it need only be fused with 2 parts of black flux."j

The same course of procedure does not succeed, however, with

galena mixed with much iron pyrites, because the latter forms with

alkalies a large quantity of an alkaline sulphuret, which not only

holds in combination all the sulphuret of iron reduced to a minimum,

but a considerable portion of sulphuret of lead also
-,

so that but

very little metallic lead is obtained ;
for instance,

100 parts of galena,

100 parts of black flux,

5 parts of natural pyrites,

produced but 38 of lead. When pyrites is present, it is necessary to

employ metallic iron in the assay ; the proportion of which ought to

vary with that of the pyrites, and ought to be at least sufficient to

reduce the latter to the state of protosulphuret.

1th Process. Fusion with a mixture of carbonate of soda

and nitre. When nitre is made to act upon galena, all its sulphur

is transformed into sulphuric acid before the lead is oxidised ; and,
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in consequence, if a suitable proportion be employed, it may be used

in the desulpliuration of plumbiferous matters. In order to avoid

the losses which might be occasioned by deflagration, the ore must

be mixed with twice its weight of carbonate of soda; and to- extract

from the galena the largest possible proportion of lead, from thirty to

forty per cent, of nitre must be employed.

This mode of assay is not useful for the estimation of the true

quantity of lead, because it gives variable results
;
and were these

results constant it would not be available, because in each assay the

quantity of nitre employed would have to be guessed.

But it is, on the contrary, an excellent process, and one much to

be recommended for the assay of the sulphurets of lead, when only

the silver they may contain is to be estimated. The fusion takes

place easily, speedily, and without bubbling. The slag is very fluid,

and retains no globules. The proportion of nitre ought to be so

managed, that the greatest possible proportion of lead be obtained ;

but it is especially essential that sufficient be added to destroy all

the sulphuret in the slag, which otherwise would retain a notable

proportion of silver. There is no inconvenience, however, in the

estimation of the silver, by placing an excess of nitre with the mix-

ture : less lead would be obtained, but it would be more pure, and

always contain all the silver present in the galena.

Such is an outline of the processes which may be employed in the

assay of ordinary lead ores containing that metal in a state of sul-

phuret.

Pure galena, as seen by the analysis at page 285, contains

86' 6 7 parts of lead, and by the mode of assay to be described at

least 85 can be obtained.

The assay is thus conducted : To 200 grains of the galena so

pulverised that it will pass through the sieve of forty holes to the

linear inch, add 50 grains of argol, and 200 grains of carbonate of

soda, mix the whole well together and place the mixture in a crucible

the interior of which has been smeared with black-lead (that em-

ployed for household purposes answers admirably), then at each

angle of the crucible introduce a common tenpenny-nail head down-

wards, tap the crucible on the mixing-bench so that the contents shall

occupy as little space as may be, cover with about 200 grains of salt,

and over that 200 grains of ordinary borax in crystal : two crucibles

should be thus prepared. When ready place them in the furnace

with the precautions already described, raise the heat rapidly to

nearly a bright red, then remove the cover of the furnace and
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allow the crucibles to remain for about eight or ten minntes
; again

cover the furnace and raise to a bright red, and the crucibles will be

ready for removal. Beside the time occupied the term of the assay

can be judged by the flux flowing smoothly. When this occurs,

seize one of the crucibles with the large tongs, and with a smaller

and light pair take hold of one of the nails, well wash and rinse it in

the molten flux to remove any small globules of lead that may be ad-

hering to it, and when clean reject it. The two other nails are now

to be treated in the same manner, and the crucible tapped on the

furnace top to collect all globules, and set aside to cool. The nails

are removed with the like precautions from the other crucible.

When both are cold, they are broken, the buttons hammered from the

flux as in the assay of ores of the first class, and weighed ; they

should correspond within
-J

of a grain.

If the ore be mixed with much gangue or stony matter, 50 grains

of lime may be advantageously added to the flux.

It may be here mentioned that, if blende in any quantity co-exists

in the assay with the galena, no argol must be added, as a loss of lead

will thereby ensue.

Several objections have been urged against this process, but

unnecessarily, for if the directions given be accurately followed, the

result will be as stated
; cases of failure are alone traceable to imperfect

manipulation.

Argentiferous galenas are treated by the mode of assay just given ;

as also are the seleniurets of lead or their admixtures with galena.

The Assay of Galenas containing Antimony. Sulphuret of

lead is often combined with sulphuret of antimony, and the mixture

behaves in the manner presently to be described. Either pure lead,

or lead containing the largest possible quantity of antimony, can

be extracted at will.

In order to extract pure lead the ore must be fused with three or four

parts of carbonate of soda ; then all the antimony remains in the

slag partly as sulphuret and partly as oxide : and it is owing to the

presence of antimony that the slag will retain no lead. If black

flux be substituted for carbonate of soda, the lead obtained contains

much antimony, because then that metal cannot remain as oxide in

the slag. But in order to separate from the substance assayed the

greatest possible proportion of antimony with the lead, it is necessary

to have recourse to the aid of metallic iron. It may be employed
either alone or mixed with black flux ; in either case the proportion

must be exactly determined by repeated guessing. If not enough
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be added, antimony remains in the slag; if too much, an antimo-

niuret of iron is formed, which separates tolerably well in matt, but

is partly absorbed by the slag.

The following experiments were made by Berthier on a substance

having the following compositions :

Lead . . . t. :;, . 49-8

Antimony . *< -,.' . . 31*0

Sulphur . ...... v .": . , .-..." . 19-2

100-0

100 parts of the above compound, which is a double sulphuret of

antimony and lead, and

400 of carbonate of soda, gave 48 of pure lead.

100 of the double sulphuret, and

200 of black flux, gave 57 of a semi-ductile lead, which contained

at least 7 per cent, of antimony.

100 of the double sulphuret, and

200 of black flux, and

1 metallic iron, gave 60 of a very brittle lead.

100 of the double sulphuret,

33 of metallic iron, gave an alloy of lead and antimony weighing
75. The desulphuration was complete in this experiment. The loss

is due to volatilization. The whole of the lead and antimony may,

however, be obtained by fusion with equal weights of cyanide of

potassium and carbonate of soda.

Both the lead and antimony can be extracted from an antimonial

sulphuret, by roasting and then fusing with two parts of black flux ;

but this operation is unfortunately tedious, owing to the length of

the roasting.

Lastly, by fusing an antimonial sulphuret with carbonate of soda

and a suitable proportion of nitre, all the lead can be separated

in a state of purity ;
in this case the antimony is converted into

antimonic acid, and the sulphur into sulphuric acid ; both of which

are found in the slag. When the substance assayed contains silver,

that substance alloys wholly with the lead, and none remains in the

slag; but when the latter contains sulphuret of antimony, a con-

siderable proportion is retained. On this account this process is

preferable to all others.

Humid Assay of Ores of the Second Class.

Pulverise the ore very finely, weigh off 100 grains, place them in

a flask and add about 1 ounce of the strongest nitric acid, heat on a
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sand bath, and evaporate to dryness ; when the mass is cold, boil it

with a concentrated solution of carbonate of soda, filter, and thorougly

well wash the white mass in the filter ; dissolve it in dilute acetic acid.

If necessary, filter the solution, then add excess of dilute sulphuric

acid, or solution of sulphate of soda, as in the precipitation of sul-

phate of lead under the head " Humid Assay of Ores of First

Class ;" and the precipitate so obtained must be treated as there

directed. The rationale of the process is as follows : Strong nitric

acid attacks sulphuret of lead, oxidising both the lead and the sul-

phur, forming sulphate of lead, thus,

PbS+ 2(N0 5) =PbO,S03 + 2N03 .

The sulphate of lead so formed is separated from the excess of

nitric acid by evaporation to dryness. The sulphate of lead so ob-

tained is, however, always mixed with a little nitrate of lead (the

decomposition not being practically so perfect as expressed) and the

earthy matter, &c., that the sample contained. It is now necessary

to separate these, the object being to obtain all the lead in solution,

and the impurities in the insoluble form. To this end the sulphate

of lead is converted into carbonate by boiling with solution of car-

bonate of soda, thus,

PbO,S03 +NaO,C02=PbO,C02+NaO,S03 .

The carbonate of lead thus obtained is (after thorough washing to

remove sulphate of soda and excess of carbonate of soda) dissolved in

acetic acid with the formation of acetate of lead and evolution of car-

bonic acid.

This reaction is the same as that given at p. 283, substituting

acetic for nitric acid, and the subsequent precipitation of sulphate is

given at p. 286.

Class 3rd. The following substances belong to this class :

Sulphate of lead (native) .

(artificial).

Sulphate-carbonate of lead.

Eoasted galena and matts.

Lead fume containing sulphur.

arsenic.

slags sulphur.

arsenic.

Chloro-arseniate of lead.

Chloro-phosphate of lead.
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Sulphate of Lead, native (PbO,S03). This mineral is rather

rare, and in outward appearance may be readily confounded with

the carbonate. Its lustre, however, is rather brighter, and it has not

that peculiar greasy appearance which characterises carbonate of lead.

It often occurs in small octahedral crystals surcharged with facets,

but more generally in laminar masses.

The following is an analysis of a specimen from Zillerfeld :

Protoxide of lead . .'
j

V,
;

V
|

'V 72'46

Sulphuric acid .

'

.'

.

'

. '''.-
,

26'09

Water .

**
.

''

[
^ ... '12

Oxide of iron
'

T' .

"

"v"
"

!

"I"'
1

.''".^ "08

Oxide of manganese, and traces of alumina '06

Silica . .

:

/ V :V '?*. '50

99-30

Sulphate of Leadj artificial. This is a waste product of calico-

printers, and is formed in considerable quantity, as already described,

in calcining galena.

Sulphato-cartonate of Lead (3PbO,C02+ PbO,S03). This is

also a rare mineral ;
it occurs in greenish, yellowish, and brownish

crystals the rhombohedron predominates.

Composition :

Sulphate of lead , V ~
v '

. * 27'5

Carbonate of lead . . <Vi. . 72'5

100-0

Roasted Galena, Lead Fumes and Slags. These substances

have varying compositions, but are generally made up of sulphurets,

sulphates, and arseniates of lead.

Chloro-arseniate of Lead and Chloro-phosphate of Lead are

so rare that they will not be specially described. The mode of assay

to be hereafter described is suitable for such compounds.

Assay of Substances of the Third Class.

In the assay of bodies belonging to this class, a reducing agent
must be employed ;

but if that be alone used, the sulphates and

arseniates produce sulphurets and arseniurets, and not pure lead.

The action of another re-agent is therefore necessary, in order to

deprive the lead of sulphur and arsenic with which it is combined.
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There are two reagents known for the sulphates, they are the

alkaline carbonates or metallic iron ; but for the arseniates and

arsenites iron must be employed, because the alkaline carbonates

have no action on the arseniurets.

In all cases black flux is employed : this furnishes a reducing

agent for the oxides, and a flux for the earthy matters. Iron is

added when the arsenites or arseniates are assayed ; but that metal

may either be employed or not, when the sulphates are operated upon.

(It is always better to use it.)

When a mixture of black flux and iron is employed, the assay is

made in exactly the same manner as that of the sulphurets (large

nails, as recommended in my method of assay, are preferable when-

ever the use of iron is indicated in a lead assay). With the sul-

phate, the sulphuret of iron formed combines in the sing with the

alkaline sulphuret ; but it is not so with the arseniates and arsenites.

The arseniuret produced mixes neither with the lead nor the slag,

but gives rise to the formation of a brittle matter which adheres

slightly to the button of lead.

When only black flux is employed, either of the two following

processes may be adopted : First, the ore can be fused with four

parts of common black flux ; then, as in the case of sulphuret,

the excess of carbon determines the formation of a large quantity

of an alkaline sulphuret; and consequently produces a desulphu-

ration of the lead. Secondly, it may be fused with such a propor-

tion of black flux, containing only the requisite proportion of carbon

to reduce the oxide of lead, or with an equivalent mixture of car-

bonate of soda and charcoal. Pure sulphate of lead fused with one

part of carbonate of soda and four per cent, of charcoal gives 66

of lead ;
but in order to employ this method the richness of the

ore must be known, and the dry way is then useless, excepting

for the estimation of the silver these substances always contain.

Humid Assay of Substances of the Third Class. These are

treated in precisely the same manner as those of the preceding class.

Determination of Lead by means of Standard Solutions.

This process is due to M. Mores Dumonte, and may be thus

described : This mode of analysis is analogous to that proposed

by Pelouze for the determination of copper, and advantage is taken

of the fact that oxide of lead is soluble in caustic potash in the

same manner that oxide of copper is soluble in ammonia; and

from either solution the respective metal is precipitated by means of

a standard solution of sulphuret of sodinm.
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The solution of sulphuret of sodium may be conveniently made

by dissolving one ounce of sulphuret of sodium in one quart of

water, and determining how much of it is necessary to precipitate

twenty grains of lead. To this end weigh off twenty grains of

lead, dissolve them in nitric acid, dilute with water, add excess of

caustic potash until the oxide of lead first thrown down is com-

pletely dissolved. The solution must now be heated to ebullition,

and the sulphuret of sodium gradually added from the burette :

at each addition a black precipitate of sulphuret of lead falls.

The liquid is then boiled for a short time, by which means it

brightens ; more sulphuret of sodium is then added, and the

whole again boiled, and these operations alternately continued

until no further coloration or blackening is produced by the last drop

of sulphuret. The number of divisions used is then read off, and

the calculation made as at page 274 for copper.

Having thus standardised the solution of sulphuret of sodium,

the assay of a sample of ore may be thus made : If the ore

belong to the first class, dissolve in dilute nitric acid and evapo-

rate to dryness ; to the dry mass add excess of caustic potash solution,

and boil ; after about, a quarter of an hour's ebullition, filter, and

throw down the lead as directed with the standard solution : from

the amount used calculate the quantity of lead present ; if the ore be

of the second or third class, treat with strong nitric acid and carbo-

nate of soda as already directed. The carbonate of lead so produced

may be dissolved in either nitric or acetic acid, and to the solution

thus obtained add caustic potash, &c.

CHAPTEE II.

THE ASSAY OF TIN.

THIS metal is always found by the assayer in the state of oxide.

Oxide of Tin (Sn02) . The appearance of this mineral gives no

indication, excepting to an experienced eye, that metallic matter

enters largely into its composition ; yet its great density would lead

one to suppose such to be the case. Its colour varies from limpid

yellowish white to brownish black and opaque, passing from one to

the other by all intermediate shades. It usually possesses a peculiar

kind of lustre which cannot be readily described, but once seen can

scarcely be mistaken. It occurs crystallised in square prisms, termi-

nated by more or less complicated pyramids. These crystals,
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derived from the octahedron, are often macled or hemitropic (see

p. 47-8), so that they often possess re-entrant angles, which is to

a certain extent characteristic. The principal varieties are the

following :

Istly. Crystallised Oxide of Tin is found in more or less

voluminous crystals of the colour and form as above.

2ndly. Disseminated Oxide of Tin. This variety occurs in

grains of various sizes, sometimes so small as not to be visible to the

naked eye. It is found in the primitive rocks.

3rdly. Sandy Oxide of Tin forms pulverulent masses often of

great extent
; in appearance it is merely a brown sand.

4thly. Concretionary Oxide of Tin, Wood Tin. This variety

occurs in small mamellated masses, the fibrous texture of which

resembles that of wood : hence the name.

The following is an analysis of a sample of oxide of tin from

Cornwall :

Tin . . .... 77-50

Oxygen . . .\i 21'50

Iron . . . . . . '25

Silica -75

100-00

Assay of Pure Oxide of Tin. Pure oxide of tin may be very

readily assayed in the following manner : Weigh off 400 grains,

place in either a black-lead or charcoal-lined crucible, cement on a

cover by means of Stourbridge clay, and subject to the fire. The

heat should for the first quarter of an hour be a dull red, after

which it may be raised to a full bright red for ten minutes, and the

crucible removed with care so as not to agitate or disturb the con-

tents : tapping in this case must not be resorted to. When the

crucible is cold, remove the cover, and a button of pure tin will

result : this weighed and divided by four gives the per centage. If

the operation has not been carefully conducted, it sometimes happens

the tin is not in one button, but disseminated in globules either on

the charcoal lining or on the sides of the black-lead pot ; in this

case the charcoal on the one hand, or the black-lead crucible on the

other, must be pulverised in the mortar and passed through a sieve
;

the flattened particles of tin will be retained by the sieve, and can

be collected and weighed. If any small particles escape the sieve

they may be separated from the lining or crucible by vanning as

described at page 64 et seq.
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If a charcoal or black-lead crucible be not at hand, an ordinary

clay pot may be used, but not so successfully, excepting under certain

circumstances to be hereafter described. Indeed, in Cornwall the

ordinary mode of conducting this assay is in a naked crucible, thus :

About 2 ounces of the ore are mixed with a small quantity of culm,

and projected into a red-hot crucible. If the ore seems to fuse or

work sluggishly, a little fluor spar is added, and after about a

quarter of an hour's fusing at a good high temperature the reduced

and fused tin is poured into a small ingot mould, and the slag exa-

mined for metal by pounding and vanning. This method never

gives the whole of the metal. To effect this, without fear of mis-

chance in the assay sometimes occurring, as already described with

both black-lead and charcoal lined crucibles, it may be thus con-

ducted ; always supposing the oxide to be pure, or nearly so, or at

least containing little or no siliceous matter.

To 400 grains of ore add 100 grains of argol, 300 grains of car-

bonate of soda, and 50 grains of lime; mix well together, place in a

crucible, which the mixture half fills, cover with a small quantity of

carbonate of soda and 200 grains of borax. Place the whole in the

furnace with the necessary precautions, raise the heat very gently,

and keep it at or below a dull red heat for at least twenty minutes ;

then gradually increase until the whole flows freely. .Remove the

crucible, tap it as for copper assay, and allow to cool. When cold,

break it, and a button of pure metallic tin will be found at the

bottom, and a flux perfectly free from globules, and containing no

tin.

There is yet another process, which is more easy of execution ;

but the reagent employed is more expensive, not so readily obtaina-

ble, and more difficult to keep without decomposing than any of the

substances above employed. The reagent now to be discussed has

been introduced to the notice of the student, in another part of this

volume, as a blowpipe flux, and in the assay of copper ores by stan-

dard solutions as
"
cyanide of potassium." This is the most effective

reducing flux for tin ores yet known. It acts by absorbing oxygen
to form a compound known as cyanate of potash : thus

Sn02+ KCy= Sn+ KO,Cy0.

The assay, by means of this substance, may be made in ten

minutes : thus

To 400 grains of ore add 200 grains of cyanide of potassium and

200 grains of carbonate of soda. Well mix, place in a crucible, sub-
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mit to the furnace ; raise the heat as rapidly as is consistent with

the safety of the crucible, and when the whole contents have been in

a state of fusion for about five minutes, the assay is complete. The

crucible may be removed, the proper precautions taken to ensure the

subsidence of any globules of tin which may either be floating in the

flux or adhering to the sides of the crucible, and the whole allowed

to cool. When cold, the crucible is to be broken as usual.

Assay of Oxide of Tin admixed with Silica. Although oxide

of tin is completely reducible by charcoal or other carbonaceous

matter, yet it has such an affinity for silica, that whenever that sub-

stance is present, the metal cannot be wholly reduced, excepting at

the highest temperature of a wind furnace. The following experi-

ments will shew the influence of silica on the return of tin in an

assay of oxide of that metal with black flux :

Ore 100 100 100 100 100

Quartz 25 66 100 150 300

The first gave 52 per cent, of tin ; the second, 43 per cent. ; the

third, 28 per cent.; the fourth, 10 per cent.; and the last nothing.

The slags also produced in the treatment of tin ores in the large

way give no return with black flux. This mode of assay, however,

has been recommended by some, but, from the foregone experiments,

is proved to be perfectly fallacious ;
that is, unless the quantity of

silica present be very small in comparison to the amount of oxide of

tin ; and even when the latter is present in four times the quantity

of the silica, as in experiment No. 1, a loss of 20 per cent, of tin is

sustained.

Assay of Tin Ores containing Silica and Tin Slags. It

having just been shown how injuriously the presence of silica in-

fluences the produce of tin, both in ores and slags, other methods of

assay than those just described must be adopted for such substances.

These will be now detailed.

Tin ores containing silica may be treated by two methods : in the

first the silica must be carefully separated by vanning ; if the ore be

well pulverised this is the best and most expeditious method. In

conducting this assay take 400 or more grains of the pulverised ore

according to its richness (if poor, as much as 2000 grains may be

taken) ,
van in carefully, dry the enriched product, which will, if the

operation has been properly conducted, be nearly pure oxide of tin,

and assay it as already described for ores containing no silica. The

other process of assay may be thus conducted, and is dependent upon
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the fact that iron displaces tin in its combination with silica : thus,

if a compound of oxide of tin and silica be heated to whiteness with

metallic iron, a portion of the iron oxidises and replaces the oxide

of tin, which was previously in combination with the silica as a

silicate of tin, and metallic tin and silicate of iron result, the tin

so reduced combining with any metallic iron that may be in excess,

and the button thus obtained is an alloy of tin and iron, whilst the slag

is entirely deprived of tin.

In this kind of assay mix 400 grains of the silicated oxide of tin

with 200 grains of oxide of iron (either pulverised hsematite or forge-

scales will answer this purpose), 100 grains of pounded fluor spar,

and 100 grains of charcoal powder; place the mixture in a crucible,

and cover with a lid, gradually heat to dull redness, and keep at that

temperature for half an hour, then heat to whiteness for another half

hour, and remove the crucible from the furnace, allow to cool, and

break. The button so obtained is to be treated in the humid way, as

hereafter described.

The assay of tin slags is conducted in the same manner, or simply by

mixing the pulverised slag with 20 per cent, of iron filings, and fusing.

Assay of Tin Ores containing Arsenic, Sulphur, and Tung-
sten

( Wolfram). In the assay of such ores it is necessary to remove

arsenic, sulphur, and tungsten, before attempting to obtain the tin in

a pure state by dry assay. Ores of tin which contain either one or all

of these substances are most common : hence this mode of treatment

will be generally required.

Most assayers usually submit the ore to the same mode of treatment

undergoes on the large scale by calcination, or rather roasting,

by which the greater part of the arsenical and pyritic matter is

removed : this process fails, however, to remove the whole of these

substances, and does not at all affect the tung&ten. The following

process, adopted by the author, is therefore preferable, and is founded

on the fact that arsenical and other pyrites, as well as tungstate of

jron (wolfram usually accompanying tin ores), are completely decom-

posed by nitro-hydrochloric acid (aqua regia) at the boiling tem-

perature, the oxide of tin alone not being aifected : Take 400 grains

or more of the impure tin sample, place them in a flask, and add

1 J ounce of hydrochloric acid, and J an ounce of nitric acid, heat

gently for about half an hour, and then boil until the greater part of

the mixed acids have evaporated ; the sulphur and arsenic will

by this time be converted into sulphuric and arsenic acid,

and the wolfram completely decomposed, its iron and manganese
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having become soluble, and its tungstic acid remaining in the insolu-

ble state with the oxide of tin and any silica that may be present.

Allow the flask and contents to cool, add water, allow to settle, and

decant, and so on until the water passes off tasteless. The insoluble

matter in the flask is now oxide of tin, silica, and tungstic acid : to

remove the latter digest for an hour at a very gentle heat with one

ounce of solution of caustic ammonia, with occasional agitation ;
add

water, and van the remainder to separate silica : nothing remains

now but oxide of tin with perhaps a little silica : this is now to

be dried and assayed as directed for ores containing little or no

silica.

If only an approximative assay be needed, it may be accomplished

after this treatment by taking the specific quantity of the remaining

oxide, so that all ores of tin may be thus roughly assayed, it being

premised that the above operation has been so carefully performed

that nothing but oxide of tin and silica remain. The specific gravity

of the thus purified ore is to be taken in the bottle as described at

pp. 203 and 204. All now that is necessary to be known is the

specific gravity of oxide of tin, its per-centage of pure tin, and the

specific gravity of silica, and a simple calculation gives the result.

The following is the formula :

Let a represent the specific gravity of oxide of tin.

b silica.

c the mixture left after

treatment with acid, &c.

w weight of rough oxide of tin or mixture

left after treatment with acid, &c.

x oxide of tin.

y silica.

. a (c b)

Then x w ;

c (a b)

b (a c)

And y = w.

c (a b)

Or in arithmetical form, thus,

1. Prom the specific gravity of the rough oxide of tin (mixture of

oxide of tin and silica) deduct the specific gravity of the silica.

2. Multiply the remainder by the specific gravity of the oxide

of tin.
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8. Multiply the weight of the rough oxide of tin by the last pro-

duct, which will make a second product which may be called P.

4. Erom the specific gravity of oxide of tin deduct the specific

gravity of silica.

5. Multiply the difference by the specific gravity of the rough
oxide of tin.

6. Take this product for a divisor to divide the above product P :

the quotient will be the weight of pure oxide of tin in the rough

oxide, and the quantity of metal can now be readily calculated.

The following is an assay worked out in this manner :

400 grains of the ore are treated with nitro-hydrochloric acid and

ammonia as above described, washed and dried. Suppose the dried

matter weighed 250 grains. The 250 grains thus obtained are

placed in the specific gravity bottle, and the specific gravity is found to

be 5-4.

Specific gravity of tin oxide (approximate) . . 6*9

silica .. . 2-6

Sp. Gr. Bough Oxide. Sp. Gr. Silica.

5-4 2-6 = 2-8

Sp. Gr. Pure Oxide.

2.8 x 6-9 = 1932

Weight of Bough Oxide. P

250 x 19-32 = 4830

Sp. Gr. Pure Oxide. Sp. Gr. Silica.

6-9 2-6 = 43

Sp. Gr. Bough Oxide.

4-3 x 5.4 = 23-22

4830
= 208-4

23-22

208'4 grains is therefore the weight of pure oxide in the 400 grains

of ore.

Now oxide of tin contains 78*61 parts of pure tin, and a

208-4x78-61
= 163-72

100

x
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So that 400 grains of rough tin ore contain 163'72 grains of pure

tin, and

163-72

= 40-93

4

The rough sample first operated on contains, therefore, 40 93

per cent, of metallic tin.

Estimation of Tin by the Humid Method. There are several

methods of effecting this analysis, the chief difficulty being found in

the intractable nature of the oxide of tin, it resisting the action of all

acids. This, however, may be overcome as first shewn by Klaproth,

who found that very finely levigated oxide of tin was soluble in

hydrochloric acid after a prolonged fusion with caustic potash : the

following is his process :

50 grains of the tin ore, reduced to the most minute state of

division by levigation or otherwise, is mixed with four times its weight

of caustic potash. The best mode of mixing is to place the caustic

potash in a silver crucible, add its own weight of water, and apply

a gentle heat until the potash is dissolved
;
then stir in tin ore, and

gradually evaporate to dryness, stirring all the time to prevent loss

by spitting as in the analysis of iron stone : when thoroughly dry,

enclose the silver crucible in one of clay, and submit the whole to a

dull red heat for at least half an hour : rather more than less renders

the perfect solution of the oxide of tin more certain. When cold,

act on the contents of the crucible with dilute hydrochloric acid,

transfer the liquid and any undissolved matter to a flask, add some

strong hydrochloric acid, and boil for half an hour. If at the end

of this time any of the tin ore remains unacted on, it must be sepa-

rated by decantation or otherwise from the solution, dried, again

fused with potash, and then treated with hydrochloric acid, in which

it will now be found totally soluble. This second operation will not

be needed if care has been taken to reduce the ore to the finest

possible state of division at first. The solution, however, obtained

is to be evaporated to dryness, and when cold treated with a small

quantity of hydrochloric acid, allowed to stand for half an hour,

then water added, boiled and filtered : the whole of the tin will pass

through in solution as chloride of tin, and any silica or tungstic

acid that may be present will remain in the filter. If the ore

contained copper, lead, and iron, these metals will also be in
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solution, at all events, the lead partially so
;
but if the ore had,

previously to its fusion with caustic potash, been treated with aqua

regia, as already described, then it will contain tin alone. It is

always better thus to separate foreign matters before attempting the

solution of the tin, as the after process is thereby simplified. Sup-

posing, however, that the rough ore had been submitted to fusion

with potash and then dissolved, the solution must be thus treated :
-

A. bar of zinc must be placed in the solution, which will in course of

time precipitate tin, copper, and lead
;

when all the metals are

thus thrown down the zinc is washed and removed, the precipitated

metals well washed and dried. To the dried metals strong nitric

acid is now to be added, the mass gently heated, and then evaporated

to dryness : when cold, it is moistened with dilute nitric acid,

water added, and the whole filtered. Lead and copper will pass

through the filter as soluble nitrates, and the tin will be found in

the filter as insoluble peroxide : this is to be well washed, dried,

ignited, and weighed. It contains 78*61 parts of metallic tin. The

amount of tin thus obtained, when multiplied by 2, will repre-

sent the per-centage of the ore.

If, before the action of caustic potash, the ore had been sub-

mitted to the action of aqua regia sulphuretted hydrogen may be

passed through the solution of chloride of tin sulphuret of tin

will be precipitated ; this is to be washed, dried, gently calcined in

a platinum crucible until all smell of sulphurous acid has ceased,

allowed to cool, reheated with a fragment of carbonate of ammonia,

as in the case of roasting sulphuret of copper, and when cold

weighed as pure oxide of tin. The calculation for metal is made

as above.

Humid Analysis of the Alloy of Tin and Iron as obtained in

the Treatment of Siliceous Ores and Slags. The alloy obtained

as already directed is dissolved in boiling hydrochloric acid diluted

with water, and the solution, if necessary, filtered. To the filtered

solution add a little hydrochloric acid and pass an excess of sul-

phuretted hydrogen through it, collect the precipitated sulphuret

of tin, and proceed according to the directions already given.

Estimation of Tin by means of a Standard Solution. This

process is due to M. Gaultier de Claubry,and may be thus performed:

The standard solution is made by dissolving 100 grains of iodine

in 1 quart of proof spirit (spirit of wine having a specific gravity

of "920), and is thus standardised. Ten grains of pure tin are

dissolved in excess of hydrochloric acid, the solution boiled, and
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allowed to cool : the burette is now filled with the solution of

iodine, which is gradually added to that of the tin until the

former ceases to be decolorised : as soon, therefore, as the tin

solution assumes a faint yellow tinge, sufficient iodine has been

added : the quantity thus found sufficient is then noted, and the

amount of tin each divisionful of iodine solution is equivalent to,

is calculated as for iron, copper, and the other standard solutions.

In the actual assay of tin ore by means of this solution it is

necessary the whole of the tin present be reduced to the state of

protochloride : this may be readily effected by boiling the solution of

tin for a quarter of an hour with excess of metallic iron, and filtering.

To the solution so obtained the iodine is added as above. The tin

ore is dissolved by any of the methods already described.

CHAPTER XII.

THE ASSAY OF ANTIMONY.

ANTIMONIAL substances susceptible of being assayed by the dry way
are divisible into two classes.

Class 1. In this class are comprised native antimony and all anti-

monial substances containing oxygen or chlorine, and but little or no

sulphur.

Class 2. To this class belong the sulphuret of antimony and all

antimonial ores containing much sulphur.

Class 1. The minerals and substances belonging to this class are

the following :

Native Antimony.
Oxide of Antimony.
Antimonious Acid.

Antimonic Acid.

Native Antimony (Sb). This is a silver-white metallic substance,

cleavable into the octahedral form. It occurs in small lamellar

masses usually accompanying veins of auriferous matters. It occa-

sionally contains a notable quantity of silver, and is a rare mineral

substance, as indeed are all the substances belonging to this class.
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Oxide of Antimony (Sb2O3). This is a white pearly substance,

occurring sometimes in mass, sometimes in fine rhomboidal prisms,

forming divergent groups. It usually accompanies deposits of arse-

niferous silver.

Antimonious Acid (Sb2O4). This is a very brittle yellowish-

white or grey earthy-looking substance. It is found accompanying

sulphuret of antimony, of which it is most likely a product of de-

composition.

Antimonic Acid (Sb2O5). This is supposed to exist with the

above mineral, but it is rather problematical.

Assay of Ores of the First Class,

All the oxides of antimony are very readily reduced by

charcoal ; so that their assay presents no difficulty. The assay is

conducted in precisely the same manner as that of oxide of lead ;

only, as antimony is much more volatile than lead, the heat must be

managed with care, and the assay taken from the fire as soon as

finished. When all suitable precautions are taken, the loss of anti-

mony is not very considerable j but Berthier says it is never less

than from 5 to 6 per cent. This, I think, is too high. Thus the

pure protoxide gives 77 per cent, of metal, and antimonious acid 75.

The reduction is readily made, without addition, in a charcoal cruci-

ble ; but when the substance to be assayed is mingled with impu-

rities, some flux must be added. It succeeds equally well with 3

parts of black flux, with 1 part of tartar, with 1 part of carbonate of

soda, and 1 5 per cent, of charcoal, or any other equivalent reducing

flux.

When the substance under assay contains oxide of iron, the latter

oxide is more or less reduced, and the metallic iron alloys with the

antimony.

Oxidised matters which contain but a small quantity of sulphur

can also be assayed in this manner ; because the sulphuret gives up
to black flux the small quantity of antimony which it contains, so that

but little remains in the slag. The common glass of antimony pro-

duces by this method of assay 70 per cent, of antimony, and occa-

sionally even more than that.

Class 2. The minerals of this class are the following :

Sulphuret of Antimony.

Oxysulphuret of Antimony.

Haidingerite.
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Antimonial Galena (see Lead) .

Grey Copper (see Copper).

Antimonial Nickel (see Nickel).

Antimonial Silver, Red Silver, Grey Silver (see Silver).

Sulphuret of Antimony (Sb2S3). This is the most common ore

of this metal, and the one from which nearly all the metallic anti-

mony of commerce is obtained. This mineral is remarkable for its

fibrous texture, for its peculiar bluish-white colour, and by the bril-

liant lustre of its fracture, which generally presents the appearance

of a vast number of needles soldered, so to speak, together, some-

times side by side, sometimes divergent, each one being free at its

fractured extremity. Each of these needles has the form of a square

prism terminated by four-faced pyramids. This mineral is very

brittle ;
its powder has a bluish-black tinge, and stains the hands

very strongly. Sulphuret of antimony often contains a little gold.

Composition :

Antimony 72'78

Sulphur . . 27-22

100-00

Oxysulphuret of. Antimony (Sb2 3 -f 2Sb2S3)
is very rare, and

appears to result from the decomposition of the sulphuret. It is

very brittle, and of a bright shining red colour.

Composition :

Antimony ..... 74-45

Oxygen 4'27

Sulphur . . . 20-47

99-19

Raidingerite (2Sb2S3 + 3EeS) has a metallic lustre, iron-grey

colour, and crystallizes in rhomboidal prisms. It is often found in

confused lamellar masses. It is a compound of sulphuret of anti-

mony with protosulphuret of iron.

Composition :

Antimony . . .520
Iron . .16-0
Zinc (accidental)

Sulphur . . 30-3

98-6
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For the remaining antimonial ores, see Lead, Copper, Nickel,, and

Silver.

Assay of Ores of the Second Class.

The assay of the members of this class may be made in two ways :

first, by roasting and fusing the oxidised matter with black flux
;

secondly, by fusing the crude ore with iron, or iron scales, with or

without the addition of black flux.

The roasting of sulphuret of antimony requires much care, for

it is very fusible and volatile, as is also the oxide its decomposition

gives rise to. The heat ought to be very low during the operation,

and the substance continually stirred. When no more sulphurous

acid is given off, we may feel assured that it is perfectly roasted,

because no sulphate is ever formed in this operation.

The roasted sulphuret is then fused with three parts of black

flux, or its equivalent.

Metallic iron very readily separates all the sulphur from sulphuret

of antimony ;
but as sulphuret of iron has a specific gravity very

like that of antimony, the separation is very difficult to manage : a

strong fire must be employed when the desulphurisation is complete,

to keep the whole body in full fusion, for a considerable time. With

these precautions two buttons are obtained, which separate very well :

the one white, and in large plates, which is antimony ;
and the other

is a bronze yellow, a little brighter than the ordinary sulphuret of iron,

because it is mixed with a little metallic antimony. During the ope-

ration a very considerable portion of antimony is always volatilized,

which, by this process, is an inconvenience impossible to avoid.

It is, nevertheless, practised in the large way in some factories ;

but a good result is not generally obtained. It, however, appears

that when all the necessary precautions are taken, it can be em-

ployed with profit.

The first precaution which is indispensable is, mixing with the

sulphuret only the precise proportion of iron necessary to effect its

decomposition, which quantity amounts to about 42 per cent, of its

weight. If more be placed, the antimony, having a great tendency

to play the part of an electro-negative element will combine with the

surplus, and an antimoniuret of iron result, part of which will re-

main in the antimony and part in the slag.

Further, the iron ought to be in the finest possible state of divi-

sion. If the masses be large, a portion of sulphuret of antimony is

volatilized before they can be fully attacked. In general 63 per
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oent. of antimony can be extracted from sulphuret by the aid of iron

in the small way, but on the large scale it seems that 55 per cent,

is the maximum.

Cast iron cannot be employed instead of wrought, because sulphur

has very little action in it. The desulphurisation is imperfect, and the

slag adheres to the reduced metal.

One of the greatest inconveniences in separating sulphur from

antimony by means of iron is the strong heat necessary to separate

the slag from the metal. This might be remedied by making the

slag more fusible and less heavy, by the addition of some flux, as

an alkaline carbonate or sulphate.

If sulphuret of antimony be fused with an alkaline carbonate and

charcoal, regulus is obtained, and a slag composed of an alkaline sul-

phuret and sulphuret of antimony. If metallic iron be thrown into

this slag whilst in fusion all the antimony separates immediately, and

a new slag is formed as fluid as the former, containing sulphuret of

iron and sulphuret of the alkaline base employed. If, instead of the

above process, the iron be mixed intimately with the sulphuret of

antimony and carbonated alkali, the result is the same 100 parts

of sulphuret, 42 of metallic iron, 50 of carbonate of soda mixed

with one-tentli of its weight of charcoal, or 50 of black flux : give

65 to 66 of regulus with the same proportion of iron, and only 10

of flux, but 62 per cent, can be obtained. In these two cases the

fusion takes place very rapidly and without bubbling, and the slag,

which is very liquid, separates readily from the metal. By employing
1 part of alkaline flux the proportion of iron can be reduced from

25 to 80 per cent., and the product of metal is always from 65

to 66 per cent.

Hence, in making an assay of sulphuret of antimony, it is always

better to employ a smaller quantity of iron than is necessary to com-

plete the desulphurisation, and make up for it by increasing the quan-

tity of flux : then it may be insured that no excess of iron will be

present.

The alkaline sulphates are transposed into alkaline sulphurets by

the agency of charcoal at a slightly elevated temperature. The sul-

phurets of the alkaline metals, by combining with the other metallic

sulphurets, augment their fusibility very considerably. Thus when

sulphate of soda, mixed with about one-fifth of its weight of char-

coal, is added to a mixture of sulphuret of antimony and metallic

iron, the metallic antimony separates very rapidly, and the slag

almost instantly becomes perfectly fluid.

But it must be noted that the presence of an alkaline sulphuret
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diminishes the product of regulus, unless the proportion of iron be

augmented at the same time.

Tor instance, with

100 parts of sulphuret of antimony,

42 parts of iron,

100 parts of sulphate of soda,

20 parts of charcoal,

but 22 parts of regulus were furnished ; but with

100 parts of sulphuret of antimony,

42 parts of iron,

10 parts of sulphate of soda,

2 parts of charcoal,

62 parts of antimony were easily obtained.

Instead of metallic iron, pure oxide of iron may be used, or any

ferruginous matter whatever, provided it is rich ; but it is necessary

to add, at the same time, an alkaline flux and charcoal to reduce

the oxide of iron.

Not less tftan 40 parts of iron scales can be employed for 100 of

sulphuret of antimony, and then, on the addition of 50 to 100 parts

of carbonate of soda and 8 to 10 of charcoal, about 56 of regulus

are obtained; but if with 100 parts of carbonate of soda from 14

to 15 parts of charcoal be employed, 65 parts of antimony are the

result. By augmenting the proportion of scales, that of soda may
be diminished. Thus, if from 56 to 60 parts of scales, 10 of

soda, and 10 of charcoal be employed, 50 parts of regulus are the

result; and if the proportion of soda be 50, and that of carbon 10,

from 65 to 66, and even 67, parts of regulus are obtainable.

The fusion always takes place quickly, and the slags are very
fluid.

"When sulphuret of antimony is fused with forge slag (silicate of

protoxide of iron), carbonate of soda, and charcoal, a very white

crystalline regulus, in large plates, is obtained; a bronze yellow

matter, and a black, opaque, vitreous slag, shining like jet, in

which the greatest portion of the alkali employed appeared to be

concentrated. These three substances separate very readily from

each other.

100 parts of sulphuret of antimony,
80 parts of forge slag,

50 parts of carbonate of soda,

10 parts of charcoal,

produced very readily 60 parts of regulus.
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The best method of assaying sulphuret of antimony seems to be

one lately introduced, in which it is mixed with four parts of cyanide

of potassium, and heated very gently in a crucible. The heat re-

quired in this case is so low, and the operation is made so quickly,

that none, if any, of the antimony is lost : so that this process is

decidedly preferable in the way of an assay. In particular methods,

however, the wet method must be had recourse to.

The sulphuret of antimony is analysed by boiling with aqua

regia. The residue consists of sulphur and gangue. It is to be

washed and dried, then weighed and ignited. The loss gives the

quantity of sulphur, and the remainder is pure gangue.

Water is then added to the filtered solution, which will cause the

precipitation of some of its contained antimony as oxichloride : this

must be separated by filtration. The solution is then to be saturated

with carbonate of potash, and a new precipitate will be formed. The

solution is to be filtered, and made slightly acid ; then nitrate of baryta

must be added to it to separate its sulphur as sulphate of baryta, which

is to be washed, dried, and weighed : its weight indicates the amount

of sulphur : 116 parts are equal to 16 parts of sulphuf.

The precipitate by water of oxichloride which remains on the filter

is redissolved by hydrochloric acid, and its antimony separated in

the metallic state by means of zinc. The precipitate formed by car-

bonate of potash can contain lead, copper, iron, and antimony. It

must be treated by nitric acid, which dissolves everything but the

antimony, which may then be estimated as antimouic acid.

It is always best, before conducting the analysis of sulphuret of

antimony, to affuse it with very dilute hydrochloric acid, in order to

dissolve a portion of the carbonate of lime, which may form part of the

gangue. As the composition of the sulphuret of antimony is con-

stant, the following process is sufficient in the assay of an antimonial

ore : y&fi

Boil the ore, after treatment with dilute hydrochloric acid, with

concentrated hydrochloric acid, which dissolves only sulphuret of

antimony, and precipitate the metal as oxichloride by means of water.

Or, after all gangues soluble in dilute hydrochloric acid have been

removed, the residue may be weighed, and then acted on by boiling

hydrochloric acid, until all action ceases. The residue must be well

washed with weak hydrochloric acid, dried, ignited, and weighed ;
the

loss of weight corresponds to the per-centage of pure sulphuret of

antimony, which contains 72*7 per cent, of metal.
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CHAPTER XIII.

THE ASSAY OF ZIN.C.

ALL bodies containing zinc which are usually found in the assay

office may be divided into four classes :

Class 1. Zinc ores in which the metal exists as oxide not com-

bined with silica.

Class 2. Zinc ores in which the metal exists as in the former

class as oxide, but partly or wholly combined with silica.

Class 3. Zinc ores in which i\\Q metal is partly or wholly com-

bined with sulphur.

Class 4. Alloys.

Class 1..- The substances belonging to this class are the follow-

ing:

Earthy Oxide of Zinc.

Manganiferous Oxide of Zinc, Brucite.

Aluminate of Zinc, Gahnite.

Franklinite.

$' Anhydrous Carbonate of Zinc.

Hydrated Carbonate of Zinc.

Earthy Oxide of Zinc (ZnO) is very rare, and appears to be a

product of decomposition of the sulphuret.

Manganiferous Oxide ofZinc, Brucite (ZnO+ (MnO)
11

). This

ore is a mixture of oxide of zinc with a variable quantity of oxide of

manganese. It occurs in foliated masses and disseminated grains, and

cleaves like mica. Its lustre is brilliant, and colour deep or bright

red. It occurs in New Jersey in great abundance, and is an excel-

lent ore of zinc. Composition of a sample from the above locality :

Oxide of zinc 93'5

,, manganese . . . -.-; 5 -5

Peroxide of iron . . -4

99-4

Aluminate of Zinc, Gahnite (ZiiO,6Al 2O3 ). This mineral
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occurs in regular octahedra; it is nearly opaque, and of a dark

bluish-green colour by transmitted light.

Composition :

Oxide of zinc ..... 24/25

Alumina . . .... 60-03

Oxide of iron 9-25

Silica 4-25

98-25

Franklinite occurs in octahedral and dodecahedral crystals, also

in coarse granular masses ; its colour is iron-black, and it is exceed-

ingly brittle.

Composition :

Oxide of zinc . . . V.. . 17'

Peroxide of iron . g + . : ^ 66'

Sesquioxide of manganese . * . 16'

99-

Anhydrous Carbonate of Zinc, Calamine (ZnO,CO2). This is

the most common ore of zinc. It is found crystallized in forms

derived from the rhomboid. The colour is white, yellowish-grey,

or brown. It occurs semi-transparent and opaque : its lustre is

vitreous, and its fracture even, or imperfectly conchoidal.

Composition of three varieties :

1. 2. 3.

Carbonate of zinc . . 93 95'0 90'5

iron . . 7 1-5 4'0

manganese 3*0

Gangue 5'0

300 99-5 99-5

Hydrated Carbonate of Zinc (ZnO,3HO + 3ZnO,C02).This

species is rare. It occurs in white opaque scales, having a dull and

earthy fracture.

Composition :

Oxide of zinc . ... . . 72'85

Carbonic acid .

'

* v . . .14-94
Water 12'21

100-00
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Assay of Ores of the First Class.

In order to reduce the oxide of zinc contained in substances

of this class, it is sufficient to mix them with charcoal, and expose

them to a white heat.

At the moment of reduction the zinc is in a vaporised state. Its

vapours, however, are readily condensible, so that the operation may
be conducted in an ordinary retort, and all the metal is deposited in

the neck without the slightest loss. It seems from this that nothing
is so easy, at first sight, as the assay of an oxide of zinc ; but it is not

so. It is very easy to reduce all the oxide, but it is not so easy to

collect all the zinc
;
nor is it easy to condense it all in the metallic

state, and in consequence to determine the precise proportion in the

ore submitted to assay.

This difficulty consists, firstly, in the deposit being extended over

a large surface, and it often adheres very strongly to the sides of the

retort, so that it is nearly impossible to detach it ; and secondly, as the

neck of the retort is open, the air having access to it, brings to the state

of oxide all the vapour nearest the end of the neck. The proportion

of zinc oxidised is larger in proportion to the smallness of the quan-

tity submitted to assay, and is always very considerable where no

more than 200 to 400 grains are operated upon.
It is not, therefore, in the extraction of the zinc from its oxide

that the assay is rendered partially uncertain, but in its collection.

The distillation of zinc requires a very high temperature, and

cannot be performed in retorts of glass ; those of earthenware must

be employed. It is not necessary to lute these retorts when they are of

good quality ; and they are better thin, because they heat more

rapidly, and are not so likely to crack.

After the mixture of oxide and charcoal has been introduced into

the retort, it is placed in the fire. The neck ought to have adapted
to it a long tube of glass, with a narrow bore, so as to collect all the

zinc which may escape from the wide part of the neck of the retort.

This disposition is also convenient, as it does not allow such a free

access of air.

It is heated gradually until it is white inside ; the zinc is reduced

and volatilized, and condensed in the neck : the greater the heat,

the nearer the orifice. The metal can be detached readily from the

neck, if it be well black-leaded inside. It is necessary, from time

to time, to observe the state of the neck, because when very narrow
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it is often obstructed, and, if not cleaned out with an iron rod, might

cause an explosion.

When the operation is finished the apparatus is allowed to cool,

the retort taken out, placed carefully on its side, and broken, in order

that if any particles of zinc have condensed in its dome, they may be

removed.

If the approximate proportion of metallic zinc alone be the end,

all is collected and fused at a very gentle heat in a crucible with some

black flux ;
but if the true quantity of zinc is to be estimated it must

be done in a more exact manner. The deposit must be collected with

all possible care ; the neck must then be broken to pieces, and every

piece having adhering to it either zinc or oxide must be placed on one

side, and digested in hot nitric acid, which-takes up those substances.

If any be in the glass tube, it must be carefully cleaned by means of

acid, and the solution added to that produced by the digestion of the

broken neck, and the deposit mechanically collected, in nitric acid.

The solution is then evaporated gradually to dryness, and heated to

redness. The nitrate, by these means, is decomposed, and trans-

formed into oxide, four-fifths of the weight of which is equal to

the quantity of metallic zinc produced in the assay.

The foregone is the method of estimation by distillation; the fol-

lowing is the method of estimation by difference. Two plans of assay

in this manner may be adopted : firstly, at an ordinary assay tempe-

rature ; secondly, at a very high temperature, as that of an iron assay.

In all cases it is necessary to commence with the expulsion of all

volatile bodies the ore may contain. If water or carbonic acid alone

be present, simple calcination will do ; but if carbonaceous matter,

roasting must be had recourse to.

When the assay is made at an ordinary assay temperature, the sample

is finely pulverised, and mixed with from 15 to 20 per cent, of equally

finely pulverised charcoal, and. pressed into a crucible, on which is

placed a cover, but not luted, and rapidly heated to whiteness.

When no more zinc vapour is disengaged it is cooled, and the mix-

ture in the pot collected. The residue ought to be pulverulent ; but

as it is mixed with some charcoal, it is roasted, and then weighed.

It is evident that the loss represents the oxide of zinc : the charcoal

added, it is true, leaves a small quantity of ash, but it is too small to

be accounted for.

In making the assay in the manner described it is to be feared

that a small quantity of the oxide remains undecomposed, and that
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a part of the re$idue might adhere to the crucible, and could

not be detached ; and lastly, there is always a degree of uncertainty in

the state of oxidation the iron, the .substance may contain will exist

in it after roasting. No inconvenience of this nature presents itself

when the assay is made at a very high temperature. This mode is

the most exact of all, and leaves nothing to be desired.

The assays of zinc at a high -temperature are made exactly as those

of iron. They are made in a charcoal crucible, with the addition of

fixed fluxes, suitable to effect the fusion of the gangues mixed with

the oxide of zinc, if they be not fusible by themselves. The button

is weighed ;
it is a compound of slag and grains of iron, which are

collected and their weight ascertained, and, by the difference, that of

the slag. The weight of oxygen which the iron has lost during its

reduction is then added to it, and by deducting from the substance

the weight of the button and the oxygen so obtained, we have the

proportion of oxide of zinc reduced in the assay. On the other

hand, by deducting from the weight of the slag the weight of flux

added, the, weight of earthy substances arid irreducible oxides which

were mixed with the oxide of zinc is ascertained.

These results can be shown in a tabular form, in the following
manner :

Let m be the weight of the crude ore, n the weight of the calcined

ore, r the weight of the flux added, /the weight of the cast iron, s

the weight of the slag, o the weight of oxygen combined with the

iron, calculated from the weight of metal produced, z the weight of

the oxide of zinc, then :

m crude ore= calcined ore . *,.,. ,..*,. . n

r fixed fluxes .
: ,

.

1&
,

,
. y , ^.; . r

n + r

Gives metal . . .

/} Total/+Gives slag. . . . ,,
Oxyg^ }/+* +

*

Oxide of zinc n +rfs o

Flux added . . . r

Earthy matter . s r.

The following is an actual experiment by Berthier :
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100 crude ore= calcined ore . . . . 83 '3

10 kaolin (china clay) acted on by acids . . 10*0

7 marble=lime ..... !-V 4*0

97-3

Gave metal . 45'3>m x i A-I.Q^

Gave slag . m}^ ; 6J 3}
Total . . m

Oxide of zinc . 16-6

Fluxes added . &%# . H'O

Earthy matters . ;-,v* $ 2*0

The above result was confirmed by humid analysis, showing at

once the exactitude of the process.

Determination of amount of Zinc by the Humid Process in

Ores of the First Class. Dissolve 50 grains of the finely pulve-

rised ore in nitric acid, evaporate to dryness, allow to cool. Digest

the cold mass with a little dilute nitric acid, gently warming during

the digestion, add water, and then filter. To the filtered solution

add excess of caustic ammonia, gently warm, and filter. The excess

of caustic ammonia dissolves the oxide of zinc which it at first threw

down, as well as any oxide of manganese that may be present. This

solution containing the zinc, and probably manganese, must be sepa-

rated from the precipitate produced by the ammonia by filtration,

the insoluble matter in the filter washed with water containing a little

ammonia, and the washings so obtained added to the first strong

filtrate. If no manganese be present, sulphuret of ammonium may
be now added to the filtered liquid until it produces no further white

precipitate of oxide of zinc. The liquid and precipitate must now be

allowed to stand in a warm place for about an hour, then filtered, and

the sulphuret of zinc on the filter washed with water containing a

little sulphuret of ammonium. After a few washings, it is to be dis-

solved in dilute hydrochleric acid, and, if necessary, the solution

filtered. To the filtered solution is added excess of carbonate of

soda ; carbonate of zinc is thrown down, which in its turn is collected

on a filter, washed, dried, separated from the filter, ignited, and

weighed. Pour-fifths of its weight is metallic zinc. If by previous

experiment by blowpipe, or otherwise, manganese were found to be

present, the ammoniacal solution containing the mixed oxides must

be thus treated : Excess of acetic acid is to be added to it, and a

stream of sulphuretted hydrogen gas passed through it until no fur-

ther precipitation takes place ; by this means the whole of the zinc
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is deposited as sulphuret, whilst the manganese remains untouched

in the liquid. The sulphuret of zinc is to be collected on a filter

and treated with hydrochloric acid, &c., as just described.

Class 2. The following minerals belong to this class :

Anhydrous silicate of zinc.

Hydrated silicate of zinc.

Anhydrous Silicate of Zinc. This species is not very common.

It crystallises in yellow hexagonal prisms, terminated by dihedral

summits. It has a greenish or reddish-yellow colour.

Composition :

Oxide of zinc .

Silica : ; : . -'.'.'. \ ...

Oxide of manganese . v , .., ,

iron . . . . , .';

99-7

Hydrated Silicate of Zinc, Electric Calamine (Zn02Si03 -f-

ZnO,HO). This mineral is rather difficult to discriminate, as it

usually possesses no constant external character ; sometimes it is a

pale yellowish-grey in colour, sometimes a deep brown, and passes

through all the intermediate shades. It is electric by heat
; the

smallest fragment heated always attracts light substances.

This mineral seldom occurs perfectly pure ; it usually contains

variable quantities of carbonate of zinc. The two following analyses

will give a general idea of the composition of this mineral. The first

is that of a pure sample :

1. 2.

Oxide of zinc . . . 66'4 66'3

Silica 26-2 24'9

Water 7'4 7'4

Oxide of lead and tin . *3

Carbonate of zinc . . Tl

100-0 100-0

Assay of Ores of the Second Class.

The silicates of zinc are not reducible by charcoal alone ; but when

in contact with substances which have the property of combining
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with silica, they are reduced completely, even at a moderate tempe-

rature. All the modes of assay just described for ores of the first

class apply to those of the second, with the exception that the flux,

instead of being merely reducing, must have a true fluxing property

also : lime or magnesia are good fluxes.

Humid determination of Zinc in Ores of the Second Class.

Ores of this class are best decomposed by strong hydrochloric acid

with a small admixture of nitric acid. When thoroughly decom-

posed and the solution evaporated to dryness, it is moistened with

hydrochloric acid, and treated exactly as described for Ores of the

First Class.

Class 3. The below-mentioned substances are of this class :

The sulphuret of zinc, blende, Black Jack.

Oxisulphuret of zinc.

Sulphate of zinc.

Seleniuret of zinc.

Sulphuret of Zinc, Blende, Black Jack (ZnS). The colour of

this mineral is very variable, but its brilliant and lamellar aspect

renders it easily recognisable. Whenever broken, regular faces always

appear, the surfaces of which are even and shining; but however lus-

trous the mineral itself is, the colour of the powder is always

greyish and dull in appearance. Blende nearly always accompanies

galena.

This sulphuret very often occurs crystallised ; the crystals are the

rhomboidal dodecahedron, more or less surcharged with additional

facets.

The more striking colours it assumes are topaz and sulphur-yellow,

resin-brown, reddish-brown, and brown passing to black.

There are the following varieties :

1. Crystallised Sulphuret of Zinc. This usually accompanies

sulphuret of lead, iron pyrites, grey copper, and many other crystal-

line minerals.

2. Lamellar Sulphuret of Zinc, disseminated in earthy matters

in small amorphous masses. The fracture, however, presents large

plane shining faces.

3. Concretionary Sulphuret of Zinc. The colour of this is

brownish-black : it occurs in compact masses whose interior presents

the aspect of having been formed by concentric layers, like some kinds

of malachite.
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Composition :

Zinc. .

*'" ':^: . . . 70.4

Iron
l

*? '''':'
r
*t? . . "'r 4-0

Sulphur . . .

:
'

r
';

;

.
;

. 35-6

100-0

Oxisulphuret of Zinc. This compound seems to result from the

decomposition of sulphuret of zinc. It is rare.

Sulphate of Zinc (ZnO,SO3,7HO). This salt, like the above

mineral, results from the decomposition of the sulphuret.

Seleniuret of Zinc (ZnSe). This is a very rare mineral.

Assay of Ores of the Third Class.

In order to assay the substances containing sulphur which belong

to this class, they must be roasted, and then treated as the ores of the

first and second class. Sulphuret of zinc may be roasted without diffi-

culty ; and when the operation is made with care, the roasted ore

contains neither sulphur nor sulphuric acid. The only precaution

necessary to observe is, that the heat must be carefully regulated at first,

in order to avoid fusion which might take place, especially when a

certain amount of sulphuret of iron is present. Towards the end

the heat may be increased, to decompose any sulphate that may be

formed. Both a reducing and fusing substance must be added in

this case, as in the last, in order to determine the fusion of the

ganguey matters.

Humid Determination of Zinc in Ores of the Third Class.

These ores are to be finely pulverised, treated with strong nitric acid,

at first with a gentle heat ; and lastly, boiled until the sulphur sepa-

rates in bright yellow transparent globules, as described under the

Humid Assay of Copper Ores of the Second Class. The solution so

obtained is to be evaporated to dryness, moistened with hydrochloric

acid, and treated as described for ores of the first class.

If ores of this class, or of either of the two former, contain copper,

they must be thus treated :

The ore is to be decomposed by an appropriate acid, evaporated to

dryness, moistened with hydrochloric acid, water added, and the

solution filtered. A current of sulphuretted hydrogen gas is now to be

passed through the solution until, even after violent agitation, it smells

strongly of it. It is now to be filtered, and the black precipitate on
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the filter contains all the copper as sulphuret of copper, that sub-

stance being insoluble in dilute acid, whilst in a solution acidulated

with either of the strong mineral acids, as nitric, hydrochloric, or

sulphuric, zinc is not at all acted on by sulphuretted hydrogen.
The solution, now freed from copper, is placed in an evaporating basiu

and boiled for about a quarter of an hour ; nitric acid is then added

to peroxidise all the iron present, and the solution allowed to cool.

When cold, the zinc is separated by means of ammonia, and the am-

moniacal solution treated as already described.

Fourth Class. Alloys.

The alloys of zinc with iron, copper, and tin, may be assayed by

heating them to whiteness for about an hour in a charcoal crucible

with an earthy flux (silicate of lime is the best), and weighing the

resulting button : the loss will be nearly equivalent to the quantity

of zinc present.

The Humid Determination ofZinc in Substances ofthe Fourth

Class. These substances are treated precisely as described under

the heads Humid Determination of Zinc in First, Second, and Third

Classes.

Determination of Zinc by means of Standard Solutions.

This operation is carried on precisely in the same manner as described

for lead. The solution of sulphuret of sodium is to be standardised

by dissolving 10 grains of zinc in nitric acid, adding excess of caustic

potash, so as to dissolve the oxide of zinc at first precipitated, boil-

ing the solution, and adding the sulphuret of sodium from the burette

until no further white precipitate is formed. The strength of the

sulphuret of sodium solution is calculated as already described.

In case lead accompanies the zinc ore, this metal will be taken into

solution by the caustic potash in company with the zinc. Its pre-

sence, however, is of very little hindrance to the assay, as it is totally

and completely precipitated before the zinc ; so that if the sulphuret

of sodium.solution be added as long as a black precipitate is pro-

duced the lead is thrown down, and then only is an account to be

taken of the number of divisions of the burette required to throw

down the white sulphuret of zinc. The calculation for quantity of

zinc is made as for lead, copper, &c.
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CHAPTER XVI.

/
THE ASSAY OP BISMUTH, CHROMIUM, MANGANESE, NICKEL, AND

COBALT.

THE following varieties of bismuth ores are met with, but are very

rare :

Oxide of Bismuth.

Sulphuret of Bismuth.

Persulphuret of Bismuth.

Cupriferous Sulphuret of Bismuth.

Plumbo-cupriferous Sulphuret of Bismuth.

Plumbo-argentiferous Sulphuret of Bismuth.

Lastly, we have Native Bismuth, which, although far from common,
is the only mineral hitherto found to supply the wants of commerce

with the pure metal ; arid the only products of it are bismuth slags

and cupel bottoms, in which oxide of bismuth is present in lieu of

oxide of lead ; it sometimes happening that bismuth is employed
instead of lead in cupellation (see Silver Assay).

Native Bismuth (Bi) possesses a tolerably bright metallic lustre ;

its colour yellowish-white, often iridescent. It fuses in the candle

flame. It is generally found in small amorphous lamellar masses,

yet it occasionally occurs in acute rhomboidal as well as cubical arid

octahedral crystals.

This substance does not seem to form veins by itself, but generally

accompanies other minerals, particularly those of cobalt, nickel,

arsenic, and lead.

Assay of Native Bismuth. 200 grains of the pulverised mate-

rial are mixed with 100 grains of fused borax, 100 grains of argol,

and 200 grains of carbonate of soda, placed in a crucible which the

mixture about half fills, and exposed to the lowest possible tempe-

rature that will effect the perfect fusion of the flux. This must

be specially attended to, as bismuth is so exceedingly volatile ; in

lieu of 100 grains of argol, it is more advantageous to employ 100

grains of cyanide of potassium as the reducing agent. When the

crucible is cold, it is to be broken in the usual manner.

Assay of Bismuth Residues, Cupel Bottoms, &c.~These sub-

stances must be finely pulverised, and from 200 to 400 grains mixed
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with three times its weight of fused borax, their own weight of car-

bonate of soda, and from 100 to 200 grains of cyanide of potassium,
and proceed with all the precautions above pointed out.

Determination of amount of Bismuth by the Humid Process.

Act on 50 grains of the finely powdered substance with strong
nitric acid until all action ceases, evaporate to dryness, add from 50

to 100 drops of strong sulphuric acid, well mix with a glass rod, and

evaporate to dryness ; add water, with a few drops of sulphuric acid,

and boil. Pilter the solution, and to the filtered solution add excess

of carbonate of ammonia. Collect the oxide of bismuth thus thrown

down on a filter, wash, and dry ; separate it carefully from the filter,

ignite it, and weigh : every 100 parts correspond to 89'87 of bis-

muth.

Or the bismuth may be obtained at once in the metallic state

from the solution prepared as above : by adding to it metallic copper
in the form of a small sheet, and gently heating, the bismuth will

separate in the metallic state, and can be washed, dried, and weighed,
as directed for copper under the Assay of that metal.

THE ASSAY OP CHROMIUM.

The only ore of this metal which occurs in commerce is known as

chrome iron, or chrome iron ore. It is found in amorphous masses

of a brownish-black colour, approaching an iron grey. Its fracture

is uneven, sometimes lamellar; and its powder is greyish.

The two following analyses will give a general idea of its compo-

sition :

(
l

(\

Oxide of chromium . 36'0 43-7

Peroxide of iron . . 37-0 34-7

Alumina 21'5 20'3

Silica 5-0 2'0

99-5 100-7

Assay of Chrome Ore.

Chrome iron ore, like native oxide of tin, is very difficultly decom-
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posable by ordinary re-agents. The best method of operating is

thus : Mix 50 grains of ore, reduced to the utmost state of division,

with 100 grains of nitrate of potash and 200 grains of carbonate of

soda
; place the mixture in a platinum crucible, and expose to a red

heat for half an hour
; remove the crucible, and allow it to cool.

Place it, when cold, in an evaporating basin, and add enough water

to cover the crucible : gradually heat the basin and contents to

ebullition. The fused mass in the crucible will gradually dissolve,

and if the operation has been successful there will be no undecom-

posed chrome ore : if, however, there be, it must be collected, as in

the case of the analysis of tin ore, dried again, ignited with nitrate

of potash and carbonate of soda, and treated with water, as just de-

scribed. The solution which is obtained is deep yellow, its colour

being due to chromate of potash and soda, which have been formed

at the expense of the oxygen of the nitric acid, which has converted

the oxide of chromium into chromic acid : thus

and the chromic acid so produced combines with potash and soda to

form the chromates, having the following formula :

KO,Cr03 +NaO,CrO3 .

The solution is to be filtered from the insoluble residue, consisting

principally of peroxide of iron, and evaporated to dryness with small

excess of nitric acid : the dry mass is treated wi h water, and the

whole boiled, and, if necessary, filtered. It must now be treated

with solution of proto-nitrate of mercury, which throws down chro-

mate of mercury : the proto-nitrate must be added as long as a pre-

cipitate is produced. The chromate of mercury is collected on a

filter, well washed, dried, and ignited. During the process of igni-

tion the chromate of mercury is decomposed into mercury and oxide

of chromium of a pure bright green colour. 100 parts of this oxide

correspond to 70 parts of metallic chromium.

Determination of Chromium by means of Standard Solution.

This process is the converse of the determination of iron by means

of solution of chromate of potash.

The chrome ore is treated with nitrate of potash and carbonate of

soda, as above described ; and the solution of chromate of potash so

obtained has an excess of hydrochloric acid added to it.
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It is stated, at p. 241, under the head of Iron Assay by Standard

Solution, that 100 parts of metallic iron correspond to and are repre-

sented by 88*6 grains of bichromate of potash : now 88*6 grains of

bichromate of potash contain 32*96 grains of chromium; therefore

100 grains of iron are equal to 32 '96 of chromium. Prom these

data a standard solution can be readily made : thus Dissolve 50

grains of harpsichord wire in excess of hydrochloric acid
; place the

solution in the burette, and fill up to 100 on the instrument with

water, and well mix : it is now evident that every division of the

burette will equal or represent '1648 grains of chromium. The

assay is now thus proceeded with : Gradually add the standard solu-

tion of iron to the solution of chromate of potash (or rather, now,

bichromate of potash), acidulated with hydrochloric acid, until a drop

of the solution mixed with a drop of solution of ferrocyanide of

potassium gives a pale blue colour : a slight excess of protoxide of

iron is then present, showing that all the chromic acid has been

reduced to the state of oxide of chromium. Now observe how many
divisions of the iron solution have been required., and multiply them

by 1648 : the resulting number will represent the amount of metallic

chromium in the sample submitted to assay.

ASSAY OF AllSENIC.

The minerals containing arsenic are very varied, and will be found

in the lists of minerals of other metals elsewhere described. *

Assay for Arsenic. 50 grains of the finely pulverised mineral

are deflagrated with 200 of nitrate of potash and 200 of carbonate

of soda in a porcelain crucible. When the crucible is cold, it and

its contents are to be treated with water, as in the case of chromium.

The solution will contain arseniate and (if the ore had in its consti-

tution sulphur, which is most likely) sulphate of potash. Nitrate of

lead must be added to the solution (made neutral with nitric acid, if

requisite) : a mixture of arseniate and sulphate of lead is precipitated :

this precipitate is well washed on a filter, and digested with dilute

nitric acid : this agent dissolves out the arseniate of lead, and leaves

the sulphate. Filter, and saturate the filtered solution with soda,

which will throw down the arseniate : this must be collected on a

filter, washed, dried, and weighed. Every 100 parts correspond to
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22'2 of metallic arsenic, or 29 parts of arsenious acid (the common

white arsenic of the shops).

This method is only approximative : the following is the better

plan to follow :

Digest the ore in strong nitric acid until nothing more is taken

up (the action may be facilitated by the occasional addition of a

crystal or two of chlorate of potash), and all action on the addition

of fresh acid is at an end : dilute with water, and filter : to the

filtered solution add nitrate of lead, and proceed as above.

ASSAY FOR SULPHUR.

Minerals containing sulphur have also been elsewhere described.

Mode of Assay. Act upon 50 grains by repeated doses of aqua

regia, or better still, strong nitric acid and chlorate of potash, until

the ore is entirely decomposed ; and if any sulphur remains unacted

on, it is quite bright and of a fine amber colour, as described in the

Humid Assay of Copper Ores of the Second and Third Classes.

"When all action has ceased, carefully filter, wash, dry, and weigh the

residue ; ignite it in a small porcelain dish, weigh again, and the

loss of weight will be sulphur. Add to the filtered solution chloride

of barium, until no further precipitation takes place ; let the whole

stand in a warm situation for an hour or so ; collect the precipitate

on a filter, wash, dry, and ignite it. Every 116 parts of this preci-

pitate of sulphate of baryta correspond to 16 parts of sulphur. The

quantity obtained in this manner, added to that obtained in the first

part of the operation by the ignition of the insoluble residue, will

give the amount of sulphur in the portion of ore operated on.

ASSAY OF MANGANESE.

Many minerals contain manganese, but the only commercially

valuable ore is the Peroxide or Pyrolusite (Mn02). It occurs

sometimes massive, sometimes fibrous. It also crystallises in small

rectangular prisms more or less modified. . Its colour is iron-black,

but varies much, according to its purity.
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Composition :

Manganese . . .63*36

Oxygen . . . 36-64

100-00

Assay of Manganese Ores. The assay of this metal is confined

to the amount of peroxide any one of its ores may contain. There

are several methods of effecting this, and the best of these will be de-

scribed below.

The following method is described in Graham's "Elements of

Chemistry/' page 536 :

The value of the oxides of manganese is exactly proportioned to

the quantity of chlorine they produce when dissolved in hydrochloric

acid, and the chlorine can be estimated by the quantity of proto-

sulphate of iron it peroxidises. Of pure peroxide of manganese,

545-9 parts produce 442*6 parts of chlorine, which peroxidise 3456

parts of crystallised protosulphate of iron. Hence 50 grains of per-

oxide of manganese yield chlorine sufficient to peroxidise 317 grains

of protosulphate of iron.

50 grains of the powdered oxide of manganese to be examined are

weighed out, and also any known quantity, not less than 317 grains,

of sulphate of iron. The oxide of manganese is thrown into a flask

containing 1J oz. of strong hydrochloric acid, diluted with oz. of

water, and a gentle heat applied. The sulphate of iron is gradually

added in small quantities to the acid, so as to absorb the chlorine as

it is evolved ;
and the addition of that salt continued till the liquid,

after being heated, gives a blue precipitate with the red piussiate of

potash, and has no smell of chlorine, which are indications that the

protosulphate of iron is in excess. By weighing what remains of the

sulphate of iron, the quantity added is ascertained, say m grains.

If the whole manganese were peroxide, it would require 317 grains

of sulphate of iron, and that quantity would therefore indicate ]00

per cent, of peroxide in the specimen ;
but if a portion of the man-

ganese only is peroxide, it will consume a proportionally small quan-

tity of the sulphate, which quantity will give the proportion of the

peroxide, by the proportion as 317 : 100::#& : per-centage required.

The per-centage of peroxide of manganese is thus obtained by multi-

plying the number of grains of sulphate of iron peroxidised by 0-317.

It also follows, that the per-centage of chlorine which the same
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specimen of manganese would afford, is obtained by multiplying the

number of grains of sulphate of iron peroxidised by 0'25S8.

The quantity of oxygen which any peroxide of manganese loses by

becoming protoxide, can be arrived at very exactly, and in a very

convenient manner, by heating it, in a finely powdered state, with a

solution of oxalic acid. The action commences even in the cold ; a

part of the oxalic acid is converted into carbonic acid, and an oxalate

of the protoxide of manganese is formed. Oxalic acid contains 3

atoms of oxygen to 2 atoms of carbon, since carbonic acid contains

4 atoms of oxygen to 2 atoms of carbon : it may be seen that the

oxygen which is estimated is equal to one-fourth of that contained

in the carbonic acid. The carbonic acid is collected as carbonate of

baryta, and the operation performed as follows :

Place in a small flask 1 part of the pulverised mineral, 4 or 5 parts

of oxalic acid, and 10 parts of water ; adapt immediately to the

matrass a recurved tube of small diameter, placing its open end into

a vessel holding about half a pint of saturated baryta water, which

must be frequently agitated in order to favour the combination of the

evolved carbonic acid with the baryta in solution. When the disen-

gagement of gas nearly ceases, the contents of the flask must be

made to boil in order to expel all carbonic acid. It sometimes

happens that all the peroxide of manganese assayed is not decomposed

by the oxalic acid, which can be ascertained if it has not changed

colour, in which case the operation must be repeated.

The following is a method contrived by Dr. Thompson, and is a

modification of the one just described. When ordinary care is taken,

it is nearly as accurate as assays made in a more expensive manner

and with more troublesome apparatus.

Take 50 grains of the finely powdered mineral, and place it in a

small flat-bottomed flask (capable of standing the heat of a sand-

bath), together with about 1J oz. of water, and a J oz. of sulphuric

acid. Then place loosely a plug of cotton-wool in the neck to absorb

any moisture which the carbonic acid evolved in the course of the

experiment might carry over. A tube containing dry chloride of

calcium may be adapted to the neck of the flask by means of a per-

forated cork : this method will ensure greater accuracy. The flask

(whether fitted up with the tube or cotton-wool) containing the

water, oxide of manganese, and sulphuric acid, is now to be weighed,

and 100 grains of oxalic acid placed in it : the tube or wool must be

replaced, and the effervescence produced be allowed to proceed as

long as it will without the aid of heat : when it ceases, a very gentle
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heat must be applied for a few minutes, and when cold the flask must

be weighed : the loss of weight corresponds to the amount of peroxide

present. Thus, supposing

The flask, water, peroxide of manganese, sulphuric

acid, and tube or wool, weighed . .2000 grs.

Oxalic acid added . . .

n
l/ ;'r . 100

2100

And the weight after the operation to be . .2060

Loss ... .- 40

The sample under assay would contain 40 grains of peroxide in the

50 grains of ore employed : hence the per-centage of pure peroxide

would be 80.

In case more exact results are required, the following plan, by
Fresenius and Will, may be advantageously employed. The appa-

ratus for this experiment has been already described, as well as its

mode of use, at pages 247-8. The only modifications for determining
the value of manganese ore is to place 50 grains of the finely-pulverised

ore and 150 grains of neutral oxalate of potash in the flask A, and

proceed as already described for determining carbonic acid in carbo-

nate of iron. Every grain of carbonic acid liberated indicates, as in

the simple oxalic process, 1 grain of pure peroxide of manganese.

CHAPTEE XVIII.

ASSAY OF COBALT AND NICKEL ORES.

ALTHOUGH cobalt and nickel usually accompany each other, yet it

will be more convenient to give the ores of both separately, com-

mencing with those of cobalt.

Ores of Cobalt.

Oxide of cobalt.

Sulphuret of cobalt.

Sulphate of cobalt.

The arseniurets of cobalt.

The arsenio-sulphuret, or grey cobalt.

Arseniate of cobalt.

Arsenite of cobalt.
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Oxide of Cobalt (CoO, when pure). This is generally found on

the surface of some of the ores of cobalt, more particularly of the

sulphurets and arseniurets, from whose decomposition it appears to

result. There is found, however, a manganesiferous oxide of cobalt

of the following composition :

Oxide of cobalt . . . .' 19'4

Oxide of copper . , . / "2

Oxide of manganese . ,. ." 16*0

Silica
'.'i.

. . . . 24-8

Alumina . .

( '

.

'

. 20 '4

Water
;!'*

. . . . 17-0

97-8

Sulphuret of Cobalt ; Koboldine (Co2S3 pure, but usually occurs

mixed with sulphurets of copper and iron). This mineral has a

steel-grey colour, more or less bright, uneven fracture, and crystallises

in the regular octahedron.

Composition of impure mineral :

Cobalt . . ... . .
. 43-86

Iron . .
"*" ;i

'r
: V :v 5-31

Copper . f .
.

. . . 4'10

Sulphur . $ .
.

,
. . 41-00

Gangue . ; , . . . !: *67

94-94

A pure sulphuret of cobalt, having the following formula, CoS,

has, however, been lately discovered in India.

Sulphate of Cobalt (CoO,SO3 ). This salt is occasionally found

coating sulphuret of cobalt, evidently a product of decomposition.

It is reddish in colour, and crystallises in oblique rhomboidal

prisms.

Composition :

Oxide of cobalt Vy, .'.;.. ./.' ^. ;

'..' ..'/28'7
Oxide of iron ,.^. ;r ., n . , v . -9

Sulphuric acid .* '--
;
.

;
. :>^ 30-2

Water 41-2

101-0
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Arseniurets of Cobalt. The formula of this class of minerals is,

like that of the varieties of grey copper, very uncertain : they are

generally mixtures of arseniurets of cobalt, nickel, copper, and iron,

in various proportions. The three following analyses will give an

idea of their composition :

Cobalt . . . 12-7 9-6 13-9

Nickel ... 1-8

Copper ... 1*4

Iron . . . 12-5 9'7 117
Arsenic . . . 50'0 68'5 70'3

Sulphur . .

'

. V 7-0 '7

Gangue . . . 25'0 5'2

100-2 100-0 99-8

The ores of this class have generally a whitish-grey colour, some-

times very lustrous.

Arsenio-sulphuret of Cobalt (CoAs2 + CoS2) . This mineral, in

its external appearance, much resembles that of the last-named

varieties, but is generally much brighter. It crystallises in cubes and

regular octahedrons.

Composition of two varieties :

Cobalt . . . 39-0 32'6

Iron ... 2-0 6-2

Arsenic , . . 34'7 60'0

Sulphur . 21-7 19-6

97'4 98-4

The Arseniate and Arsenite are exceedingly rare.

Assayfor Cobalt. The analysis of cobalt ores is the most tedious,

with the exception of those of platinum, of any that fall under the

assayeds notice, the greatest difficulty being in the separation of

cobalt and nickel. The following process, however, is the most

ready that has yet been devised : Very carefully roast, in a porcelain

capsule or crucible, 100 or more grains of the sample to be examined.

(In case, however, any of the rich ores are under assay, 25 to 50

grains will suffice.) When no more vapours of arsenious acid are

evolved, add a little finely-powdered charcoal, and again roast, and

so on until no arsenical smell is perceptible. Allow the roasted

mass to cool, and then gently heat it in a flask with hydrochloric

acid until all but silica is dissolved ; evaporate to dryness ; allow to
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cool; moisten with hydrochloric acid; let stand for an hour;

then add water, boil, and filter. To the cold filtered solution add a

little hydrochloric acid, and pass into this acidulated solution sul-

phuretted hydrogen gas until in great excess ; allow the solution so

saturated with gas to remain at rest for two or three hours, then filter

it, add a little nitric acid to the filtered solution, and boil so as to

peroxidise all the iron present : this point must be carefully attended

to, and may be recognised by the addition of a few drops of nitric

acid to the hot solution, giving no dark tinge. Allow the solution

to cool, and if not quite bright, filter it. To the filtered solution add

excess of carbonate of baryta. Iron and alumina will be removed

after a digestion of three or four hours. Again filter, and to the

solution add sulphuret of ammonium in excess, gently warm and

filter, wash the precipitate, dissolve it in hydrochloric acid ; if not

bright, filter, and to the filtered solution add cyanide of potassium in

excess, and boil. To the boiling solution add a little carbonate of

soda, this will precipitate manganese, if present, and filter. The

solution now contains nothing but cobalt and nickel. These may be

separated as follows : "Warm the solution, and add to it excess of

pulverised peroxide of mercury : this decomposes the potassio-cyanide

of nickel, and the whole of the nickel precipitates, the cobalt alone

remaining in solution. Remove the nickel by filtration, and neutralise

as nearly as possible the filtered solution containing the cobalt by the

aid of nitric acid ; then add neutral nitrate of mercury solution as

long as a white precipitate forms : this precipitate is cyanide of

mercury and cobalt. It is collected in a filter, well washed, dried,

and then ignited, with free access of atmospheric air, which converts

it into black peroxide of cobalt, which is weighed. The nickel pre-

cipitate collected in the filter is treated in the same manner : every

100 parts of oxide of nickel correspond to 78*7 parts of metallic

nickel. It may be here mentioned, that cobalt is always estimated

commercially as oxide, and nickel as metal.

Ores of Nickel. The ores of nickel comprise the following

varieties :

Oxide of nickel.

Sulphuret of nickel.

Arseniuret of nickel
; kupfernickel.

Arsenio-sulphuret of nickel ; grey nickel.

Antimonio- sulphuret of nickel.

Arseniate of nickel.

Arsenite of nickel.

Silicate of nickel.
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Oxide of Nickel (NiO). This, like the oxide of cobalt, occurs

only as a product of decomposition.

Sulphuret of Nickel (NiS) . This mineral is very rare.

Arseniuret of Nickel ; Kupfernickel (NiAs2)
is the most com-

monly occurring ore of nickel. It occurs of a greyish metallic-red

appearance, very brittle, amorphous, having a conchoidal fracture.

Composition. The three following analyses give an idea of its

general composition :

Nickel , ;;r: ,;.
44'2 30-6 15-6

Cobalt . '.'."

"

:?
2-2 4-6

Iron , ,

. ;

.
. -6 8-6 16*6

Arsenic. ^ ;
. 54'8 51'0 46-0

Antimony ,. . 1'4

Sulphur. ,; ;

,,.' ;

;v_ -4 4-2 8-6

Gangue . V"--- .. t
. *4 5"8

100-0 97-0 98-6

Arsenio-sulphuret of Nickel; Grey Nickel (NiS2 + NiAs).

This mineral has, when pure, a shining grey colour, but is not

common. It more frequently occurs mixed with the last-named

mineral. *

The following are two analyses of this species :

Nickel . \ii f
. 35-5 29-9

Cobalt . M . -9

Iron . ; ;
; - r r . 4*1

Arsenic . -. i
;

. - 45 '2 45*4

Sulphur . ;^ . 19-3 19-3

Gangue / . . '9

100-0 100-5

Antimonio-sulphuret of Nickel (NiS2+ NiSb) . This has the

same appearance as the last-mentioned mineral.

Composition of two specimens :

Nickel . . . 26-9 28'0

Antimony . . 58'5 54'5

Sulphur . . . 14-6 15'5

100-0 98-0
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The Arseniate, Arsenite, and Silicate of Nickel are exceedingly
rare.

Assay of Nickel Ores. This class of assay has already been fully

described under the head Cobalt Assay.

CHAPTER XVIII.

ASSAY OP MERCURY.

MERCURY is found in the native or metallic state, and as sulphuret

or cinnabar ;

Native Mercury.

Sulphuret of Mercury, Cinnabar.

Bituminous Sulphuret of Mercury.

There are other minerals of mercury met with, but hitherto not in

sufficient quantity to be worked for the metal. They are :

Zinciferous Subsulphuret of Mercury.
Zinciferous Sulphuret of Mercury.
Seleniuret of Mercury.

Subchlcride of Mercury.

Iodide of Mercury.

Silver Amalgam (see Silver).

Metallic or Native Mercury (Hg) is found in small drops dis-

seminated in the body of the metalliferous rock, or in pyrites or

cinnabar. Its appearance is so characteristic that it cannot be

mistaken.

Sulphuret of Mercury, Cinnabar (Hg^S). This ore is the sub-

stance from which nearly the whole of the mercury of commerce is

extracted. Its colour is red, more or less deep ; varying from the

most lively and brightest tint to the dull red of coagulated blood.

The principal varieties of this mineral are

1st. Crystallized Sulphuret of Mercury. Occurs in very small

flattened crystals, derived from the hexahedral prism ; colour dull

ed, covered with a metallic-looking coating. These crystals, when

pulverized, yield a scarlet red powder.
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2d. Lamellar Sulphuret of Mercury, in small masses, composed
of interlaced or divergent plates.

3d. Granular Sulphuret of Mercury. Has the appearance of a

sandstone, and is composed of grains of quartz, iron pyrites, and

sulphuret of mercury.

4th. Amorphous Sulphuret of Mercury, in small masses, with a

vitreous fracture. It is remarkable for its great specific gravity.

5th. Filrous Sulphuret ofMercury. Is silky and soft; it stains

the fingers strongly, and passes into the following variety :

6th. Pulverulent Sulphuret of Mercury. This variety is also

known as native vermilion.

7th. Bituminous Sulphuret of Mercury. Its colour varies

from dull red or reddish brown, to lead grey and even black. It is

very brittle, and its interior texture is finely granular. This mineral

is usually very rich.

Composition of the pure sulphuret :

Mercury M' *'

. "%4 ^4 v 86'29

Sulphur . A- . H> 13-71

JOO-00

The other minerals of mercury mentioned at the commencement

of this chapter are so rare, that it will answer no useful purpose to

describe them.

Assay of Mercurial Ores. The determination of mercury is

always made by distillation. In case the mercury is present in the

form of native mercury, or oxide of mercury, it is distilled without

any addition. The ore (say from 500 to 1000 grains) is placed in

an iron or earthenware retort, which is set over a suitable fire, and

the heat raised gradually, and kept up, until the whole of the mer-

cury has passed over. The mercury which passes over is collected

either in the neck of the retort, or a receiver fitted for that purpose,

such as a glass flask kept cool by affusion with water. When but a

small quantity is operated upon (say 150 to 200 grains), it is most

convenient to use a glass retort, or bent tube retort, heating it gra-

dually over a charcoal fire, taking care to keep the upper part so hot,

that no metallic mercury may adhere to it. It must be heated nearly

to the melting point of the glass, and until all the mercury has

come over.
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When the operation is finished, the neck is cut off, weighed,
the mercury detached, and weighed again : the loss of weight is the

amount of mercury. Or the metal may be detached by means of a

feather, and allowed to fall into a basin of water, which, if heated for

a few seconds, will cause the mercury to collect into one globule :

the water may be decanted, and the mercury dried at the ordinary

temperature, and weighed.

The mercury wholly condenses in the neck of the retort, under

the form of a metallic dew. Some may by chance pass off; but in

order to prevent such an occurrence, the beak of the retort is plunged
into water, or a small dossil of linen, moistened with water, intro-

duced into the neck, the end of which is plunged into water, by
which means the neck of the retort is kept constantly cool, and the

mercury is found deposited on the linen, from which it may be de-

tached by shaking in water.

When large quantities of substances containing mercury are ope-
rated upon, it is necessary to heat very strongly towards the end, in

order that the centre of the mass may receive a sufficient amount of

heat to effect its decomposition. Naked glass retorts cannot be

used
; and either coated glass or porcelain retorts must be employed .

In the large way, as in the distillation of amalgams, &c. cast iron

retorts are used.

As before stated, all substances containing mercury, either in its

metallic state or as oxide, are distilled without addition, but with the

others it is necessary to employ some reagent, which will separate

and retain the sulphur, selenium, &c. ; which reagent may be a

metal, as iron, copper, or tin
; or black flux, or a mixture of quick-

lime and charcoal : iron filings are most often used. For cinnabar

about 50 per cent, of iron filings is required, in order to prevent

any of it being sublimed ; the true quantity required is only about

24 per cent., but an excess is necessary, in order, as before stated,

to prevent loss : 50 per cent of iron filings may be employed for the

seleniurets, &c. When black flux is used, from about 50 to 70 per

cent, is employed. Caustic lime may be employed in the proportion

of 30 per cent, mixed with 30 per cent, its weight of charcoal. After

the ore to be assayed is carefully mixed with any of the above fluxes,

it is always advisable to cover it, when in the retort, with a thin

layer of the flux employed, in order to avoid all chance of any

,loss.

Assay for the Amount of Cinnabar in an Ore, The ore to
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be assayed is distilled, without addition, in a glass retort, and the

sublimed cinnabar collected and weighed. The ores containing mer-

cury combined with sulphur are often mixed with bituminous matters

and carbonate of lime : then, when an assay is to be made for cin-

nabar, it often happens that a portion of it is decomposed, either

by the carbon present, or by the aid of the bituminous matter

and lime, and a little metallic mercury is driven off with the

cinnabar. In this case, having weighed the mixture of cinnabar and

mercury, the mixture is treated by nitric acid, which dissolves only
the latter, and pure cinnabar remains, whose weight is taken, and

the quantity of mercury dissolved ascertained by the difference ; and

from that the quantity of cinnabar calculated which that quantity of

mercury would yield. Every 86 parts of mercury furnish about 100

of cinnabar.

If the gangue of the ore be fixed in the fire, the assay may be

made by mere calcination, and the loss of weight will corre-

spond either to the metallic mercury, oxide, or sulphuret it may
contain.

CHAPTER XIX.

ASSAY OF PLATINUM.
JJK'

PLATINUM is only found in the native or metallic state. As far as

our present experience has gone it occurs very rarely ; yet it is ex-

ceedingly probable that wherever gold is found this metal will more

or less accompany it.

It is found disseminated in sand in the form of grains varying

in size from gunpowder to hempseed : this last size they rarely

exceed; yet, as in the case of gold, pepites or nuggets have

been found of large size and weight. Its colour is steel grey,

or rather a tinge between silver white and steel grey.

The sands from which platinum is derived are remarkable from

the number and importance of their principal constituents. With

the platinum may be found gold, silver, mercury, iron, copper, chro-

mium, titanium, iridium, osmium, rhodium, and palladium. Besides

all these metals, precious stones have also been found associated

with it.
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Analysis of Platinum Ores. The following is the method pro-

posed by Berzelius. The operator first separates mechanically the

particles of ore which differ in appearance. All those which are

attractable by the magnet are next removed. Independently of the

spangles of metallic iron which were first detected by Osann, the

platinum sands often contain metallic compounds of iron and pla-

tinum, not only capable of being attracted by the magnet, but pos-

sessed even of polarity. These grains have a different composition
from those not magnetic, as shown in the two following analyses by
Berzelius.

Analysis of the non-magnetic grains :

Platinum . ^.r Y 78*94

Iridium Y .->Y.,- . . 4*97

Ehodium . f . Y '86

Palladium . . . . '.' -28

Iron . ^ ; , ...; '. ., 11-04

Copper . . . . -70

Osmiuret of Iridium I
in Srains "> r00

) in scales . -96

98-75

Analysis of the magnetic grains :

Platinum .' ; .-
-

. 73.53

Iridium ;
'

\.\ . . 2'35

Ehodium : '/ , . 1*15

Palladium . . .^ - . '30

Iron.. ,1 . . . 12-98

Copper .... 5-20

Insoluble matters . . . 2-30

97-86

These grains being separated, their relative proportion is esti-

mated.

The ore is to be treated with diluted hydrochoric acid. The object

of this is to free it from the coating of peroxide of iron with which

it is often covered, and to dissolve the metallic iron. The quantity

of iron separated from the ore in this manner is to be estimated.
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The ore must not be ignited until it has previously been weighed ;

for during the ignition it generally acquires a coating of peroxide of

iron, and a consequent increase of weight. It is sufficient to dry it

upon a hot sand-bath.

The operator must not employ, too large a quantity of the ore for

analysis. Berzelius thinks about 30 grains is the best quantity.

Sometimes, however, when the object is to determine with great

accuracy the quantity of a constituent which occcurs, but in a very

small relative proportion, a larger quantity of the ore must be dis-

solved; but, in such a case, every other constituent is to be

neglected.

BerzeJius determines the solution of the weighed metal by aqua

regia, in a glass retort furnished with a receiver, which is kept

constantly cool. The acid distilled over during the solution is

yellow, which colour does not proceed merely from the presence

of chlorine, but from the constituents of the solution which are

carried over mechanically.

The acid is distilled until the liquid has a syrupy consistence,

and congeals on cooling. The saline mass so formed is dissolved

in the smallest possible quantity of water, and the solution is

poured off with all due precaution. The acid distilled over into

tiie receiver is poured upon the undissolved portion of the ore in

the retort, and again distilled. The second distillation generally

effects the complete solution of the platiniferous matter.

If the distilled liquor be not colourless it must be returned into

the retort and redistilled. The residue must be evaporated to a

syrupy consistence as before, and treated with water. The distilled

liquid generally contains a small portion of peroxide of osmium, of

which a part is lost by the redistillation ;
its quantity, however, is

in general very small.

The colourless distilled liquid is diluted with water, and satu-

rated either with ammonia or with hydrate of lime. The acid,

however, must remain a little in excess. The object of this satu-

ration is to prevent the decomposition of the sulphuretted hydro-

gen gas, with which the solution is afterwards to be precipi-

tated.

The precipitation is to be made in a flask which can be closely

stopped, and of such a size as to be nearly filled with the solu-

tion. When the solution contains free hydrosulphuric acid, the

flask is stopped, and left to itself until it is perfectly bright, which
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will be iii about two days. The clear liquid is removed by a

pipette, and the sulphuret of osmium collected in a weighed filter, in

which it is washed, dried, and weighed. According to theory the

resulting sulphuret of osmium should contain 60*6 per cent, of that

metal ; but it is not obtained free either from moisture or excess of

sulphur : it is also slightly oxidised during the process of drying.

According to some experiments made by Berzelius with weighed

quantities of this substance, it appears that the sulphuret of osmium

obtained by the operation just described contains from 50 to 52 per

cent, of osmium. In general, however, the quantity of osmium is so

small, that an error of a few hundredths in the reckoning of the

quantity of osmium contained in this preparation is of no importance

in regard to the analysis.

Eespecting the metallic solution from the retort, it sometimes

happens that after the saline mass has been dissolved in water, it

smells slightly of chlorine.

This happens through the decomposition of a portion of the chlo-

ride of palladium. The solution must be allowed to digest until it

no longer smells of chlorine. If the solution became troubled dur-

ing the digestion, a portion of oxide of palladium is precipitated,

which must be redissolved. The solution is filtered through a

weighed filter, upon which is collected that portion which is undis-

solved. This portion consists of grains of osmiuret of iridium, of

spangles, of the same alloy, and of grains of sand, which could not

be separated mechanically before the analysis. Sometimes, in addi-

tion to these, a black powder is found, which has the appearance of

charcoal, and capable of passing through the filter during the wash-

ing of the other grains. This is peroxide of iridium, and is due to

the presence of too much nitric acid in the aqua regia. As this

occasions much extra work in the analysis, an excess of hydrochloric

acid must be employed in making the aqua regia.

The filtered solution is now mixed with twice its bulk of alcohol,

specific gravity *833 ;
so that the mixture may contain about 60 per

cent, of its volume of alcohol. A very concentrated solution of

chloride of potassium is now added, as long as it determines any

precipitate.

The precipitate consists of the double chlorides of potassium and

platinum, and of potassium and iridium, contaminated with that of

rhodium, and a little of that of palladium.

The precipitate lias a fine lemon yellow colour when it is free
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from iridium ; but when iridium is present it presents all shades,

from deep yellow to cinnabar red.

It is placed upon a filter and washed with a mixture of alcohol

(containing about 60 per cent, of anhydrous alcohol) and a small

proportion of concentrated solution of chloride of potassium. The

precipitate must be washed until the liquid passing through gives

no precipitate with sulphuretted hydrogen.

The analysis is now divided into two distinct parts. The exa-

mination of the washed precipitate A, and treatment of the alcoholic

liquid B.

A. The washed salt is dried, and carefully mixed with an equal

weight of carbonate of soda. The filter, with that portion of the

precipitate which it is impossible to separate from it, must be burnt,

and the ashes mixed with a little carbonate of soda, and added to

that mixed before. The whole is very gently heated in a porcelain

crucible, until the mass is black through and through.

By acting thus the double salts are decomposed, and the pla-

tinum, whose oxygen passes away with the carbonic acid, is reduced.

The rhodium and iridium meanwhile become oxidised, and remain

in such a state as to permit of their separation from the platinum

by solution.

When, instead of following the process just recommended, the

precipitation of the double salts is effected by muriate of ammonia,

the heating of the precipitate in a crucible not only reduces the

platinum, but the rhodium and iridium also; so that on treating

the heated mass with aqua regia all three are dissolved.

The heated saline mass is washed with water until the greater

mass of the saline contents is dissolved; diluted hydrochloric acid

is then added to the remainder to extract the alkali, combined

with the oxides of iridium and rhodium. The mass is washed,

dried, and ignited. The filter may be burnt, and an allowance

made for the weight of the ashes
;
but it is to be noted that the

filter must be burnt by itself, lest the metallic oxides be reduced.

The mass is afterwards weighed.

When this is done the mass is mixed with five or six times its

weight of bisulphate of potash, and fused in a platinum crucible.

During the ignition the rhodium dissolves, and its solution is ac-

companied by an evolution of sulphurous acid gas. The platinum
crucible must be kept closed during the ignition, by a cover which

fits well, to check the too rapid volatilization of the acid. As
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soon as the saline mass becomes fixed and crystalline at the surface

when the cover is removed, the crucible must be taken from the

fire and cooled. The salt is then dissolved in boiling water, and

the undissolved residue is treated again with bisulphate of potash.

The melted salt is red and transparent when it contains but little

rhodium, but appears dark and black when it is nearly saturated

with the metal. So long as the salt continues to receive colour,

the re-melting must be repeated.

In order to avoid in analysis the employment of too large a quan-

tity of bisulphate of potash, the operator may supply sulphuric acid

as follows. When the bisulphate of potash appears to have lost the

greater part of its free acid, weighed portions of the distilled sul-

phuric acid may be added to the mixture, the whole cautiously

heated until the water of the acid be expelled, and the fusion there-

upon be continued.

The quantity of rhodium can be determined by two methods.

According to the first, the undissolved platinum is washed, ignited,

and weighed, and the quantity dissolved is equal to the peroxide of

rhodium, which contains 71 per cent, of metal; or the washings

which contain the rhodium are supersaturated with carbonate of

soda, evaporated to dryness, and ignited in a platinum capsule. If

the mass be now acted on by water, peroxide of rhodium will re-

main. It may be collected in a filter, washed, dried, ignited, and

finally reduced, by means of hydrogen gas. The resulting metal is

weighed. The rhodium thus obtained sometimes contains palladium.

This is extracted by aqua regia. The solution of palladium is then

neutralized and precipitated by cyanide of mercury : the precipitate is

to be washed, dried, and ignited. The residual masses metallic palla-

dium, which may be weighed.

After the separation of the rhodium, the metallic mass is treated

with very weak aqua regia, by digestion with which pure platinum
is dissolved. The solution has a very deep colour, which is owing
to the peroxide of iridium in suspension ; but when it has become

bright by deposition it has a pure yellow colour. It is then de-

canted, and concentrated aqua regia} mixed with chloride of sodium,

poured upon the residue. The solution is now evaporated to dry-

ness. The addition of the chloride of sodium is to hinder the

production of proto-chloride of platinum. A small quantity of

iridium is dissolved in the very concentrated acid ; but, if it were not

used, a considerable portion of platinum would remain mixed with

the iridium.
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When the dry mass is acted on by water, peroxide of iridium

remains unacted upon. If it were washed with pure water to dis-

solve out all the platinum, it would be carried through the pores of

the filter ; to prevent which a dilute solution of chloride of sodium

must be employed ; and to remove the least traces of that, solution

of muriate of ammonia is used. The filter is now to be burnt,

and the peroxide of iridium remaining, with its ashes, reduced to the

metallic state by a current of hydrogen gas, and weighed.

The solution of chloride of sodium containing a small quantity of

iridium is mixed with carbonate of soda, dried, and ignited. The

product, freed from soda salts by water, and from platinum by weak

aqua regia, leaves peroxide of iridium, which must be reduced to

the metallic state, and added to that already obtained.

In order to arrive at the weight of platinum, the operator must

deduct the weight of the peroxide of rhodium from the united weight

of the peroxide of rhodium, peroxide of iridium, and platinum. He
must then add to the weight of the iridium obtained 12 per cent, of

the weight of that metal, to produce the weight of peroxide of iridium

which must be deducted from the weight of the platinum.

The reduction of the platinum from its solution would only in-

crease the length of the operation, without adding anything to its

accuracy.

B. Treatment of the Alcoholic Solution. This solution is

poured into a flask capable of being well stopped, and sulphuretted

hydrogen passed in unto saturation. It is then stopped, and allowed

to remain at rest for twelve hours in a warm place ; at the end of

which time all its metallic sulphurets will be precipitated. Some-

times the solution is red, owing either to the presence of rhodium or

sesquichloride of iridium.

The solution must now be filtered and evaporated to expel all

alcohol, during which operation a little more metallic sulphuret will

be precipitated, and which must be added to that already obtained.

The mixture of sulphurets thus obtained consists of the sulphurets

of iridium, rhodium, palladium, and copper; while the filtered solu-

tion contains iron, rhodium, iridium, and a trace of manganese.

During the evaporation of the alcohol a greasy-like metallic sul-

phuret, of a disagreeable odour, is deposited, which cannot be washed

out. After the solution has been entirely washed away from this

substance, it can be dissolved by pouring a little caustic ammonia

into the capsule. The solution is now poured into a platinum cru-
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cible, and evaporated to dryness. The moist metallic sulphurets are

then placed in also, and roasted until all sulphurous acid is expelled.

On the cessation of roasting,, concentrated hydrochloric acid is poured

over the mass ; which, owing to the solution of subsulphate of copper

and palladium, is coloured green or yellowish green. Oxide of iridium

and rhodium, with a little platinum, remain unacted upon.

The solution in hydrochloric acid is mixed with chloride of potas-

sium and nitric acid, and evaporated nearly to dryness ; a dark saline

mass is the result, and which is composed of chloride of potassium

and cupreo-chloride of potassium, with palladio-chloride of potassium.

The two first of these salts are dissolved out in alcohol, specific gra-

vity "833, and the palladium salt is placed on a filter washed with

alcohol of the same specific gravity. It contains 28*84 per cent, of

palladium when dried and ignited.

The spirituous solution, which contains the copper salt, is evapo-

rated to get rid of alcohol ; and the contained copper is precipitated,

either by means of pure potash, or by adding sulphuric acid and a

plate of zinc.

That portion of the roasted sulphurets which was insoluble in

hydrochloric acid is fused with bisulphate of potash until it ceases

to become coloured. The mixture, in this case, contains much more

rhodium than the precipitate obtained at the commencement of the

analysis. The residue undissolved by bisulphate of potash, which is

peroxide of iridium with a little platinum, is treated with aqua regia,

and the peroxide reduced by hydrogen gas, as stated in a former

part of the analysis.

The concentrated solution from which the sulphurets were preci-

pitated contains only iron in a state of protochloride, with a small

quantity of iridium and rhodium, with a trace of manganese. It

must be mixed with a proper quantity of nitric acid, and boiled till

the iron is fully oxidised. The peroxide of iron is then precipi-

tated by caustic ammonia, and the precipitate washed, ignited, and

weighed.

This peroxide of iron, however, contains a small quantity of iridium

and rhodium, to separate which, after weighing the peroxide, it must

be reduced by hydrogen gas. The reduced metal is treated with

hydrochloric acid to dissolve iron, and the black undissolved portion

ia collected on a filter, ignited with exposure to air, and weighed ; its

weight deducted from that of the peroxide of iron, previously ob-
'

tained, leaves the quantity of the latter in a pure state. The solu-
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tion, filtered from the precipitate by ammonia, is mixed with carbo-

nate of soda in sufficient quantity to decompose the ammoniacal salts,

and evaporated to dryness. On treating the residue with water, after

a gentle ignition, peroxides of iridium and rhodium remain undis-

solved ; but they are generally too small for separation.

The following plan will serve to detect platinum in admixture with

gold and other heavy matters obtained by washing or vanning sands,

earths, &c. :

Act on a small quantity by mercury, and separate the amalgam :

by this means the gold is removed. To the residue add aqua regia,

and boil ; evaporate the solution to dryness ; add a little muriatic

acid and water ; boil and filter. To the filtered solution add a

strong solution of sal ammoniac (chloride of ammonium). If a

bright yellow, or reddish yellow, granular precipitate falls, platinum
is present in the sand.

A still more ready method is the following : Separate as much

earthy matter as possible by careful washing. If gold is present,

separate that by amalgamation. Dry the residue, and take its spe-

cific gravity : if it be above 10, platinum is most likely present-

The specific gravity of native platinum, free from earthy matter, is

from 16 to 19.

CHAPTER XX.

ASSAY OF SILVER.

ALL argentiferous substances may be divided into two classes,

thus

Class 1. All minerals containing silver, slags, cupel bottoms,

dross, litharge, and other manufacturing products, not alloys.

Class 2. Alloys of silver, either native or otherwise.

Minerals of the First Class.

Sulphuret of Silver.

Cupriferous Sulphuret of Silver.

Antimonial Sulphuret of Silver.
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Arsenical Sulphuret of Silver.

Sulphurets of Silver, Copper, and Antimony.

Sulphurets of Silver, Lead, and Antimony.

Sulphurets of Silver, Lead, and Bismuth.
j ^ j j

> M
Seleniuret of Silver.

Cupriferous Seleniuret of Silver.
'|
UNI V K M 8 T T V

Carbonate of Silver.

Chloride of Silver. CAL1 P(JRN [
Iodide of Silver.

Sulphuret of Silver (Ag S). The property this mineral possesses

of being cut by a knife like lead, and its capability of receiving the

imprint of any hard body, always renders its recognition from other

minerals that are grey like it a very easy matter.

Sulphuret of silver is frequently found crystallised under the form

of cubes, octahedra, and dodecahedra. (See figs. 237, 238,

and 239.)

FIG. 237. FIG. 238. FIG. 239.

Composition of a specimen from Himmelfurst :

Silver .... 13-5

Sulphur .... 86-5

100-0

Cupriferous Sulphuret of Silver (AgS + Cu2S). This is a

shining steel-grey looking mineral, very brittle, and has an imper-

fectly conchoidal fracture. It usually occurs in small compact
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Composition :

Silver

Copper

Sulphur
Iron

100-00

Antimonial Sulphurets of Silver. Dark Red Silver. There

are three varieties of this mineral, thus :

1. Black Antimonial Silver.

2. Red Antimonial Silver.

3. Brittle Antimonial Silver.

Black Antimonial Silver (Sb2S3+ AgS). This is black in

colour, having a semi-metallic lustre. Its fracture is couchoidal,

and it crystallizes in oblique rhomboidal prisms.

Composition :

Silver . . /v- ; 36'40

Antimony . .

*
. . 39 '14

Copper . . V 1*06- -,

Iron ^ . . . '62

Sulphur .... 21-95

99-17

Red Antimonial Silver (Sb2S3 -f-3AgS). This mineral, which

possesses a more or less intensely red colour, is scratched easily by the

knife. Its powder is a fine crimson red colour, which is also appa-

rent on the surface of the solid mineral ; sometimes a very deep red,

sometimes a metallic looking reddish black. It crystallizes in hexa-

gonal prisms, either simple or modified by rhombohedral or dodeca-

hedral summits. All these forms are singularly like those of

carbonate of lime.

Composition :

Silver ....
Antimony

Sulphur . . ...
Earthy matter

Loss ....
100-00
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Brittle Antimonial Silver (Sb2S3 -f 6AgS). This is an iron-

grey metallic looking mineral. It is very brittle and fragile, and its

powder black. Its crystals appear derivable from a right rhomboidal

prism.

Composition :

Silver . . . . . 68-54

Antimony . .
.

. . 14'68

Copper . . . . *,;. "64

Sulphur .

'

. \
"

v . 16-42

100-28

Arsenical Sulphuret of Silver. Light Red Silver (As2S3+
3AgS) . This is a red non-metallic looking mineral, crystallizing in

the rhombohedric system, and derived from a rhombohedron very

nearly allied to that of red antimonial silver. It is brittle, and its

powder is light red.

Composition :

Silver . 'V "'"'. "Y"' . 64-67

Arsenic . . '. . 7, 15'09

Antimony . * . .'- '69

Sulphur . ..' . . 19-51

99-96

Sulphurets of Silver) Copper, and Antimony. These ores are

known as grey copper, Eahlerz, argentiferous grey copper, &c.

They have most generally the physical characters of grey copper,

as already described. The following analyses will give an idea of

their composition : 123
Silver . , 13'4 -83 17'71

Copper . 26-0 38'42 25-23

Iron . . 7-0 1-52 3'72

Zinc . . 6-85 310

Antimony * 27'0 25'27 26'63

Arsenic . W\ ^'26

Sulphur *,.' ^5-5 25'03 23'52

98-9 100-18 99-91

Sulphurets of Silver, Lead, and Antimony. These are in

general the antimonial silver lead ores, more or less rich in the

precious metal.
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Sulphuret ofSilver, Lead, and Bismuth (AgS + 2PbS + 2Bi2S3 ) .

This substance possesses a metallic leaden hue, and occurs

in small crystalline needles. It is brittle, and has an even

fracture.

Composition :

Silver .
\

.
'

. . 15-0

Lead "\
-

'"./ . 33'0

Bismuth . >vy .:-.
'

.
-

, 27 '0

Iron .
'

.
'

,
* /u 4-3

Copper .

'

> ..
. . . 9

Sulphur . ...-. v

'

* . . 16-3

Seleniuret of Silver (AgSe). This mineral occurs in small

hexagonal tables, of a lead-grey colour, and very ductile.

Cupriferous Seleniuret of Silver
(AgSe+ Cu2Se) . Colour lead-

grey, very ductile, and can be cut with a knife.

Composition :

Silver . , * 33-93

Copper . . 28-05

Selenium . . . . 26-00

Gaugue .... 12-02

100-00

Carbonate of Silver. This is a very rare mineral. It has a

blackish-grey metallic appearance, and is very brittle.

Composition :

Oxide of silver .
, * ^ . . 72'5

Carbonic acid .... . . 12-2

Oxide of antimony . . . .15-3

100-0
.

Chloride of Silver, Horn Silver (AgCl). This mineral is re-

markable for its yellowish or greenish colour, its semi-transparency,
and more especially by its softness, which is so great as to allow it

to be marked by the nail. It fuses in a candle-flame, and becomes

covered by a coating of silver when rubbed with a moistened plate

of zinc or iron.

Chloride of silver is rarely found crystalline, although it sometimes
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occurs in cubical crystals ;
it more generally presents itself in small

masses or in thin layers on the surface of metallic silver.

Composition :

Silver 4 N? : ^ ''

;*' . - 75'32

Chlorine . .
.;'

;

.-
'

. 24'67

*

100-00

Iodide of Silver (Agl). A rare mineral, having a whitish aspect

exteriorly and an interior yellowish aspect. Its structure is lamellar.

General Observations on the Assay of Ores and Substances

of Class No. 1.

In order to separate silver from this class of substances, an alloy

of the precious metal with lead must be formed. The different

methods by which this object can be attained are the following :

firstly, fusion with a reducing flux ; secondly, fusion with oxidising

re-agents ; thirdly, scorification.

All substances containing lead in the state of oxide, such as car-

bonates, phosphates, &c., are fused directly with a reducing flux, as

also are slags, old cupels, litharge, &c. All plumbiferous sulphurets,

&c., containing silver, are assayed as for lead by the processes already

pointed out, taking care to follow the method which gives the largest

proportion of lead.

All argentiferous minerals containing copper may be assayed as

copper ores
; because an alloy of copper and silver can be cupelled

by means of lead.

In making assays of silver with lead or copper, it is sometimes

necessary to commence the operation by roasting the ore; under

other circumstances, also, argentiferous matters are roasted.

There is nothing very particular to be observed in this roasting ;

the temperature alone requires attention by managing well at the

commencement of the operation, in order to avoid softening, and

especially to avoid a very rapid disengagement of arsenical vapours,
because a very considerable amount of silver may be lost

cry that

means.

All substances which contain reducible oxides are fused with a

reducing flux, as also those from which charcoal separates metals

which alloy with lead, or metals which do not hinder the pro-

cess of cupellation ;
but it is necessary to add to the reducing flux

a certain proportion of litharge, in order to produce metallic lead,

A A
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with which the silver may alloy. A mixture of metallic lead and

any suitable flux may be substituted for that of litharge and a reducing

flux ; but the latter is preferable, because the lead produced is uniformly

diffused throughout the whole mass of flux, &c., not allowing a

particle of silver to escape its action.

The reducing agent employed in nearly all assays is charcoal,

either in its ordinary state, or as it is found in black flux. Starch

and other analogous substances may be, as before mentioned, sub-

stituted for it : crude argol is, however, the best reducing agent.

The proportion employed must be varied according to circum-

stances, so that the silver-lead produced be not too rich, or that

too great a proportion of lead be reduced. If the silver-lead be

too rich, much of the precious metal may be lost in the slag, and

if too great a quantity of lead be produced, silver is again lost, owing

to the long exposure to the fire during cupellation ;
and indeed this

is the most fruitful cause of loss, for more is lost in this manner

than by having too little lead produced. In order to know the right

proportions, the following data will serve as a guide : 1 part of

charcoal reduces about 30 parts of lead from litharge, and 1 part of

black flux reduces about 1 part of lead.

The fluxes employed in this kind of assay are litharge, black flux,

carbonate of potash or soda, and borax. Litharge is an exceedingly

convenient flux, because it occupies very little room, and fuses with-

out bubbling, producing very liquid scoriae witli nearly every sub-

stance. Experiment has shown that nearly all argillaceous, stony,

and ferruginous substances fuse very well with from 8 to 12 or more

parts of litharge. If from J-
to 1 part of black flux, or -^th to ^-th

of charcoal, be added to 1 of ore, from J a part to 1 part of silver-

lead will be produced.

Black flux is employed in the fusion of all substances containing

a large proportion of alumina, or in which lime is the predominant

substance : from 2 to 3 parts of this flux generally suffice : 1 part

of litharge is added to the assay, which is wholly reduced, producing

nothing but lead.

The carbonates of potash or soda produce exactly the same effects

as the alkali of the black flux. A certain quantity of charcoal must,

in this case, be added to the assay.

Schlutter fuses the poor refuse of goldsmiths' workshops, mixtures

of fragments of crucibles, glass, &c., with 2 parts of carbonate of

potash, when they are very earthy, and with 1 part only when they

contain much glass, adding, at the same time, to the mixture, a little

litharge and granulated lead.
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Borax has, like litharge, the advantage of being an universal flux ;

it is useful especially for the fusion of substances containing much

lime ; but it is necessary to take great care in the assay, in order to

avoid the loss which its boiling up might occasion. This only applies,

however, to its use in its ordinary state ; if previously fused, that

is, used as glass of borax, no particular care need be taken.

FUSION WITH OXIDISING RE-AGENTS.

Litharge. The oxidising agents employed in the assay of argen-

tiferous substances are litharge and nitre. Litharge attacks all the

sulphurets, arsenio-sulphurets, &c., and oxidises nearly all the

elements, excepting silver, when employed in sufficient quantity, and

a quantity of lead equivalent to the oxidisable matters present is

reduced, so that there results from the assay a slag containing an

excess of oxide of lead, and an alloy of lead and silver, very little

contaminated with foreign metals, if no copper be present, and which

can be submitted directly to cupellation. This method of assay is

exceedingly convenient and quick.

The pulverized mineral is well mixed with litharge, and the mix-

ture placed in a crucible, which may be very nearly filled, as there

is scarcely any boiling up when the pot and its contents are sub-

mitted to the fire. A thin layer of pure litharge is placed above the

mixture, the whole is then heated rapidly, and as soon as the

litharge, &c., is completely fused, the crucible is taken from the

fire. It is inconvenient to heat it for any length of time, on account

of the corrosive action litharge has on the substance of the crucible,

which it rapidly destroys.

The proportion of litharge which must be employed depends

upon the nature and quantity of oxidisable matters present in the

ore. It ought in general to be very great, because it is absolutely

necessary that no sulphurous matters be present, so that the slag

may not contain the least trace of silver. But it is known how much

litharge is required to decompose the metallic sulphurets. Pyrites

requires about 50 parts; mispickel, blende, sulphuret of antimony,

copper pyrites, grey cobalt, and grey copper, require from about twenty,
five to forty times their weight. For sulphuret of bismuth 10 are

sufficient, and for galena or sulphuret of silver but 4 or 5 parts need

be employed. The proportion of litharge will not be so great for a

mineral containing much stony gangue as for one entirely metallic.
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Experiment has proved, that the assay of rough schlichs, such as

those treated in the large way by amalgamation, can be made very

exactly with from 10 to 12 parts of litharge.

Alloys of silver with the very oxidisable metals can be assayed by
means of litharge, such as those of iron, antimony, tin, zinc, &c. ;

but

in order to have a successful result the alloys should be reduced to

a very fine state of division, so that they must be at least granulated;
and it is very often necessary to repeat the operation several times on

the fresh alloy of lead produced.
The method of assay just pointed out is inconvenient, on account

of the large quantity of lead it produces ; pyrites giving 8J parts,

copper pyrites and blende 7 parts, sulphuret of antimony and grey

copper about 6 parts, &c. In order to avoid this inconvenience,

part of the oxidation can be performed by means of nitre. Nitre

alone, employed in excess, oxidises all metallic and combustible sub-

stances found with silver, and even, under certain circumstances, a

portion of silver itself; but when the proportion is insufficient to

oxidise the whole, and when the mixture contains at the same time

litharge, after the nitre has produced its action, the litharge acts in

its turn on the remainder of the oxidisable substances, and the

resulting lead carries down the silver set free. So that, by employing
suitable proportions of nitre and litharge, all the silver contained in

oxidisable minerals may be extracted, and any quantity of lead

required may be thus alloyed with it.

As to the requisite proportion of nitre, it can be come at by

practice, aided by the following data. It requires about 2J parts of

nitre to completely oxidise iron pyrites, 1 J for sulphuret of antimony,

and for galena.

This determination can be ascertained at once as follows : fuse 1

part of the mineral with 30 of litharge, and weigh the resulting

button of lead; and having fixed upon the quantity of lead necessary

to carry on the cupellation properly, deduct it from the whole weight

of the button, and the difference will be the amount of lead necessary

to leave the slag in the state of oxide ; and as it has been proved

by experiment that 1 part of lead requires *25 to -30 of nitre, that

is, from 25 to 30 per cent., it is easy to calculate the quantity ne-

cessary to be added.

When the ore contains sulphur, the latter forms with the nitre

sulphate of potash, which swims on the slag without combining with

it.

The assay of silver ores by means of nitre is advantageous and
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useful in a variety of cases. If we wish to determine, for example,

very exactly, the per centage of silver in a poor galena, a large quan-

tity, say J of a pound, must be fused with about an ounce or an ounce

and a half of nitre, and a quarter of a pound of carbonate of soda, or

better still the same quantity of litharge, one of either of which must

be employed to flux the gangue and temper the deflagration. After

the fusion, all the contained silver will be found alloyed with a very

small quantity of lead.

Sometimes the assay is made with a larger quantity of nitre than

is requisite for the oxidation, and when the mixture is perfectly fused

a certain quantity of metallic lead is added, taking care to cover the

whole surface of the mixture, either by using granulated lead or a

convenient mixture of litharge and charcoal, or litharge and galena.

The shower of metallic lead passing through the fluid mass alloys

with all the silver it finds in its passage, and so concentrates it.

This process, however, cannot always be confidently employed.
If an excess of nitre be employed with substances susceptible of

forming peroxides capable of attacking silver, such as some cupreous

substances, the lead added reduces the greater part, but not the

whole of the silver in the ore, so that the assay will not be perfect.

Special Directions for the Crucible Assay of Ores and

Substances of the First Class.

The ores and substances belonging to this class may, for the con-

venience of assay, be further subdivided on the following principle.

It has already been seen that sulphur, and other substances having
a great affinity for oxygen, reduce metallic lead from litharge in

proportion to the amount of reducing matter present ; and as it is

necessary in this kind of assay that no more than a certain quan-

tity of lead alloy should be submitted to cupellation, some kind

of control must be exercised by the assayer, to keep the quantity of

lead reduced in due and proper bounds. This is readily accomplished

by what the author calls a "
preliminary assay," by which all ores

and substances of this class are divided into three sections : Istly,

Ores which, on fusion with excess of litharge, give no metallic lead,

or less than their own weight. 2dly, Those which give their own

weight, or nearly their own weight, of metallic lead. 3dly, Those

which give more than their own weight of metallic lead. The pre-

liminary or classification assay is thus conducted :

Carefully mix 20 grains of the finely pulverised ore (all silver ores

must be passed through a sieve with 80 meshes to the linear inch),
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with 500 grains of litharge; place the mixture in a crucible which it

only half fills ; set the crucible, after careful warming, in a perfectly

bright fire, and get up the heat as rapidly as possible, so as to finish

the operation in a short time, to prevent the action of the reducing

gases of the furnace on the oxide of lead, because, if a great length of

time were taken in the operation, a portion of the lead reduced might

be traceable to the furnace gases, and the result of the experiment

vitiated. After the contents of the crucible are fully fused, and the

surface perfectly smooth, the crucible may be removed and allowed

to cool, and when cold broken. One of three circumstances may
now present itself to the assayer : Istly, no lead, or less than 20

grains, have been reduced ; 2dly, 20 or nearly 20 grains, more or less,

may be reduced ; and 3dly, more than 20 grains may have been

reduced.

Now, as it has been already stated, 200 grains of lead alloy is a

suitable amount to cupel ;
and as 200 grains is the best quantity of

ore to submit to assay, it will be evident that ores and substances of

the second section, or those bodies which give their own weight, or

nearly their own weight, of lead alloy, simply require fusion with a

suitable quantity of litharge and an appropriate flux. Ores of the

first section require the addition of a reducing agent, in quantity

equivalent to the standard amount of lead alloy (200 grains) ;
and

ores of the third section require an equivalent quantity of an oxidis-

ing agent, or an amount of some body which will oxidise the lead in

excess of 200 grains of alloy.

The reducing agent employed is argol; the oxidising agent,

nitrate of potash. It is. necessary, before commencing an assay of a

silver ore, to determine how much lead a given weight of the argol

the assayer has in use will reduce, as also how much lead a given

weight of nitrate of potash will oxidise. These assays are thus

made :

Assay of Reducing Power of Argol. Carefully mix 20 grains

of the argol to be tested with 500 grains of litharge and 200 grains

of carbonate of soda ; place the mixture in a suitable crucible, and

cover with 200 grains of common salt. (It is best to mix two such

quantities, and take the mean of the results.) Puse with the pre-

cautions pointed out in assay of substances of the first class, con-

taining lead.

Weigh the resulting buttons, and take a note of the mean weight,

which will represent the amount of lead reducible by 20 grains of argol.

Assay of Oxidising Power of Nitrate of Potash. Mix 20
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grains of finely powdered nitrate of potash, 50 grains of argol,

500 grains of litharge, and 200 grains of carbonate of soda; cover

with 200 grains of common salt, and fuse as above. Weigh the

resulting button. Now calculate the am' unt of lead which should

have been reduced by 50 grains of argol, and the difference between

that and the amount of lead reduced in this experiment will repre-

sent the amount of lead oxidised by 20 grains of nitrate of potash.

tSO to 32 grains of ordinary red argol reduce about 200 grains of

lead; and 23 grains of pure nitrate of potash oxidise about 100

grains of lead. The assayer must, however, adopt the numbers

found by himself by experiment, as some samples of argol and nitre

are more or less impure. He must also examine every fresh supply
of litharge for the amount of silver it contains, in the following
manner :

Assay of Lithargefor Silver. Mix 1000 grains of litharge with

30 grains (or any other quantity that may be, by experiment, found

requisite) of argol, 200 grains of carbonate of soda, and cover with

salt, as already directed. Fuse the mixture in a suitable crucible ;

allow it to cool ; break and cupel the button obtained, as hereafter

to be described ; take a note of the amount of silver obtained ; and

as 1000 grains of litharge is the standard quantity for a silver assay^

the amount of silver, indicated as above, is to be deducted from the

amount of silver obtained in the assay of any silver ore, until that

quantity of litharge is consumed.

Assay of Ores of the First Section. Make a preliminary assay,

as already described. Suppose 10 grains of lead result ; then, as

20 have furnished 10 grains, so 200 grains of ore would furnish

100 grains of lead, or 100 grains less than the quantity best adapted
for cupellation ; so that, referring to the assay of argol, and finding
that from 30 to 32 grains reduce 200 grains of lead, then it is clear

that the reducing power of from 15 to 16 grains of argol, in addi-

tion to the reducing power of 200 grains of ore, is necessary to

furnish 20'0 grains of lead alloy. In this case the ingredients re-

quired in the actual assay, or "
assay proper," would stand thus

200 grains of ore.

200 grains of carbonate of soda.

1000 grains of litharge.

15 to 16 grains of argol.

These materials are to be thoroughly well mixed, placed in a

crucible which they about half fill, and covered first with 200 grains
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of common salt, and then 200 grains of borax, and submitted to the

fire with the usual precautions : when the flux flows smoothly the

assay is complete; it may be removed and allowed to cool, the

crucible broken, and the button obtained must be hammered into a

cubical form, and should approximate to 200 grains, either more or

less within 10 grains. Two crucibles must always be prepared. It

will also be here convenient to mention that the argol and nitrate of

potash are the only substances whose quantities vary in the assay of

silver ores, the amount of these variations being determined by the

preliminary or classification assay.

Assay of Ores of the Second Section. If the preliminary assay

of the sample submitted to assay furnish from 18 to 22 grains of

lead, then the assay proper may be thus made :

200 grains of the ore.

200 grains of carbonate of soda.

1000 grains of litharge.

Well mixed, and covered with salt and borax as above. Puse with

due care, and reserve buttons of lead alloy for cupellation.

Assay of Otes of the Third Section. If the sample on pre-

liminary assay furnished 40 grains of lead, then the 200 grains em-

ployed in assay proper would give 400 grains or 200 grains of lead

in excess : refer now to note-book for quantity of lead oxidised by

nitre : suppose the nitre pure as just stated, 23 grains will oxidise

100, therefore 46 grains are equivalent to 200, and the assay proper

will stand thus :

200 grains of the ore.

200 grains of carbonate of soda.

1000 grains of litharge,

46 grains of nitrate of potash.

The nitrate of potash to be weighed first, finely pulverised, and then

well mixed with the remaining substances, and covered with salt and

borax. The crucible in this assay must be larger than in the two

preceding cases ;
the mixture should not more than one-third fill

it, as there is a considerable action set up between the oxygen of the

nitre, and the sulphur or arsenic, or any other substance that may
be the reducing agent in the ore; for in fact the nitre does not

directly oxidise the lead, which sulphur, &c. might have reduced,

but oxidises its equivalent quantity of sulphur, or whatever other

reducing substance there may be in the ore, so as only to leave a
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sufficient amount to reduce 200 grains of lead, in lieu of the 400 as

indicated by preliminary assay, or when the reducing power of

the ore was allowed to come into full play. The buttons obtained

in this case are also to be reserved for cupellation.

Scarification. Scorification has, like fusion with litharge, the

effect of producing an alloy of lead capable of cupellation, and a very

fusible slag composed of oxide of lead, and all the matters foreign to

silver, converted into the state of oxide. In the crucible assay as just

described the oxidation of these substances takes place by the action

of the litharge, which furnishes at the same time by its reduction the

lead necessary to form the alloy, whilst in scorificatiori all the substances

susceptible of oxidation are oxidised in the roasting by means of the

oxygen of the air, and the litharge itself is produced by the oxidation

of part of the lead mixed with the ore to be assayed.

Tn this operation vessels termed scorifiers (seepage 113) are em-

ployed. They are heated in the muffle of the cupelling furnace, and

as many assays may be made at one time as the muffle holds scorifiers.

Before introducing the scorifiers into the muffle, a given weight of

the ore reduced to powder is mixed intimately with a certain quantity

of granulated lead, and placed in each. They must then be heated

gradually for about a quarter of an hour, with the door of the muffle

closed, in order to fuse the lead
;
then diminish the heat, and allow

access of air by opening the door. The current thus established in

the muffle soon causes the commencement of the roasting ; and this

roasting goes on without its being necessary to continually agitate

the mass, as in the case of pulverulent substances.

During the oxidation, a slag is formed on the fluid metal, which is

thrown towards the edges, and which, by continually augmenting
last entirely covers the bath. This slag, which is often solid at the

commencement, becomes softer and softer, and at last becomes per-

fectly fluid
; because, in proportion to the advance of the operation,

the proportion of oxide of lead continually increases. When it is

judged that the scorification has been carried far enough, the melted

matter is stirred with a rod of iron, in order to mix with the mass

the hard or pasty parts attached to the bottom or sides of the scorifier.

The fire is then urged so as to completely liquefy the slags. It may
be ascertained when they are sufficiently fluid by plunging into them

a red hot iron rod, which must only be covered with a slight coating,

capable of running off, and not solidifying into a drop at the end.

This condition of liquidity is indispensable, in order to enable the

metallic globules to unite into a single button. When this end is
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not attained, it is because the scorification has not been carried

sufficiently far ; or, because a sufficient quantity of lead has not been

added to form the flux, in which case a fresli quantity must be added,

or, what is preferable, the assay recommenced with larger proportions.

When the operation is finished, the scorifier must be removed,

and its contents immediately poured into a circular or hemispherical

ingot mould (see fig. 195, page 198). The metallic particles fall to

the bottom, and as the cooling proceeds they form a button covered

by the slag, which is readily detachable by a blow of a hammer : it ought

to be very homogeneous and vitreous, and its colour varying from

brown to greenish.

It is always advisable to examine it, and ascertain if it contain

metallic glotiiles. The button ought to be as ductile as ordinary

lead ; if not it cannot be cupelled, and must be submitted to a fresh

operation. It is in general advantageous to push the scorification to

its greatest extent, because experiment has proved that less silver is

lost than when a large button is cupelled. Nevertheless, there is a

limit, because if the silver-lead produced be too rich, the least loss in

the shape of globules would cause a notable one in the silver.

Besides, as litharge exercises a very corrosive action on earthy

matters, if the scorification be continued for a great length of time

it sometimes happens the vessel is pierced, and the assay has to be

recommenced. The button of lead remaining ought to weigh about

200 to 300 grs., when the ores treated are of ordinary richness. The

length of time a scorification takes is from half an hour to an hour.

The scorifier can be rendered less permeable to the litharge by being

rubbed inside with chalk or blood, better still red ochre.

There may be distinguished three distinct periods in the operation,

viz. the roasting, the fusion, and the scorification. At first a strong

fire is employed ;
but the doors of the furnace are opened as soon

as the mixture is fused. The mineral, being specifically lighter than

the lead, is then seen floating on its surface, or forming masses in it ;

the roasting then commences, and from the appearance of the vapours

the nature of the combustible matter it contains may be judged.

Sulphur produces clear grey vapours ; zinc, blackish white vapours,

and a brilliant white flame ; arsenic, whitish grey vapours ; antimony,

fine red vapours, &c. When no more fumes are seen, the mineral

has disappeared, and the fused lead perfectly uncovered, the roasting

has terminated : this generally requires from eighteen to twenty

minutes. At this time the fire is urged, so as to cause all the sub-

stances in the scorifier to fuse. It can be ascertained that the fusion
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is complete, by the following signs : at the instant the muffle is

opened, the button becomes whitish red, with a greyish black band,

and there arise from the melted mass clear white fumes of lead, and

the slag appears like a ring encircling the metal. The third period

then commences : the furnace is cooled, as in the roasting, and the lead

is allowed to scorify until it is entirely covered with fused oxide :

this last period generally lasts about fifteen minutes. The fire is then

increased for about five minutes, and the contents of the scorifier

poured into the mould.

The process of scorification is applicable to all argentiferous mat-

ters, and is at the same time the most exact method of assay, as also

the most convenient, when a large number of assays are required at

the same time, because they are entirely executed in the muffle,

which, with most assayers, is generally hot : it, however, requires a

greater number of vessels, as cupels, &c.

When the silver ores are stony, the oxide of lead formed during

the roasting combines with the gangue, forming a fusible com-

pound, whilst the remaining lead alloys with the silver. When the

ores are metallic, the oxidisable bodies absorb oxygen from the

atmosphere; and the oxides so formed combine with the litharge

produced at the same time, forming a compound which becomes

very fusible in proportion as the oxide of lead increases; and if

the scorification has not been pushed sufficiently far, the button will

contain, besides silver and lead, a little copper, which will not, how-

ever, interfere with the cupellation. There is this one peculiarity

about scorification, that however small the proportion of lead may be

that is used, at the end of the operation the slag does not contain

any oxysulphuret. Por instance, even when oxysulphurets are pro-

duced in the course of scorification, they are completely decomposed
in the roasting, and in consequence it is very rarely that the slag

retains any proportion of silver ;
and as to the proportion of lead

employed, only just enough to render the slag liquid, and to produce

sufficient lead for cupellation, is necessary.

It is different, however, when the sulphurets and arsenio-sulphu-

rets are assayed by means of litharge; for from 80 to 50 parts

of that substance must be employed to prevent the scoriae retaining

any silver, or, as already pointed out, the addition of a certain pro-

portion of nitre.

All scorifications may be conducted by the simple addition of lead ;

but it has been proved that the operation proceeds more quickly, and

with less danger to the scorifier, when borax is employed. This salt
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dissolves the oxides in proportion as they are produced, as also the

gangues, and forms a very liquid slag from the commencement of

the operation, which does not happen when lead alone is used, be-

cause litharge, which can alone cause the fusion, is not present in

the slag in sufficient proportion, but at a very advanced stage of the

operation.

When the slag is liquid at the beginning of the operation (as

occurs in the use of borax), it is continually thrown on the sides of

the scorifier, and forms a ring on the surface of the bath, leaving in

the centre the metallic substance, having a considerable extent of

surface, which is continually diminishing.

The current of air being thus directly in contact with the fused

metals, rapidly causes their oxidation, which does not take place

when the semifluid substances float here and there on the metallic

bath. The proportion of lead and borax necessary for a scorification

varies exceedingly, according to the nature of the substance under

assay, and ought to be greater in proportion as the substances, or

resulting oxides, are difficult of fusion. In ordinary cases ] 2 parts

of lead, and 1 of glass of borax, are employed ;
but sometimes 32 of

lead, and 3 of borax, are required. A large proportion of borax is

useful, especially when the substances contain much lime, oxide of

zinc, or oxide of tin.

Instead of borax, glass of lead may be employed. It nets as a

flux on silica ;
but its action is much less effective than that of

borax.

There are some substances which scorify with a small proportion

of lead. Thus, for galena and sulphuret of copper, '2 parts of lead

suffice; but 8 parts are required for ores which contain much

gangue.

Antimoniuret of silver can be scorified with 8 parts of lead ; but

according to experiments made in the Hartz, it appears that the slag

retains about -i4-o-th of silver; with 16 parts of lead -s^uth of fine

metal is still lost; but with 3 of borax and 16 of lead not the

slightest trace remains in the slag.

It is very difficult to separate tin and silver by the dry way.

The best method is to roast the alloy in a scorifier, adding to it

1 6 parts of lead and 3 of borax at least, and operating as before

described.

Speiss very nearly always contains silver, and is one of the most

difficult substances to assay. If nickel be present, the button can-

not be cupelled. Generally, speiss may be scorified with 16 parts of
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lead ; and the same operation is gone through twice or thrice, add-

ing each time a fresh quantity of lead. The operation would pro-

bably succeed by roasting the speiss in the scorifier before adding

the lead.

Special Instructions for the Scarification Assay of Ores of the

First Class. This mode of assay has an advantage over the crucible

assay just described, inasmuch as if properly conducted no preliminary

assay is required : but this is greatly counterbalanced by the fact that

not more than 50 grains of ore can be operated on in one scorifier, and

that gcod or trustworthy results cannot be obtained by this method

unless four scorifiers are employed for each assay, so that in all 200

grains of ore may be employed. There are thus employed four

scorifiers to three crucibles, and four cupels to two cupels ; as in one

case four buttons are to be submitted to cupellation, and in the other

only two. When very rich copper ores, however, have to be assayed

for silver, the plan by scorification is very useful, as in the crucible

operation much copper is reduced with the lead, so as to require a

very large quantity of lead for its conveyance as oxide into the cupel

This class of assay will however be particularly noticed under the

head Assay of the Alloys of Silver.

Assay in Scorifier. Weigh out 300 grains of granulated lead,

place them in a scorifier, then add 50 grains of pulverized fused

borax, and 50 grains of the ore to be assayed, well mix them in the

scorifier by aid of a spatula, and cover the mixture with other 300

grains of granulated lead : prepare in this way four scorifiers, place

them in the muffle with the tongs b, page 97, Fig. 194, and carefully

watch them with all the precautions before pointed out : when

the surface of the metal is quite covered with fused oxide, pour the

contents of each scorifier into one of the hollows of the mould

depicted at page 98, fig. 195. When the mass of slag and metal is

cold, separate the latter from the former by means of the hammer

and anvil, hammer the metal into the form of a cube, and reserve it

for cupellation.

Assay of Substances of the First Class admixed with Native

or Metallic Silver. The same kind of calculation is necessary in the

assay of ores as above, as in the case of copper ores containing

metallic copper (see pp. 255-6). The sample must be carefully

weighed. Suppose it to weigh 2500 grains. It must be pulverised,

and as much as possible passed through the sieve with eighty meshes

to the linear inch. It will be thus divided into two parts : the one

passing through the sieve is mineralised silver, that is, silver ore of
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various kinds mixed with earthy matter, and a very small quantity of

metallic silver which has been sufficiently divided to pass through a

sieve of such a degree of fineness ; the other, impure metallic silver,

which has been unable to pass through the sieve. The weights of

both portions are carefully taken, and thus noted

Rough metallic silver . . . 5 '07 grs.

Ore through sieve . . . 2494 '93 "

Total weight of sample . . 2500 '00 "

Assay the ore which passed through the sieve as already directed,

and the rough silver as directed under the head assay of silver alloys.

Note the quantity of silver obtained in each experiment. Thus :

suppose 200 grains of ore yielded 2 grains of fine silver, and

the 5*07 grains of rough silver 4 grains of fine silver by cupel-

lation, the number of ounces of fine silver in the ton is thus

calculated.

On referring to Table III., page xlv. in Appendix, it will be

found, that if 200 grains of ore yield 2 grains of fine silver, ] ton

will yield 326 oz. 13 dwts. 8 grs. of fine silver; so that the average

produce of the ore is the above amount.

Then, if 5 '07 grains of rough silver yield 4 grains of fine silver,

200 grains would yield, by calculation, 159*763 grains of fine silver.

Thus

= 159*763
5-07

Now, by referring to Table III. in the Appendix, it will be found

that 159 grains of fine silver give 200 grains of ore, =25,970 ounces

per ton; and that '763 grains of fine silver give 200 grains of ore,

= 124 oz. 12 dwts. 11 grains: therefore, the 5'07 grains of rough
silver contain after the rate of 26094 oz. 12 dwts. 11 grs. per ton.

Thus

25970 oz.-f 124 oz. 12 dwts. 11 grs.
= 26094 oz. 12 dwts. 11 grs.

Thus we have
oz. dwts. grs.

Average produce of ore . . . 326 13 8

Average produce of rough silver .26094 12 11

per ton of 20 cwts.
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Then, as in the case of the copp?r, multiply the weight and pro-

duce of each portion together, add the resulting total products, and

divide the sum by the weight of the sample. For this purpose it is

better to reduce the pennyweights and grains to their decimal values.

Thus 13 dwts. 8 grs. is nearly equal to '67 of an ounce, and

12 dwts. 11 grs. to '62 of an ounce; therefore the quantities above

will stand thus 326*67 oz., and 26094*62 oz.

Then 326'67 x 2494-93= 815018'7831

and 26094-62 x 5'07=r 1322967234
and 815018-7831 +132299-7234 Q7Q=o7o-y oz.

2500

or 378 oz. 18 dwts. (nearly) per ton of the original sample, before

pulverising and sifting.

In every case of assay yet described, it may be mentioned that if

the sample contained gold, the whole of that metal will be found

with the silver, as obtained by cupellation, and may be separated as

stated under the head Gold Assay.

Cupellation. Cupellation is one of the most ingenious opera-

tions that can be imagined ; it has been known from time imme-

morial, has many characters in common with scorification, and is

effected in nearly the same manner. Like that, it has for its end the

separation of silver and gold from different foreign substances, by
means of lead ; but it differs in this, that the scorise produced are

absorbed by the substance of the vessel named a cupel, in which the

operation is made, instead of remaining on the melted metal, the

latter remaining uncovered and in contact with the air, so that the

extraneous metals are not only oxidised, but also all the lead ; and

there remains nothing but the pure metals, silver and gold, or an

alloy of them in the cupel.

Cupellation requires, as an indispensable condition, that the slag

should have the property of penetrating and soaking into the body
of the substance forming the cupel ; it is, therefore, applicable to a

certain number of substances, and not to all, like scorification. The

oxides of lead and bismuth, in a state of purity, are the only oxides

which possess the property of soaking into the cupel ; but by the aid

of one or the other, various oxides which by themselves form infu-

sible scorise on the cupel acquire the property of passing through
it : so that, on making a cupellation, it is necessary to fuse the

substance with a sufficient proportion of lead or bismuth, so that the

oxides they produce may combine with the oxides of all the foreign
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metals produced in the operation, and carry them into the body of

the cupel.

This proportion varies with the nature of the substances cupelled,

and to other circumstances. The quantity required in ordinary cases

will be mentioned hereafter.

The cupels, or porous vessels in which the operation is made,

ought to have a sufficiently loose texture to allow the fused oxides to

penetrate them easily, and at the same time to possess sufficient

solidity to enable them to bear handling without fracture; and,

moreover, they ought to be of such a nature as not to enter into

fusion with either oxide of lead or bismuth.

The following is the method in which an ordinary cupellation is

conducted : The furnace being heated, the bottom of the muffle is

covered with cupels, placing the largest towards the end
;
and if

they are required to be heated as quickly as possible, they may be

placed topsy-turvy, and turned, at the instant of use, by means of

the tongs. When the interior of the muffle is reddish white, the

matters to be cupelled may be introduced. When the cupels have

been placed in their proper position, great care must be taken from

the commencement to blow out of them all cinders, ashes, and other

extraneous substances, which may have fallen into them

The substance to be cupelled is sometimes an alloy, which can pass

without addition, and sometimes a compound, to which lead must

be added. In the first case, the alloy is laid hold of by a small pair

of forceps, and deposited gently in the cupel. In the second case,

the substance to be cupelled is enveloped in a sheet of lead of suitable

weight, and placed, as before, in the cupel ;
or the necessary quan-

tity of lead may be first placed in the cupel, and when the lead is

fused, the substance to be cupelled added, taking care not to agitate

the melted mass, and cause loss by splashing. If the substance to

be cupelled is in very small pieces, as grains or powder, it must be

enveloped in a small piece of blotting paper, or still better, in a piece

of very thin sheet lead, giving it- a slightly spherical form, and

dropping it gently into the mass of molten metal in the cupel.

Sometimes the substance is gradually added, by means of a small

iron spoon ;
but it is preferable to use paper, or thin lead, as just

recommended.

When the cupels are filled, the furnace is closed, either by the

door or by pieces of lighted fuel, so that the fused metals may
become of the same temperature as the muffle. When this point

has been gained, air is allowed to pass into the furnace ;
the metallic
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bath is then in the state termed uncovered ; that is, it presents a

convex surface, very smooth, and without slag. When the air

comes in contact with it, it becomes very lustrous, and is covered

with luminous and iridescent patches, which move on the surface,

and are thrown towards the sides. These spots are occasioned by

the fused oxide of lead which is continually forming, and which,

covering the bath with a very thin coating of variable thickness, pre-

sents the phenomenon of coloured 'rings.

The fused litharge, possessing the power of moistening (so to speak)

the cupel, is rapidly absorbed by it when sufficiently porous, so that

the metallic alloy is covered and uncovered every instant, which

establishes on its surface a continual motion from the centre to the

circumference. At the same time a vapour rises from the cupels

which fills the muffle, and is produced by the vapour of lead burning

in the atmosphere. An annular spot is soon observed on the cupel

around the metal, and this spot increases incessantly until it has

reached the edges.

In proportion as the operation proceeds, the metallic bath of

silver-lead diminishes, becoming more and more rounded; the

shining points with which it is covered become larger, and move

more rapidly ; lastly, when the whole of the lead separates, the

button seems agitated by a rapid movement, by which it is made to

turn on its axis ; it becomes very lustrous, and presents over its

whole surface all the tints of the rainbow : suddenly the agitation

ceases, the button becomes dull and immoveable, and after a few

instants it takes the look of pure silver. This last part in the ope-

ration of cupellation is termed the brightening, figuration, or

coruscation.

If the button be taken from the muffle directly after the bright-

ening, it may throw off portions of its substance; this must be

avoided, especially when the button is large. The button, when

covered by mammellated and crystalline asperities, is said to have
"
vegetated." The cause of this effect seems to be, that when the

fused buttons are suddenly exposed to the cold air, the silver solidifies

on the surface, whilst that in the interior remains liquid. The solid

crust, contracted by cooling, strongly compresses the liquid interior,

which opens passages for itself, through which it passes out, and

around which it solidifies when in contact with the cool air. But
it sometimes happens that, when the contraction is very strong, a small

portion of the silver is thrown off in the shape of grains, which are lost.

After brightening, the cupels must be left for a few minutes in

BB
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the furnace, and drawn gradually to the mouth, before they are

taken out, so that the cooling may be slow and gradual. These

precautions are nearly superfluous when the buttons are not larger

than the head of an ordinary pin.

As silver is sensibly volatile, it is essential, in order that the

smallest possible quantity be lost, to make the cupellation at as low

a temperature as may be. On the other hand, the heat ought to be

sufficiently great, so that the litharge may be well fused and absorbed

by the cupel ; and, moreover, if the temperature be too low, the

operation lasts a very long time, and the loss by volatilization will

be more considerable than if the assay had been made rapidly at a

much higher temperature.

Experience has proved that the heat is too great when the cupels

are whitish, and the metallic matter they contain can scarcely be

seen, and when the fume is scarcely visible and rises rapidly to the

arch of the muffle. On the contrary, the heat is not strong enough

when the smoke is thick and heavy, falling in the muffle, and when the

litharge can be seen not liquid enough to be absorbed, forming

lumps and scales about the assay. When the degree of heat is suit-

able the cupel is red, and the fused metal very luminous and clear.

In general it is good to give a strong heat at the commencement,

so as to well uncover the bath, then to cool down, and increase the

heat at the end of the operation for a few minutes, in order to aid

the brightening. There can be no inconvenience in urging the

temperature at first, because the silver-lead is then poor, and much

precious metal cannot be lost by volatilization. The increase of fire

given towards the end is for the purpose of separating the last traces

of lead, from which it is very difficult to free the silver ;
but this

strong fire must not be continued long, otherwise there might be a

notable loss by volatilization. When the assay of very poor argen-

tiferous matters is made, the heat can be kept up nearly all through

the cupellation. It generally succeeds better when the temperature

is too high than too low.

The force of the current of air which passes through the muffle

is another very important thing in the success of the operation. Too

strong a current cools the cupel, oxidises too rapidly, and the assay

would be spoilt. With a too feeble current the operation proceeds

slowly, the assay remains a long time in the fire, and much silver is

lost by volatilization.

When the litharge is produced more rapidly than it can be ab-

sorbed by the cupel, or when it is not liquid enough, which may

happen from the furnace being too cold, or when other oxides, pro-
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duced at the same time, diminish its fusibility, it accumulates

gradually on the fluid metal, forming, at first, a ring, which enve-

lopes its circumference, and which, gradually extending, covers the

whole surface : at this period the assay becomes dull, and all move-

ment ceases. When the operation is carefully attended to, it is

nearly always possible to avoid this accident. If, at the first moment,

any signs are manifested of this evil, the temperature of the

muffle must be raised, either by shutting the door, or placing in it

burning fuel : the assay will, in a little time, resume its ordinary course,

But when the cause of the mishap is supposed to be the abundance of

foreign oxides in the assay, a fresh proportion of lead must be added.

It can be ascertained whether an assay has passed well by the

aspect of the button. It ought to be well rounded, white, and clear,

to be crystalline below, and readily detached from the cupel. When
it retains lead, it is brilliant below and livid above, and does not

adhere at all to the cupel.

In order to detach the button, seize it with a fine strong pair of

pliers (see fig. 210, page 161) and examine with a microscope (see fig.

212, page 163), brushing it to detach small particles of litharge

which may adhere to it, and place it into the pan of a balance (fig.

181, page 69) which will indicate the
1

!

O th of a grain. The

weight of the silver furnished by the lead or litharge employed in the

operation ought to be subtracted from the amount of silver ob-

tained ; so that it is necessary to ascertain the richness of these

matters beforehand, as they are never completely free from silver.

The poorest of them contain from
sj^fch

to
1-^)

th.

Sometimes an equal quantity of lead is placed in another cupel,

and the silver thus obtained placed in the balance pan containing the

weights.

Cupellation does not give the exact proportion of silver contained

in an alloy. There is always a loss, and this loss is always greater

than that which takes place in the large way, as in the latter process

a greater quantity is always obtained than that determined by the

assay. The loss of silver is traceable to three causes ; 1st, volatili-

zation ; 2ndly, to oxidation ; 3rdly, and lastly, to the absorption of

minute globules of silver into the body of the cupel. It is certain

volatilization takes place, because a notable quantity of silver is always

found deposited on the sides of the furnace and chimney in the shape

of dust, and silver, which is volatile by itself, becomes much more so

when alloyed with lead, and is carried away by the vapours of the

latter, and found in the pulverulent deposits, termed lead smoke or

fume, which proceeds from the combustion of the latter metal in the
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air. Nevertheless, this cause of loss is not very important, for it is

rare that the fume contains more than
, o^ ^-o th of silver, and accurate

experiments have proved that in cnpellation in the small way not

more than two to three per cent, of lead is volatilized. It is certain

that a portion of the silver found in cupels which have been used

for assays exists in the state of oxide, for no part of their mass is

free, it is found even in the bottom : besides, it is known that the

carbonate of lead precipitated from acetate of lead made from

litharge contains silver, and a notable quantity of that metal is

found even in the sulphate of lead prepared by means of alum from the

acetate (excepting the sulphate is repeatedly washed with water) ; for

silver cannot exist in the acetate, carbonate, or sulphate, but as oxide.

It has been remarked that the centres of cupels which have been

used for assays are richer in silver than the parts nearer the circum-

ference, and that under the button there is a spot of bright yellow,

which appears to be oxide of silver. But. the most important cause

of loss in an assay is the property which the alloys of silver and lead

possess of introducing themselves into the pores of the cupel. The

quantity thus lost is in proportion to the coarseness of the cupel.

For the same quantity of silver, the loss which takes place in an

assay varies according to the nature of the alloy, and the circum-

stances under which the assay is made ; so that it is not possible to

form accurate tables of correction. This loss is much augmented

with the quantity of lead employed, but without its being propor-

tionate; so that when scorification is had recourse to it is advanta-

geous to continue the operation for some length of time, in order that

the metallic button may be reduced to the smallest suitable volume.

In the assay of rich alloys, the proportion to the total amount of

silver is very small, but notable ; and it has been calculated for the

alloys of copper employed in the arts at T̂TO th ;
but in the assay of

poor ores, such as galena and other minerals treated in the large

way, the loss is very great, for it is usually as high as ^-^th.

By extracting the lead from cupels used in this class of assay, the

metal furnished contains from about -g-o-oloTTo^ * prAnn^ f

silver. The following experiment will give an idea of the influence

of the proportion of lead on the loss of silver : 100 grains of commercial

litharge were fused with 10 grains of black flux, and gave 27 grains of

lead, and a slag which was pulverized and reduced in the same crucible

with 15 grainsof black flux, and a second button was produced weighing

45 grains. These two buttons being cupelled separately, gave the first

0035 and the second -001 only of silver. Three new quantities of

100 grains of the same litharge were fused ; the first with a part of
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starch,' the second with 2i, and the third with 10 of the same

reducing agent. The resulting buttons of lead weighed respectively

5'28 and 79grains. These buttons were cupelled, and furnished '0035,

0035, and '003 respectively. From these experiments it will be seen

that when the litharge is not reduced completely, there remains a

notable proportion of silver in the scoria; ; but, nevertheless, in order to

extract the largest possible quantity, the whole must not be reduced.

Indeed, but a twentieth part need only be reduced, because more

precious metal is lost in the cupellation of a large quantity of lead

than remains in the portion not reduced. The loss of silver in large

cupellations is less than that which takes place in an assay, because

in the large way the litharge, or the greater part of it, is run off 5

whilst in an assay the cupel totally absorbs it, so that the latter pre-

sents, relatively to the same mass of lead, a very much smaller sur-

face in the large than in the small way : now it can be readily seen

that the quantity of silver lost by absorption into the pores of the

cupel must be proportioned to its surface, all things being equal.

It has been ascertained by experiment that a cupel absorbs about

its own weight of litharge ; so that from this fact a cupel of the

proper size may be chosen, when the weight of lead to be cupelled is

ascertained. It is always better to have the cupel about
-3-

or \ as

heavy again as the lead to be cupelled.

The various metals found in an alloy, which can be submitted to

cupellation, scorify in proportion to their oxidisability. Those most

oxidisable scorify with the greatest rapidity, and vice versa ; so that

those which have the greatest affinity for oxygen accumulate in the

first portions of litharge formed, which, by that means becoming
less fusible, sometimes lose the property of penetrating the cupel :

hence the reason why cupellations always present more difficulties at

the commencement of the operation than towards the end, when the

litharge formed is nearly pure oxide of lead, and which can contain

only oxide of copper.

The appearance of the cupel used in an assay will give indications

of the metals the alloy contained. Pure lead colours the cupel

straw-yellow, verging on lemon-yellow. Bismuth, straw-yellow pass-

ing into orange-yellow. Copper gives a grey, dirty. red, or brown,

according to its proportion. Iron gives black scoriae, which form at

the commencement of the operation, and are generally found at the

circumference of the cupel. Tin gives a grey slag. Zinc leaves a

yellowish ring on the cupel, producing a very luminous flame, and

occasioning losses by carrying in its vapour silver, and by projecting

it from the cupel in its ebullition. Antimony and sulphate of lead
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in excess give litharge-yellow scoriae, which crack the cupel; but,

when not produced in too great a proportion, are gradually absorbed

by the litharge. If the lead alloy submitted to cupellatiou is found

to produce this effect, a fresh portion must be mixed with its own weight

of lead and scorified : the button so obtained can now be cupelled.

Amalgamation. There are a certain number of argentiferous

matters which can be assayed by amalgamation, as they are treated

in the large way by that method. Amongst these are native silver

chlorides, sulphurets, and arsenio-sulphurets, which contain neither

lead nor copper.

But this process is seldom had recourse to, because it is long,

troublesome, and less exact than those just described.

Substances of the Second Class.

Native Silver.

Alloys of Copper and Silver.

Alloys of other metals and Silver (artificial).

Antimoniuret of Silver.

Arseniuret of Silver.

Telluret of Silver.

Auriferous Telluret of Silver (see Gold).

Hydrarguret of Silver (Amalgam).

Aururet of Silver (see Gold).

Native Silver, Virgin Silver (Ag). Native silver is nearly as

white and as brilliant as manufactured silver, but it is not so flexible

or malleable ; the foreign metals with which it is combined rendering

it harder and more brittle. Gold, copper, arsenic, and iron, are its

most constant associates.

Native silver is usually found in twisted filaments, the size vary-

ing from an inch and upwards in thickness to the fineness of hair.

At other times it is found in branches made up of a multitude of

small octahedral crystals, which seem to have been deposited on the

supporting gangue or matrix. In other samples the metal occurs in

the form of fern leaves, also made up of more or less perfect octa-

hedral crystals. Sometimes the metal appears to have infiltrated,

and sometimes it is disseminated in its gangues, which are exceed-

ingly variable ; such as quartz, carbonate of lime, fluor spar, sul-

phate of baryta, and many other stony and earthy matters. It is

more rarely found in grains, or in isolated cubical crystals.

The following is an analysis of native silver :
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Silver 93-00

Copper .... 2-13

Lead
[

. . 1-60

Arsenic . . . .1*40
Zinc 1*00

Iron . . . . . '50

Antimony .... trace 99'63

Alloys of Silver (Standard Silver). Every 12 ounces troy of

standard silver is composed of 11 ounces 2 pennyweights of fine silver,

and 18 pennyweights of copper. Many other alloys of silver and

copper, as well as of other metals with silver, occur as commercial

products. Their mode of assay, as well as that of standard silver,

will be fully treated.

Antimoniuret of Silver. There are two varieties of this mineral;

the formula of one is Ag2Sb of the other, Ag3Sb. The mineral

(Ag2Sb) is a silver-white metallic-looking substance, crystallising in

rectangular prisms. Composition :

Silver . 77

Antimony 23100

Composition of the mineral Ag3Sb :

Silver ,. .86
Antimony 16100

Arseniuret of Silver. This mineral is tin-white and lamellar.

It is brittle, and crystallises in prisms. Composition :

Silver 12-75

Arsenic 35 '00

Iron . . . . . . 44-35

Antimony ..... 4'00 96-10

Telluret of Silver (AgTe). Colour between lead-grey and steel-

grey ;
it is malleable. It occurs in large prisms, and has a metallic

appearance. Composition :

Silver 62-42
Tellurium 36-92

Iron . .... -2499-58

Hydrarguret of Silver, Amalgam (Hg2Ag) is a silver-white solid

metallic-looking substance : crystallises in rhomboidal dodecahedrons.

Composition :

Silver 36

Mercury 64 100

General Remarks on the Assay of the Alloys of Silver and

Copper. The assay of these alloys is nearly always accomplished (at

least in England) by cupellation. This assay is most important, as
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it is by the results obtained in the manner hereafter described that

the price or value of all kinds of silver bullion is determined.

This class of cupellation is effected without difficulty, because the

oxide of copper forms so slowly, that the litharge is always enabled

to pass it into the body of the cupel. After having weighed the

lead and placed it in the cupel, as soon as it is perfectly fused place

in it the alloy to be assayed, wrapped either in blotting-paper or thin

leaf-lead. It is essential, in this class of assay, to employ a sufficient

quantity of lead to carry away all the copper. We may always be

sure of succeeding, whatever the alloy may be, by employing the

maximum proportion of lead, that is to say, the quantity necessary

to pass pure copper; but as the loss which the silver undergoes

increases with the length of the operation and with the mass of the

oxidised matters, it is indispensable to reduce this loss as much as

possible by reducing the proportion of lead to that which is strictly

necessary. Long experience has proved that silver opposes the oxi-

dation of copper by its affinity, so that it is necessary to add a larger

amount of lead in proportion to the quantity of silver present.

M. DJ

Arcet has obtained the following results by the most accurate

experiments :

Standard of Quantity of Quantity of lead Relation of lead

silver. copper alloyed.
-

necessary. to copper.

1000 Aths
950 50 3 60 to I

900 100 7 70 1

800 200 10 50 1

700 300 12 40 1

600 400 14 35 1

500 500 16 to 17 32 1

400 600 16 17 27 1

300 700 1617 23 1

200 800 16 17 20 1

100 900 16 17 18 1

pure copper 1000 16 17 16 1.

It is remarkable that below the standard of 500, the same pro-

portion of lead must be employed, whatever that of copper. This

fact is repeatedly verified by experiment. Whenever fine silver is

fused in a cupel, it is always necessary to add lead, in order to cause

the button to unite and form well. If less than TVths of lead be

employed, the
'

button will be badly formed ; the litharge cannot

separate but by the action of a very strong heat, and a considerable

loss of silver ensues. If, on the contrary, -^ths of lead is ex-

ceeded, the cupellation goes on well, but the loss is greater,

on account of the duration of the process. These proportions also
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ought to vary with the temperature. M. Chaudet has found, that to

cupel an alloy containing 1^^ths of silver, 5 parts of lead are

required in the middle of the muffle, 10 in the front, and only 3 at

the back.

The proportion of copper carried off by litharge varies not only
with the temperature, but even for the same temperature in relation

to the amount of copper and lead the alloy contains. By cupelling

100 parts of copper with different proportions of lead in the same

furnace, M. Karsten obtained the following results :

Copper remaining after Quantity of lead consumed in

Lead added. cupellation. carrying off 1 of copper.

100 ... 78-75 ... 3

200 ... 70-12 ... 7-1

300 ... 6012 ... 7-7'

400 ,

'

.

'

. 49-40 ... 7'9

500 . '..-'. 38-75 ... 8-1

600 '. . . 26-25 . . -. 8-15

700 -.-. .*:.-. 19-75 ; . r.; .... 8*00

800 ... .>' 8-75 .... 8-70

900 ... 5-62 . . . 9-50

1000 . . V 1-25 . . . 10-10

1050 '. '. ;. 0-00 . . . 10-50

Erom which we see that the lead carried away from -pyth to -^th

of its weight of copper. Much less lead can be employed in a

cupellation by making the alloy maintain its richness of copper

throughout the operation. This can be accomplished by adding to

the alloy in the cupel small doses of lead, in proportion as that first

added disappears by oxidation. If, for example, an alloy composed
of 4 parts of copper and 1 of silver be fused with 10 of lead,

by adding successive small doses of the latter, as already pointed

out, but 7 parts will be consumed, although in the regular way from

16 to 17 would be employed.

The proportion of oxide of copper contained in the litharge

increases each instant, and goes on incessantly increasing when ?n

alloy of copper and lead is cupelled which contains an excess of

copper. According to M. Karsten, this proportion is always about

13 per cent, at the commencement, and 36, or more than a third, at

the end of the operation.

In the assay of the coined alloys of copper and silver, the loss of

silver may even amount to five thousandths ; but the loss is variable,

and is proportionally greater as the standard of the alloy is lower.

The following Table contains the results of many experiments made

on this subject :
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These numbers, however, are not constant, and vary with the cir-

cumstances under which the assays are made : two assays made from

the same ingot, by the same assayer, can differ as much as four or

five thousandths. Tillet has remarked that the cupels can retain

double as much silver as is lost ;
which proves, as has already been

mentioned, that the silver obtained by cupellation is not perfectly

pure, but may retain as much as 1 per cent, of lead.

Special Instructions for the Assay of the Alloys of Silver

and Copper.

As before stated, peculiar weights are employed in the assay of

silver bullion ; and the silver assay pound, with its divisions, will be

found described at page 74.

In the " General Remarks on the Assay of the Alloys of Silver

and Copper," it will be seen that the alloy must be cupelled with

a quantity of lead, varying with the amount of copper present in the

alloy. Standard silver cupels very well with five times its weight

of lead ; but when the approximative quantity of alloy present is not

known, it must be determined by a preliminary assay.

Assay for Approximative Quantity of Alloy. Weigh off 50

grains of pure or test lead ; place them in a cupel previously made

red hot ;
when the lead is fused, and its surface covered with oxide,

place in it by means of the light tongs (a, fig. 194) 2 grains of the

alloy under assay, wrapped in a small piece of thin paper. Allow

the cupellation to go on according to the instructions, and with all

the precautions already given, and when complete, weigh the result-

ing button, and, according to its weight, add lead in the actual

assay in the quantity that is sufficient, as exhibited in the Table at

page 376.

Assay Proper of Silver Bullion. In this assay the operator

requires silver known to be standard, and pure lead. With the pos-

session of the above substances the assay is thus proceeded with :

Place the 12 grains weight, = 1 lb., in the scale pan, and exactly

counterbalance it with standard silver. This is to serve as a check.

Remove the weight, and in its place add so much of the alloy to be

assayed that the balance is again equal. In one cupel, that destined

to receive the check sample, place 60 grains of lead; and in another

cupel place such a number of grains of lead as may be found neces-

sary by the preliminary assay. When the lead in both cupels is

fused, add the silver alloy, and cupel with the necessary precautions.

When the buttons in the cupels are cold, seize them with the pliers,
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and if necessary cleanse them with a hard brush, and place one in

each balance pan. If they exactly balance each other, the alloy

operated on is standard silver ; if, however, it weighs less than the

button produced from the check sample by the weight equivalent to

2 pennyweights, then it is 2 pennyweights worse than standard : on

the other hand, if it be heavier by the same weight, it is 2 penny-

weights better than standard. Silver is also reported as so much fine :

thus, standard silver may be reported as 11 ounces 2 pennyweights

fine, and so on. In case extreme accuracy be required, correction

must be made according to the standard as shown by the Table at

page 378. The standard silver in England is T
9
oV_- fine.

Assay of Alloys of Copper and Silver. In the treatment on

the large scale of copper ores containing silver, the contained silver

is found alloyed with the copper, and it often falls under the assayer's

province to determine the quantity of precious metal. An assay of

this kind is most conveniently accomplished by scorification before

cupellation, thus : Prepare four scorifiers ; weigh into each of them

50 grains of the alloy, 50 grains of fused borax, and 600 grains

of lead, and proceed as already described under the head "Assay of

Ores of the First Class by Scorification." When the four buttons of

lead are obtained, place them together in another scorifier, and sub-

mit to the furnace until the contents of the scorifier are completely

covered with oxide ; pour as usual, and cupel the resulting mass of lead.

Alloys of Platinum and Silver. If any substance containing

platinum as well as silver were assayed as already described, the

button resulting from the cupellation would, in addition to the silver,

contain the whole of the platinum. In such a case the button so

obtained must be thus treated :

If the alloy contain much platinum, it must be fused with twice

its weight of silver ;
then treated with hot nitric acid ; evaporate the

solution nearly to dryness; add water and hydrochloric acid, until

no further precipitatipn of silver as a white curdy precipitate (chlo-

ride of silver) takes place. The chloride of silver may be collected

either on a filter or by decantation. The solution containing the

platinum is treated with excess of sal-ammoniac solution until no

further precipitation takes place ; the solution evaporated to dryness.

When cold, dilute alcohol is added ; and the insoluble yellow matter

(ammonio-chloride of platinum) collected on a filter, washed with

alcohol, dried, and ignited. The ignited residue is metallic platinum,

which is weighed. The loss of weight which the alloy from cupel has

sustained represents the amount of silver previously alloyed with it.

Alloy of Platinum, Silver, and Copper. Treat such an alloy
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as above; and the liquid, filtered from the ammonio-ehloride of

platinum, will contain the copper. Acidulate it with hydrochloric

acid, add metallic zinc, and proceed as directed under the head
" Humid Copper Assay."

Native Silver, Rough Silver left on Sieve during Pulverisation

of Silver Ors of First Class, and Native Alloys of Silver, as

Antimoniuret, &c. are treated by scorification and cupellation in

precisely the same manner as just described for alloys of copper and

silver.

Assay of Silver Bullion by the Wet Method. Prom that which

has been stated under the head ''

Cupellation," it will be observed

that there are many sources of error ; such as volatilization of the

precious metal, its oxidation in the presence of excess of oxide of

lead and atmospheric oxygen, and lastly, its absorption into the body
of the cupel either as oxide or metal, or in both states. These losses,

as before stated, vary with the temperature, the amount of lead em-

ployed, and the texture of the cupel; and, as may be seen from the

table of corrections as drawn up by D'Arcet, give a very erroneous

assay, unless the addition necessary for each standard be made.

Considerable attention was called to this matter in Prance some

years since, and a Special Commission was appointed to examine the

subject thoroughly, and, if possible, to devise some means of assay

which might be both easy and accurate. The result of this exa-

mination was the invention of a process of assay at once elegant and

trustworthy ;
and as a full account of this method has not, to the

author's knowledge, been translated and published in this country,*

he has prepared the present from M. Gay-Lussac's Report, which

formed a part of a communication from M. Thiers to Earl Granville,

and which appeared in the original language in the year 1837, in a

Report on the Royal Mint.

The new process of assay about to be described consists in deter-

mining the fineness of silver bullion by the quantity of a standard

solution of common salt (NaCl) necessary to fully and exactly preci-

pitate the silver contained in a known weight of alloy. This process

is based on the following principles :

The alloy, previously dissolved in nitric acid (NO5), is mixed with

a standard solution of common salt, which precipitates the silver as

chloride, a compound perfectly insoluble in water, and even in acids.

The quantity of chloride of silver precipitated is determined not

by its weight, which would be less exact and occupy too much time,

* Some portion of this report has been published in Dr. Ure's Dictionary of Arts,

Mines, and Manufactures.
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but by the weight or volume of the standard solution of common
salt necessary to exactly precipitate the silver previously dissolved in

nitric acid.

The term of complete precipitation of the silver can be readily

recognised by the cessation of all cloudiness when the salt solution

is gradually poured into that of the nitrate of silver. One milli-

gramme of that metal is readily detected in 150 grammes of liquid ;

and even a half or a quarter of a milligramme may be detected, if

the liquid be perfectly bright before the addition of the salt solution.

By violent agitation during a minute or two, the liquid, rendered

milky by the precipitation of chloride of silver, becomes sufficiently

bright after a few moments' repose to allow of the effect of the

addition of half of a milligramme of silver to be perceptible. Filtra-

tion of the liquid is more efficacious than agitation; but the latter,

which is much more rapid, generally suffices. The presence of

copper, lead, or any other metal, with the exception of mercury (the

presence of the latter metal requires a slight modification of the

process, which will be hereafter pointed out), in the silver solution,

has no sensible influence on the quantity of salt required for precipi-

tation : in other words, the same quantity of silver, pare or alloyed,

requires for its precipitation a constant quantity of the standard salt

solution.

Supposing that 1 gramme of pure silver be the quantity operated

on, the solution of salt required to exactly precipitate the whole of

the silver ought to be of such strength that, if it be measured by

weight, it shall weigh exactly 100 grammes, or if by measure ICO

cubic centimeters. This quantity of salt solution is divided into

1000 parts, called thousandths.

The standard of an alloy of silver is generally the number of

thousandths of solution of salt necessary to precipitate the silver

contained in a gramme of the alloy.

Measurement of the Solution of Common Salt. The solution

of common salt will hereafter be termed the normal solution of com-

mon salt. It can be measured by weight or volume. The measure by

weight gives greater precision, and it has the special advantage of

being independent of temperature; but it requires too much time in

numerous assays. The measure by volume gives a sufficient exacti-

tude, and requires much less time than the measure by weight ;
it

is, indeed, liable to the influence of temperature, but tables for cor-

rection will be appended.

Measure of the Normal Solution of Salt ly Weight. This

solution should be so made that 100 grammes will exactly precipi-
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late 1 gramme of pure silver dissolved in nitric acid. In order to

point out the method of taking the weight it must be supposed to

have been previously prepared. After taking the weight is described,

the mode of preparing the solution will be given.

The solution is weighed in a burette (fig. 240), whose capacity is

from 115 to 120 grammes of the solution, and

divided into grammes. These divisions are for

the purpose of approximative^ determining the

weight of solution, so as to shorten the opera-

tion of weighing. The burette is represented as

closed by a cork, B3 in order to prevent evapo-

ration of the solution when the instrument is

not in use. It is also easy to remedy the in-

convenience of evaporation, by rinsing the

burette with a small quantity of the fresh solu-

tion. On pouring the solution from the orifice,

O, of the burette, each division will furnish

from 8 to 10 drops; and consequently the

weight of a drop is about a decigramme. The

burette is filled with solution to the division o ;

it is then tared in a balance capable of turning

with a centigramme. The burette is then re-

moved, and its place supplied with a weight

equivalent to the amount of solution required

100 grammes, for instance. The solution is

then gradually poured from the burette into a

bottle appointed for its reception, until the equi-

librium is nearly established. It is not easy to

attain the point exactly, as no smaller quantity than a drop can be

poured from the burette. This, however, is a matter of indifference ;

it suffices to know the exact weight of the solution poured out :

suppose it to be 99 gr. 85 c. : the mode of more nearly approxi-

mating the required weight of 100 grammes will now be pointed out.

It must be remarked that it is not the amount of water contained

in the 100 grammes that is of consequence, but only the quantity of

salt found in solution
; this should exactly represent 1000 thousandths

of pure silver. If near 100 grammes of the normal solution be

mixed with 900 grammes of water, it is evident that 1 gramme
of this new solution is equivalent to a decigramme of the first,

and consequently it will be easy to obtain 100 grammes of

the normal solution, or rather the 1000 thousandths of salt it

ought to contain : it will now be sufficient to add to the 99
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FTP. 242.

FIG. 241.
grammes already poured from the burette, l gramme
of the new solution. It can be weighed, like the

normal solution, to a drop nearly, in the burette,

(fig. 241,) of such a diameter that each small division

represents a decigramme of liquid, and consequently
a centigramme of the normal solution

; but it is more

readily measured by volume, preparing it in the

manner to be hereafter pointed out. To avoid all

confusion, a solution to be termed a decline solution

of common salt is one containing the same quantity
of salt as the normal solution, in a weight or volume

ten times greater.

A decime solution of silver is a solution of silver

equivalent to the latter, both mutually suffering

complete decomposition.

Preparation of the Decime Solution of Common

Salt. One hundred grammes ^of the normal solution of common salt

are weighed in a flask (fig. 242) containing a kilogramme of pure

water; when filled up to the mark a b, or

1000 cubic centimeters, this quantity is made

up with pure water, taking care to agitate the

whole well, to render the mixture homogeneous.
A cubic centimeter of this solution represents

1 thousandth of silver. This quantity is

readily obtained by means of a pipette

(fig. 243), gauged so that when filled up with

water to the mark c d, it shall allow 1 gramme,
or 1 cubic centimeter, to run freely, the small

quantity of liquid remaining in the pipette

not forming part of the gramme. In pouring the liquid by drops,

a little more or a little less than twenty may be counted, according

to the size of the orifice, o. This number

will not vary more than one drop. Half a

cubic centimeter will consequently be repre-

sented by 10 drops, and a quarter by 5.

The precision arrived at by this method of

measurement suffices, since the possible

error on the cubic centimeter will be but

one-twentieth of that quantity, or one-

twentieth of a thousandth ; if however many
measures be required, then compensation

must be made.

Fro 242.
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The decime solution of common salt requisite for -assays

must be kept in a bottle (fig. 243) closed by a cork, traversed

by the pipette firmly fixed in a hole bored for that purpose.

To measure a thousandth with the pipette, the bottle is held

with one hand, and the pipette with the other (fig. 244). The

pipette is taken from the solution after its upper orifice has been

closed by the forefinger; the lower orifice

is then inclined against the edge of the

flask to remove the liquid, which without

this precaution would remain there : the

mark c d is then raised to the level of the

eye, and by a suitable pressure of the

forefinger on the upper orifice, which tnay

be obtained by giving the pipette a slight

alternating circular movement between

the fingers, the solution is allowed to run

out gradually. The instant the concave

surface of the liquid is at the level c </,

the pipette is firmly closed by pressure of

the forefinger on its orifice, which is held

above the bottle into which the solution is

to be poured, and the forefinger removed so that it can be emptied.

It is here necessary to remark, that in order to regulate the slow and

regular runnings of the liquid from the pipette, by the pressure of the

fore-finger, the latter ought to be neither too moist nor too dry : if too

dry it will not perfectly close the orifice, even by strong pressure ;
if

too moist, it prevents the entrance of air, and the liquid will not run,

or, if it do, it will be irregularly. This observation should not be

lost sight of in the use of the large burettes mentioned hereafter.

Preparation of the Decime Solution of Silver. The drcime

solution of silver is prepared by dissolving 1 gramme of pure silver

in nitric acid, in a flask holding 1 litre (see fig. 242), and then

diluting the solution with distilled water, so that, cooled at the

ordinary temperature of the air, it shall occupy exactly the volume

of one litre. It is measured in precisely the same manner as the

decime salt solution.

Weighing the Normal Solution of Common Salt. To execute

this operation with rapidity, a balance similar to that represented at

fig. 245 is employed. The arms are divided, as in the assay balance

described at p. 69; each of the arms, C B and C B't are fuiiiisued

with a rider, c, of such a weight (about 5 decigrammes) that moved

c c
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from the right or the left of the centre o, of eacli arm, it indicates

two decigrammes. The space traversed by the rider is divided into

twenty equal parts, representing an equal number of centigrammes.

FIG. 245.

We will take for example the weighing of 100 grammes of normal

solution of common salt, which is that most frequently made in the

determination of the standard of all varieties of argentiferous

matters.

There are two weights, one P, equal to the tare of the burette when

full of solution to the mark o, the other P', equals 100 grammes.

The burette is filled with solution, and placed on the right hand

pan of the balance, on which it is kept in position by the collar d e,

and through which it is passed before placing it on the pan. The tare,

P, of the burette is supposed to be on the opposite side. If the

equilibrium be not perfect, it is effected by the rider on the left ; the

burette is then removed, and 100 grammes of the solution (either

more or less to one or two decigrammes) poured out. The burette

is then again placed in the balance, with the 100 gramme weight P',

the upper part of which is slightly concave, to receive the bottom of

the burette, in order to prevent it sliding off. The equilibrium is
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again established by the aid of the rider on the right. If, for instance,,

it is found necessary to remove the rider 15 divisions towards B,

which represents 15 centigrammes, the weight of the solution

poured out of the burette will be equal to 100 gr. 00 gr. 15

= 99 gr. 85. If, on the other hand, it is necessary to move the rider

six divisions towards 6', the weight of the solution will be 100 gr.

+ gr. 06= 100 gr. 06.

The above method of weighing the salt solution appears to be the

most convenient that can be employed, although it is not very

expeditious. Other methods of weighing and measuring will be

given in an appendix to this article.

Preparation of the Normal Solution of Common Salt when

measured by weight. After having pointed out the method of

weighing the normal solution of salt, and of taking very small

quantities, its preparation will be described.

Supposing the salt as well as the water to be employed are pure,

the two substances have only to be taken in the following propor-

tions : 0*5427 kilogrammes of salt, and 99*4573 kilogrammes of

water, to from 100 kilogrammes of solution, of which 100 grammes
will exactly precipitate 1 gramme of silver. But instead of pure

salt, which is difficult to procure, and which besides rapidly alters by
the absorption of atmospheric moisture, it is preferable to employ a

concentrated solution of commercial salt, which can be prepared in

large quantities, and kept for use as needed. The quantity of salt

it contains can be ascertained by evaporating a portion to dryness,

and by a few experiments it is easy to determine in what proportion
it shall be mixed with water to produce a solution, 100 grammes of

which shall exactly precipitate 1 gramme of silver.

Suppose, for example, that the salt solution contains 250 grammes
of salt per kilogramme, and that it is necessary to prepare 100 kilo-

grammes of the normal solution. Now, since for the preparation of

this quantity 0*5427 kilogrammes of pure salt is required, we have

the following proportion :

0-250 : 1 :: 0-5427 : x = 2-1708 kilogs.

To this last weight enough water is added to make up 100 kilo-

grammes, that is to say 97*8292 kilogrammes, which quantity can

be readily measured by means of a flask containing 5 or 6 kilo-

grammes previously gauged.

The mixture must be well agitated by means of the agitator

fig. 246), which is made of an ozier twig, split into four branches,
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FIG. 246.

to the extremities of which is attached a small square piece of silk.

This substance is employed to avoid the separation of filaments

which would ensue from the use of any other

material. This agitator can be introduced into

very small openings, and is exceedingly serviceable

in agitating large masses of liquid.

When well mixed, the solution must be assayed.

To effect this, dissolve 1 gramme of silver in

nitric acid, sp. gr. 1*290, in a stoppered bottle

(fig. 247) holding about 200 grammes of water,

tare the burette, fig. 24-0, filled with the solution,

and pour rather more than less into the bottle in

proportion as the salt employed is impure, more

than 100 grammes will be required to precipitate

1 gramme of silver. The mixture is at first milky,

but, by vigorously shaking the bottle, having its

stopper firmly fixed, for about a minute, and then

allowing it to remain at rest for a short time, the

liquid will become perfectly bright ; two drops of

the solution must then be poured into it from the

burette : if a cloudiness is produced, it is agitated

again to brighten it, and two drops more added.

This must be continued until the last two drops

added give no precipitate. The operation is then

terminated, and nothing remains but to state the

result.

Supposing the total weight of solution poured
from the burette is 101*880 grammes, the last two

drops must not be reckoned, because they produced
no effect

;
the two preceding drops were necessary,

but in part only ;
that is to say, that the number of

drops to be deducted is less than four, and more

than two, or rather that it is the mean term, three.

Or the weight of a drop can be known exactly by

taking that of a dozen: suppose it is equal to

0*082 gramme, three times that number must be deducted, or 0*255

grammes from 101*880 grammes: there will remain 101*625

grammes, representing the quantity of normal solution necessary to

precipitate 1 gramme of silver.

The solution is thus found to be too weak ;
to bring it to its

proper standard it is necessary to remove! '625 grammes of water from

. 247.
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the 101 '625 grammes of solution, or, what is the same thing, to add

to the normal solution a certain quantity of the concentrated solution

of common salt, which quantity may be found by the following

proportion :

100 : 1-625:: 2-1708 kilogrs. of silver solution : #=0'0353

After the addition of this quantity of salt to the normal solution,

a fresh assay is made, proceeding in precisely the same manner as

before ; taking care, however, to pour from the burette a weight of solu-

tion slightly under 100 grammes, or 1000 decigrammes, for instance

998'4 decigrammes, because it is not possible, in pouring the solu-

tion by drops, to arrive at the exact weight, 1000 decigrammes. To

ascertain the true standard in the most exact manner possible, a

decime solution must be prepared by weighing 10 D grammes of the

normal solution, arid diluting it with pure water, so that it shall

occupy one litre : a cubic centimeter of this solution will represent

a decigramme of the normal solution. This decime solution will not

be rigorously exact, since the normal solution has not been truly

standardised
;
but it is easily perceived that the error thus committed

is very small, and that it may be neglected. Nevertheless, as soon as

the normal solution is perfectly standardised, it is better to prepare

another decime solution.

A decime solution may be immediately obtained by dissolving

0'5427 gramme of pure sea salt in such a quantity of water that the

whole shall occupy one litre ; yet the first process is preferable.

With the decime solution the assay may be thus continued, re-

membering that the pipette described at fig. 243 is a cubic centi-

meter containing 20 drops ; that the half therefore is represented

by 10 drops, and the fourth by 5.

To the 998-4 decigrammes of normal solution already added, pour
one pipette and 12 drops of the decime solution, which will exactly

complete the weight of 1000 decigrammes of normal solution. The

mixture is agitated to brighten it, and one-thousandth of common
salt or one pipette of the decime solution added. If this causes a

cloudiness, it is agitated and a second thousandth added. This last

should produce no opalescence. The weight of normal solution

necessary to exactly precipitate one gramme of silver will be between

1000 and 1001 decigrammes j
that is to say, the mean will be equal

to 1000^. The standard of the normal solution is then too weak by
half a thousandth : to correct this a quantity of concentrated salt

solution must be added equal to half a thousandth of that already
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added (2'1708-f 0'0353= 2'2061 kilogrammes); that is to say,

1*1 gramme.
A new assay is then made for verification.

"When the standard of a solution is very nearly arrived at, it is

well to employ filtration to detect the slightest opalescence, at least

when sufficient time is not allowed for the liquid to become perfectly

bright. The surest method, when the standard is nearly attained, is

to place some of the liquid in two test glasses, and pour into one a

few drops of the decime solution of common salt, and into the other

a corresponding number of drops of the decime solution of nitrate

of silver. It may then be determined on which side the opalescence

is manifested, and the assay of the normal solution may be continued

after the mixture of th.e liquids in the two glasses, since the two

quantities of the decime solutions of common salt and nitrate of

silver mutually decompose each other, and do not interfere with the

assay. Once the standard of the normal solution being definitely

fixed, the sum of the quantities of the concentrated solution of

common salt which have been employed, as well as those of the

water, must be noted, and in the preparation of a new normal solu-

tion the proportions found as above would only have to be mixed to

obtain at once a solution having very nearly its true standard.

In determining the standard of the normal solution, suppose that

it were always too weak, it would be necessary to add to the solution

a certain quantity of common salt ; but if the true amount had been

exceeded, and it had been found too strong, the solution would have

to be precipitated with the decime solution of silver; and knowing
the number of cubic centimeters or thousandths of silver which had

been necessary to precipitate the excess of common salt, it could be

determined what amount of water must be added to reduce the

normal solution to standard. . Por instance, if 2 thousandths of the

decime solution of silver had been consumed, 2 thousandths of its

weight of water would have to be added to the total amount of solu-

tion ; that is to say, 0*2 kilogramme or 200 grammes.
Preservation of the Normal Solution of Common Salt. The

most suitable vessel for containing the normal solution of common

salt is one of glass, because that cannot affect the standard. Large

black glass bottles, termed carboys, are found in commerce. These

bottles contain from 50 to 60 litres, and are very applicable for this

purpose. Fig. 248 represents one of these bottles fixed in a stand

formed of a sieve hoop. It is graduated into litres or kilogrammes

of water, and a paper scale fixed on its side shows at any time the
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quantity of contained liquid. It is closed by an hydraulic valve,

made of sheet-iron, but the bell or cover is of glass. The detsul of

this valve is shewn at
fig. 249. The air can only enter the bottle

by the narrow tube T, and cannot pass out by it
; consequently,

evaporation is not to be feared. The neck of the valve should be

about a decimeter deep, into which mercury should be poured, but

only to about one -third of its height.

FIG. 248.

FIG. 249.

FIG. 250.

The solution is drawn from the bottle by the syphon S. This is

furnished with a stopcock; but this syphon being brittle, at least

when not of metal, is not convenient in

use, since it is incorporated with the bell

of the valve : it is, therefore, preferable

to pierce the bottom of the bottle (fig.

250), and fix a metal tube (T) by means

of a plate moulded on the bottom, and

cemented to it. This tube is raised a

little above the bottom of the bottle, and

covered by a small hood, the object of

which is to protect it from any of the

mercury which might fall into it. It is

terminated at its other extremity by a

very narrow tube, so that the flow of the

solution may not be too rapid. Here-

after a metal reservoir will be described
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FIG. 252.

which has all the advantages of a glass vessel without its incon-

veniences.

Application ofthe Process described in the Determination of the

Standard ofa Silver Alloy, The alloy is supposed to be that made

FIG. 251.
*n * c n

> tae mean standard of which is fixed at 900

thousandths, but which may vary from 897 to 903

thousandths without ceasing to be legal (French stan-

dard for coin). One gramme is dissolved in the bottle

(fig. 247) by about 10 grammes of nitric acid, sp. gr.

L'290. Tins quantity of nitric acid can.be readily taken

by means of the pipette P (fig. 251), which contains

7*7 grammes of water to the mark a b. The solu-

tion may be accelerated by placing the bottle in a

small saucepan of hot water, the bottom of which

must be covered with a piece of cloth, so as to pre-

vent contact of the glass and metal. The solution

finished, and the flask slightly cooled, the nitrous

vapour must be removed by a blower (see fig. 252),

the nozzle of which is formed of a piece of bent

glass tube, connected by a cork with a copper socket

D, having a screw inside. This operation ought to

be effected, as well as the solution of the alloy in

nitric acid, under a chimney with a strong current

of air, to carry off the nitrous vapour.

The burette (fig. 240), being filled with the normal

solution of common salt,and tared, about 90 grammes
are poured into the solution of the alloy; say 89*85

grammes. After agitating the liquor, a cubic cen-

timeter of the decime solution of common salt is added, representing

one thousandth of silver. If a cloudiness be observed, agitate again,

and add a second thousandth of common salt, and so on until the

last thousandth gives no precipitate. Suppose it to be the fourth :

that must not be counted, because it has produced no effect; and

only half of the third must be taken, because only a portion of that

was necessary. The standard of the alloy would be consequently

equal to nearly half a thousandth, to 898'5 + 2'5= 901.

If it be desirable to approach still nearer to the true standard of

the alloy, half-thousandths must be added until the last half

thousandth gives no precipitate ; and in order to avoid all confusion

it is better to write with chalk on a black board the thousandths of

common salt, preceding them by the plus sign -f ,
and on the other
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side the thousandths of nitrate of silver, preceding them by the sign

minus.

In the above example, after the addition of the 4 thousandths of

common salt, the last of which has produced no cloudiness, 14

tboasandths of nitrate of silver are added, which destroy 1^ thou-

sandths of common salt, and brighten the liquid. If another half

thousandth of nitrate of silver produce no precipitate, it is not taken

into account, and is struck off from the table. Prom whence is con-

cluded that the quantity of nitrate of silver necessary to destroy the

excess of common salt is more than 1 and less than 14 ;
that is to

say, nearly the J of a thousandth, and is equal to 1 \. Thus the

number of thousandths of salt really used is 4 1-25 = 2-75. The

standard of the alloy, therefore, is 898-50 + 2 75 = 901-25.

Another example, everything else remaining as above
;

but the

first thousandth of salt did not precipitate. This is a proof that too

much normal solution of common salt has been employed, and that

there is an excess of salt in the liquid. Add one thousandth of

silver, and agitate : things are now as at first, but it is nevertheless

known that it is with nitrate of silver the process must be continued.

One thousandth has been added, which produced a precipitate; the

second does not. The standard of the alloy is consequently

898-50-0-5= 898. To approach still nearer to the real standard,

destroy the last two thousandths of silver by two thousandths of

common salt, and add half a thousandth of silver a cloudiness is

produced, as already known ; but another half thousandth does not

precipitate. The standard of the alloy is therefore 898-50 0-25 =
898-25.

This process, on which it would be useless to enlarge further at

present, because many other parts of the process to be presently

described apply to it, is general, and gives exactly the standard of

an alloy when it is known approximative^, which can always be

ascertained by a previous rough assay.

ASSAY BY THE HUMID METHOD, MEASURING THE NORMAL SOLUTION

OF COMMON SALT BY VOLUME.

The measurement by weight of the normal solution of common
salt has, as already stated, the advantage of being independent of

temperature, of having the same degree of precision as the balance,

and of requiring no correction. The measurement by volume has
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not all these advantages; but, by ensuring an adequate amount of

accuracy, it has that of being more rapid, and renders the new pro-

cess applicable to numerous and daily assays.

The normal solution of common salt measured by volume is so

prepared that it has a volume equal to that of 100 grammes of water,

or 100 cubic centimeters, and at a determinate temperature exactly

precipitates 1 gramme of silver. The solution can be kept at a con-

stant temperature, in which case the assay requires no correction ; or,

if the temperature be variable, its influence on the assay must be

corrected. These two circumstances do not change the principle of

the process; but they are sufficiently important to require some

changes iii the apparatus, and that each of the two processes should

be treated separately : one, in which the normal temperature is con-

stantly maintained; the other, in which it is variable. Experience
has shewn the latter to be preferable, and it will be first detailed ;

the other will be described hereafter.

Methods ofMeasurement in the employment of Volumes instead

of Weights. It will be here admitted, in pointing out the methods

of measuring the normal solution of common salt by volume, that it

has been already prepared, and even, that it is kept at

a constant temperature. It will afterwards be very

easy to describe the method of preparation, and give

the corrections of which it is susceptible when its

temperature varies.

A volume of solution of 100 cubic centimeters is

readily obtained by means of a pipette (fig. 253), gra-

duated so that, filled with water to the mark a b, and

the point or jet well wiped, it will allow 100 grammes of

water, at a temperature of 15 (Centigrade), to flow

in a continuous stream. A continuous stream is

expressly mentioned, because sometimes after the cessa-

tion of the jet the pipette will yet give two or three

drops of liquid, which must not be counted. The

weight of the volume of normal solution taken in this

manner with suitable precautions will be constant,

from one extreme to another, to 2 centigrammes, or

rather to -J-th of a thousandth.

The following is the most simple method of taking

a measure of the normal solution of salt :

Immerse the jet (c) of the pipette in the solution,

apply the mouth to the upper orifice, and draw the
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liquid into d, above the circular mark a b. Dexterously apply the

forefinger of one of the hands to this orifice, remove the pipette

FIG. 254. fr m tne liquid, and hold it as represented at

fig. 254. The mark a b is held on a level

with the eye, and the surface of the solution

allowed to descend until it forms a tangent

with the plane a b. At this instant the jet

(c) of the pipette is set at liberty by removing

the finger against which it had been pressed,

and, without otherwise changing the position

of the hands, the contents are allowed to run

into the bottle appropriated for that purpose,

taking care to remove the pipette as soon as

the stream stops.

If, after having filled the pipette by aspira-

tion, there is any difficulty found in a suffi-

ciently rapid application of the forefinger to

the superior orifice to prevent the fall of the

liquid below the mark a b, the pipette must

be removed from the liquid, the orifice being

closed by pressing the .tongue against it : then

apply the middle finger of one of the hands to

the lower orifice, remove the tongue, and

apply the forefinger of the other hand to the

larger orifice, previously wiped dry.

The process just described for obtaining a measure of normal

solution of salt is exceedingly simple, because it requires but little

apparatus; but another, of more easy execution, will now be men-

tioned, and which is at the same time more exact.

In this process the pipette is filled from above, like a bottle,

instead of by aspiration ; furthermore, it is a fixed apparatus. The

figure 255 represents this apparatus. D D' are two sockets, sepa-

rated by a stopcock R. The upper one, which is screwed inside,

is connected by means of a cork, Z, with the tube T3 which conducts

the solution of salt. The lower socket is cemented to the pipette ;

it is furnished with an air-tap R', and a screw V, which serves to regu-

late the admission of air into the pipette by a small opening provided

for that purpose. Below the stopcock R' , and soldered to the socket,

is a very narrow silver tube N, conducting the solution into the

pipette, and allowing the escape of displaced air by the air-tap R\
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The thumbscrew V replaces the ordinary screw, by means of which

the key of the cork is adjusted on its seat.

The figure 256 represents the above-described apparatus on the

other side. There will in this be noticed on the air-cork R'
,
an

opening m, into which is ground by its extremity Q the conical tube

T (same figure). By this, air can be drawn out of the pipette

whenever it is desirable to fill it from below.

FIG. 255. FIG. 256. Fro. 257.

The pipette is carried by two horizontal arms, H K, fig. 257.

These arms are moveable around a common axis A A, and are also

capable of moving in the two longitudinal slots.

They are fixed by two nuts, e e, and their distance can be changed

by means of pieces of wood or cork interposed, or even by the other

nuts, o o. In the upper arm, H, is a hole, in which is fixed by a
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wooden thumb-screw, v, the socket of the pipette ; the correspond-

ing hole of the lower arm is larger ;
the jet of the pipette is kept in

position by a cork, L. The apparatus is fixed by its appendage, P,

by means of a screw on an angle of the wall, or any other support.

The method of filling this pipette is very simple : apply the fore-

finger of the left hand to the orifice, c, then open the two stopcocks,

R, and R'; when the liquid nears the neck of the pipette its flow is

moderated, and as soon as it is a little above the mark a b, the

stopcocks are shut, and the forefinger removed. The pipette must

now be accurately adjusted, so that the liquid touches the mark a l)y

and none remains on the outside of the jet c.

This last condition is easily fulfilled : after having removed the

finger by which the orifice c of the pipette was closed, a moist

sponge, m, fig. 258, enveloped in linen, is then applied, which

absorbs the excess of liquid. To abridge the description, this sponge

will be termed " the handkerchief," and the pipette is said to be clean

when no b'quid adheres exteriorly to the orifice.

FIG. 258. FIG. 259.

For convenience in use the handkerchief is .forced into a

tube of tin-plate, terminated by a little cup, open below, so that

the liquid may run into the vessel C, on which the tube is soldered :

the liquid from the handkerchief is rejected : it can be easily removed

to wrash it, and if necessary it can be pushed towards the pipette by
a small \vedge of wood, o.

At a later period the following mode of making the handkerchief

has been found preferable : on a double iron wire (fig. 259) forming
a spring, a small band of tin-plate t, is rolled

;
the iron wire is

cemented into a tin-plate cylinder, closed on the lower end, and
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furnished on the upper with a border to convey the liquid which

runs from the handkerchief in the vessel C. This cylinder passes

into another soldered to the bottom of the vessel, and can be kept
in position by two projections, o, which work in two slots cut in the

other cylinder.

To complete the adjustment of the pipette, the liquid must be

made to fall to the level a b. To this end, whilst the handker-

chief is in contact with the jet of the pipette, air is allowed to enter

slowly by unscrewing the screw v, (fig. 257) and the instant the level

is attained the handkerchief is removed, and the bottle F, (fig. 258,)

which is employed to receive the solution placed under the jet of the

pipette. This must be accomplished rapidly, and without hesitation.

The bottle is then placed in a cylinder of tin-plate, whose diameter

is just a little larger, and which forms part and parcel of the vessel C,

and the handkerchief. The whole of this apparatus has a sheet of

tin-plate for a base, moveable between two wooden rods, R R, each

having a slot in which the tin-plate moves. The extent of its move-

ments is determined by two pieces of wood, b b} so placed that when

it is stopped by one of them, the jet of the pipette corresponds to

the centre of the neck of the bottle, or by the other in contact with

the handkerchief. This arrangement is exceedingly handy for wiping

and emptying the pipette, and has a sufficient amount of solidity to

allow of its being removed and replaced without injury. It will be

readily seen that when the admission of air into the pipette has been

once regulated by the screw v} it will be advantageous to leave it so,

because the movement of the handkerchief or bottle can be so

rapidly effected, that a drop of the liquid has not time to accumulate

and fall.

Temperature of the Solution. Having described the method of

measuring the volume of the normal solution of salt, that which

appears the most suitable method of obtaining the temperature will

be pointed out.

The thermometer is placed in a glass tube, T (fig. 260), through

which the solution passes, running into the pipette. It is sus-

pended by a cork having four channels cut in it to allow the free

passage of the liquid. The scale is engraved on the tube itself,

and is repeated on the opposite side, so as to fix the eye by this

double scale to the height of the thermometric column. The tube

is fused at its lower end to a narrower tube, which is fixed by

means of a cork into the socket of the stopcock of the pipette.

The upper part of this tube is cemented to a socket of copper,
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tapped inside, which in its turn is fastened by a cock B, with the

extremity (also tapped) of the tube T', communi-

cating with the reservoir of normal solution. The

corks used as joints between the parts of the

apparatus retain a certain amount of flexibility,

and allow it being taken to pieces and put together

again in a short space of time; but it is essential

to pass them into a hollow tube of glass or metal,

to prevent them giving way under the pressure

they have to sustain. If care be taken to coat

them with a little tallow to stop the pores, no

escape need be apprehended.

Preservation of the Normal Solution of Salt

in Metallic Vessels. This subject has already

been discussed, and it may appear unnecessary to

again refer to it ; but as it is here a question of

metallic vessels, some details seem necessary.

The figure 261 represents a cylindrical copper

vessel, (7, holding about 110 litres. It is seen in

section, Z, same figure. To its base is soldered a

socket, D, to which is adapted a tube, with stop-

cock, T, through which the solution passes into

the pipette ;
the upper part, which is slightly

concave, having an opening closed by a screw

stopper, Bf the edges of which press on a washer.

This stopper is traversed by the tube t, which

passes nearly to the bottom of the vessel, and

through which air enters the apparatus, without

the power of again passing out, so that evaporation is effectually

prevented. This tube can be closed by a stopper, m, when the

apparatus is not in use.

The quantity of liquid contained in the vessel can be determined

at any time by the aid of a wooden gauge, J, graduated into litres.

When used it is plunged vertically into the liquid, but is seldom

needed.

Pure or tinned copper alters in contact with the solution of salt

and air, and the solution continually decreases in strength. This

inconvenience is remedied by coating the inside of the cylinder with

a soft cement, such as described at page 103; or with that cement

softened by the addition of one-third its weight of yellow wax. This

operation may be performed by removing the tubes T and t, per-
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fectly cleansing the inside of the cylinder, and heating it. About

four or five pounds of the cement, made very hot, are run in, and

the cylinder so turned round and inverted that the cement may run

over every part. The turning is continued until the cement is cold.

All the parts just described are united in the figure 261, forming a

complete apparatus for the preservation of the normal solution of

salt, for observing the temperature, and for measuring the volume.

FIG. 261.

Preparation of the Normal Solution of Salt, meaxuring by

Volume. The preparation of the normal solution of salt, measured

by volume, is much the same as of the solution measured by weight ;

there is, consequently, very little to add to that already given at

pages 387-390, and to which the reader is referred.

The cylinder, as already supposed, will contain about 110 kilo-

grammes of water : no more, however, than 105 a o put in ;
so that
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sufficient space may remain in order to agitate the fluid without

throwing any out. According to the condition imposed, that 100

cubic centimeters, or one-tenth of a litre, of solution, should contain

sufficient salt to completely precipitate 1 gramme of pure silver
; and

further, admitting 13*516 for the equivalent of silver, and 7*335 for

that of salt, the quantity of pure salt to be dissolved in J 05 litres of

water, and which corresponds to 105x10= 1050 grammes of silver
9

will be found by the following equation :

13-516 : 7-335 :: 1050 gram. : x = 569*83 grain.

And as the solution of commercial salt employed, page 387, contains

approximatively 250 grammes per kilogramme, 2279*3 grammes of

this solution will be required to furnish 569*83 grammes of salt.

As the 2279*3 grammes of solution contain 569*83 grammes of salt,

it will consequently contain 1709*5 grammes of water, which must

be taken into account in measuring the 105 litres : that is, no more

than about 103*3 must be employed. The whole being well mixed,

the tubes and pipette must be washed out several times, by allowing

the solution to run through them. The solution so passed is again

placed in the cylinder, and after each addition the contents are well

agitated, and lastly, the standard of the solution is determined, the

temperature being supposed to remain constant.

To accomplish this more readily, two decime solutions are pre-

pared ; one of silver, and the other of salt.

The decime solution of silver, as already stated, is obtained by

dissolving a gramme of silver in nitric acid, and diluting the solution

with water until its volume is one litre.

The decime solution of salt can be obtained by dissolving 0*543

grammes of pure salt in water, so that the solution fills a measure of

one litre ; but it is best prepared with the normal solution itself,

which is to be standardised, by mixing one measure of the latter with

nine measures of water. It must, however, be understood, that this

solution is not rigorously equivalent to that of the silver, and only

becomes so when the normal solution employed in its preparation

becomes fixed at its true standard. If the normal solution be correct

to ten thousandths, or one hundredth, the decime solution will be

correct to the same degree. If ten thousandths of the latter solution

be employed, the error committed will be one-tenth of a thousandth ;

and only one hundredth when one thousandth is employed. Such

errors may be entirely neglected; nevertheless, after having exactly

D D
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standardised the normal solution., it is better to prepare a new decime

solution.

After the preparation of the decime solutions, several bottles, as

at fig 247, must be prepared, each of which contains 1 gramme of

pure silver dissolved in 8 or 1 grammes of nitric acid. To these

will be given the name of check, or witness-assays.

To ascertain the standard of the normal solution pour a pipetteful

into one of the check flasks, and agitate briskly until quite bright.

After a few moments' repose, two thousandths of the decime solution

of salt are added, which, by superposition, will produce a precipitate.

The normal solution is consequently too weak, since the salt em-

ployed was not perfectly pure. It is again agitated, and two other

thousandths are added, which produce a precipitate. The addition

of successive two thousandths is thus continued until the last pro-

duce no precipitate. Suppose in all sixteen thousandths have been .

added : the two last which have been added are not reckoned, as

they produced no precipitate : the two preceding have only been in

part necessary ; that is to say, that the acting thousandths added are

above 12 and below 14, or, taking the mean, equal to 13.

Thus in the existing state of the normal solution 1013 parts are

necessary to precipitate 1 gramme of silver, while only 1000 should

be required. The quantity of concentrated solution of common salt

to be added may be found by noting that the quantity of solution of

common salt first employed that is to say, 2279*3 grammes has

only produced a standard of 1000 13= 987 thousandths, and by

the following equation :

987 : 2279-3 :: 13 : cc = 30-02 grammes.

This quantity of solution of common salt must, therefore, be mixed

with the normal solution.

After having washed the tubes and pipette with the new solution,

another check gramme of silver is operated on. It is found, for

instance, by proceeding but by one thousandths at a time, that the

first precipitates, but the second does not. The standard of the so-

lution is therefore too weak, being comprised between 1000 and

1001; that is to say, it is equal to 1000J : this, however, is not

sufficiently near.

Pour into the assay flask two thousandths of the decime solution

of silver : these will merely decompose the two thousandths of salt,

and the operation will have retrograded by two thousandths; that is,

it will be reduced to the point from which the thousandths were first
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employed. If, after brightening the liquor, half a thousandth of the

decime solution is added, there will necessarily be a precipitate, as

was before known ; but a second half thousandth produces no clou-

diness. The standard of the normal liquid is therefore between

1000 and lOOQi, or equal to 1000J.
This for most purposes may be considered sufficiently near

;
but

if it be desirable to correct it, it may be remembered that the two

quantities of solution of common salt added,

2279-3 gr. + 30-02 gr.
= 2309-32 gr.

have only produced 999 '7 5 thousandths, and that it is necessary to

add a fresh quantity corresponding to the quarter of a thousandth.

The proportion is thus found :

999-75 : 2309-32 :: 0-25 : x.

But as the first term only slightly differs from 1000, it is necessary,
A.OfC

in order to have xy to take ^- of 2309-32, and 0-577 gr. will be

found the quantity of solution of common salt to be added to the

normal solution. It is not handy to exactly take so small a quan-

tity of solution of common salt by means of the balance, but is more

readily attained in the following manner :

Weigh 50 grammes of the solution, and dilute with water until it

occupies exactly half a litre, or 500 cubic centimeters. A pipette of

this solution, containing a cubic centimeter, will give a decigramme
of the primitive solution

;
and as the pipette is divided into 20 drops,

each drop will represent 5 milligrammes of the solution. Still

smaller quantities may be determined by still further dilution, but

greater precision is useless.

The standardising of the normal solution is much less tedious

than may be supposed ;
and it must be remarked, that the liquid for

a thousand assays is prepared at once, and moreover, that in prepar-

ing a fresh solution, its true standard may be very nearly obtained

at once, if the quantities of water and salt solution previously em-

ployed have been noted.

Correction ofthe Standard of theNormal Solution ofSalt when
the Temperature varies. It has been admitted that, in the determi-

nation of the standard of the normal solution of salt, the temperature
has remained constant. Assays made under these circumstances

need no correction; but if the temperature changes, the same mea-

sure of solution will not contain the same amount of salt. Supposing
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the solution of salt has been standardised at 15. If, at the time

an experiment is made, the temperature is 18, for instance, the

solution will be found too weak, since it has become expanded, and

the pipette holds less than its weight. If, on the other hand, the

temperature falls to 12, the solution becomes concentrated, and is

found too strong. It is therefore necessary to determine the correc-

tion to be made for any variation of temperature that may occur.

To this end the temperature of a solution of common salt has

been gradually raised from 0.... 5.... 10 ...15. ...20.... 25. ...30 degrees,

and three pipettefuls of the solution exactly weighed at each of the

above temperatures. One-third of the total weight gives the mean

weight of the contents of a pipette. The corresponding weights of a

pipetteful of solution are then entered, and form the second column

of the following table, called
" Table of Correction for the Variations

of Temperature in the Normal Solution of Salt." By this table cor-

rection may be made for any temperature between and 30 degrees,

when the solution of salt has been standardised within the same

limits. Suppose, for example, the solution had been standardised 'at

15, and that at the time it was used its temperature was 18. On

referring to the second column of the table, it will be seen that the

weight of a measure of solution at 15 is 100*099 gr., and at 18,
100*065 gr. ; the difference, 0*034 gr., is the quantity of solution

taken too little, and consequently it must be added to the normal

measure, so that it may be equal to one thousand thousandths. If

the temperature of the solution had fallen to 10, the difference of

weight between a measure at 10 and a measure at 15 will be

0*019 gr., which must, on the contrary, be deducted from the

measure, as it has been taken in excess. These differences of weight

of a measure of solution at 15 and that of a measure for any other

temperature, forms the column 15 in the Table, where they are

expressed in thousandths. They are written on the same horizontal

line as the temperatures to which each corresponds, with the sign +
when they are to be added, and the sign when to be subtracted.

The columns 5, 10, 20, 25, 30, have been calculated in the

same manner, to meet cases in which the normal solution had been

graduated at each of the above-named temperatures. Thus, to cal-

culate the column 10, take the number 100-118 from the column

of weights as a point of departure, and find the difference for all

the other numbers in the same column.

An application of this table will be given hereafter.
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TABLE OF CORRECTION FOR VARIATIONS IN TEMPERATURE OF THE

NORMAL SALT SOLUTION.

Temperature
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TABLE FOR THE ASSAY,, BY THE WET METHOD, OF AN ALLOY CONTAIN-

ING ANY PROPORTIONS WHATEVER OF SILVER, BY THE EMPLOYMENT

OF A CONSTANT MEASURE OF THE NORMAL SOLUTION OF COMMON

SALT.

The process by which the normal solution of salt is measured by

weight is applicable to the assay of every kind of alloy, since it

suffices to take a weight of the solution corresponding to the pre-

sumed standard of the silver, and complete the assay by means of

the decime solution ; the process by volume, however, has not the

same advantage, because the volume of normal solution cannot be

varied in the same manner as the weight. This inconvenience,

however, is of no very great consequence, for by keeping the volume

of normal solution constant, it suffices to vary the weight of the

alloy, taking in each particular case a weight which contains

approximative^ one gramme of pure silver. Suppose the alloy has

a standard of about 900 thousandths, we have the following pro-

portion

900 thousandths : 1000 of allloyl 1 10 00 thousandths : a?=

If that weight be now taken to ascertain the standard of the

alloy, it may be found, for instance, that to the measure of 1000

thousandths of salt it is yet necessary to add 4 thousandths of salt

to precipitate the whole of the silver; that is to say, that llll'l of

alloy really contain 1004 of silver. From this result the real

standard of the alloy may be found to be 903'6, by the following

equation :

1111-1 : 1004 : 1000 : ^=903-6

But such calculations, however simple, should be avoided where

numerous daily assays are made, not only on account of the time

consumed, but still more from the errors to which such operations

are necessarily exposed. Fortunately all these inconveniences may
be avoided by the use of tables, which entirely free the assayer from

calculation.

Wishing in weighing the alloy to avoid fractions of thousandths,

and only making use of tenths and half tenths of thousandths, the

weight of alloy increases, starting from a gramme, from 5 to 5

thousandths, and the corresponding standard for each of these
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weights lias been sought, all containing one gramme of pure silver.

Thus the weight 1020 of alloy, in which there are 1000 of silver

and 20 of copper, corresponds to the standard 980'39, obtained by

the proportion

1020 : 1000 : 1000 :: # = 980-39

On this principle are formed the first and second columns of the Table

marked Salt. The first contains the weight of each alloy, and the

second its corresponding standard. The following columns, 1, 2, 3,

to 10, give the standard of the alloy, when, instead of the 1000

milligrammes of silver it was supposed to contain, it really contained

1, 2, 3, &c. more, and consequently 1, 2, 3, &c. milligrammes of

copper less.

Another Table, constructed in the same manner as the preceding,

and marked Nitrate of Silver, gives the standard of the alloy when,

under the weight given in the first column, it contains 1, 2, 3, &c.

milligrammes less silver, and as much more copper. Thus, for

example, an alloy of the weight of 1020 (1000 silver and 20 copper)

has for its standard 980 '4, in both tables. If it always contains in

the same weight 4 more silver and consequently 4 less copper, its

standard would be 984'3, and would be found in the " Salt" Table

at the intersection of the column 4, and the horizontal line 1020. If,

on the contrary, it contains 4 less of silver, and 4 more of copper, its

standard will be 976'5, and will be found in the "Nitrate of Silver"

Table, at the intersection of the column 4, and the horizontal line

1020.
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Tablesfor Determining the Standard of any Silver

approximatively containing

NITRATE OF
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Alloy by employing an Amount of Alloy always
the same Amount of Silver.

SILVER.
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NITRATE OF
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SILVER continued.
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NITRATE OF
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SILVER continued.
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NITRATE OF
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SILVER continued.
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NITRATE OF
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SILVER continued.
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Tablesfor Determining the Standard of any Silver

approxima tively con taining

COMMON
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Alloy ly employing an Amount of Alloy always
the same Amount of Silver.

SA.LT.



420 ASSAY OF SILVER.



ASSAY OP SILVER, 421

SALT continued.
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COMMON
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SALT continued.
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COMMON
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SALT continued.
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COMMON
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SALT continued.
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APPLICATION.

Assay of Pure, or nearly Pure, Silver, the Temperature of the

Normal Solution of Salt being that at which it was stan-

dardised.

First Example. Let the ingot of silver have an approximative

standard of from 995 to 1000 thousandths. Take one gramme;
dissolve it in ten grammes of nitric acid, in the bottle fig. 247.

Then pour into the bottle an exact measure of the normal solution

of salt, and brighten by agitation. The silver not being supposed

to be quite pure, the standard is not further sought for by the decime

solution of salt, but that of nitrate of silver is employed.

One thousandth of this latter solution is poured into the bottle ;

it becomes cloudy, and is well agitated. A second and a third

thousandth also give a precipitate, but not so a fourth. From these

data the following is the method of ascertaining the standard of the

alloy :

The last thousandth of the decime solution of silver, having pro-

duced no cloudiness, is not to be counted. The third was necessary,

but only partially so ; consequently the number of thousandths of

silver necessary to decompose the excess of salt is more than 2 and

less than 3 ;
in other words, it is equal to the mean, 2J; but since

2J thousandths of silver have been required to complete the precipi-

tation of salt representing 1000 thousandths of silver, it is evident

that the silver submitted to assay contained 2J thousandths of alloy,

and that its standard, to within nearly halt a thousandth, is but

997J.

If it be considered necessary to arrive nearer the true standard, the

following proofs must be employed: Pour into the solution \\
thousandths of salt, which will decompose a like number of thou-

sandths of silver.* After due agitation, add half a thousandth of

nitrate of silver. Supposing a cloudiness is produced, no further

addition must be made, for it is already known that above the third

thousandth no precipitate is formed in the liquid by nitrate of silver,

and consequently only half of the last half thousandth must be cal-

culated, as only a portion of it was necessary. From which, the

* It has already been stated how a thousandth of the decime solution may be sub-

divided by the number of drops furnished by the pipette. Tf, for instance, it contains

20 drops, 10 will give the half, 5 the quarter, &c. Half a thousandth may also be

obtained by diluting the solution with its volume of water, and using a whole pipetteful.

This latter plan has been found the best in practice.
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entire number of thousandths of nitrate of silver being 4J, and those

of salt 1 J, there remains 2-f- for the number of thousandths of nitrate

of silver added to tbe normal solution; and consequently the

standard of the alloy is 1000 ~2f= 997J. If, on the other hand,

the last half thousandth of nitrate of silver had produced no cloudi-

ness, it would not have to be reckoned, and only half of the preced-

ing half thousandth would have been taken. Thus from the 4 thou-

sandths of nitrate of silver employed a quarter of a thousandth is

deducted ; and from the difference, 8|, is yet deducted 1J of salt,

the final remainder being 2J thousandths of nitrate of silver which

have been added to the normal solution : the standard of the alloy

would be 1000-2i=997}.

Although the above-described operation is very simple, yet it is

desirable, in order to avoid all confusion, to note in writing such

thousandths of salt or nitrate of silver as are added. The thousandths

of salt indicating an increase of standard should be preceded by the

sign + ;
and the thousandths of nitrate of silver announcing a

diminution of standard, by the sign .

Second Example. Suppose the ingot has a presumed standard

of 895 thousandths, and the temperature of the normal solution

supposed invariable.

Find in the table of standards (Salt Table), first column, that which

approaches the nearest to 8135; it will be found to be896'9, correspond-

ing to the weight of 1115 milligrammes. This weight of the alloy is

taken and dissolved in nitric acid, a measure of normal solution of salt

added, and the whole well agitated. The operator is, however,

doubtful whether the assay must be proceeded with by the decime

salt solution, or the nitrate of silver decime solution. If the former

produces a precipitate, it is gone on with
;
but if it does not preci-

pitate, that already added is decomposed by a similar addition of the

second, and the solution rendered bright by agitation. A starting

point has now been arrived at for the continuance of the assay, for

it is known that the nitrate of silver solution must be employed.

Suppose, then, that the alloy, after the addition of the measure of

normal solution, yet gives a precipitate with the decime solution of

salt. The first five thousandths produce a precipitate, but not the

sixth, which consequently is not counted. The fifth has only been

partially required, so that it is more than 4 thousandths, and less

than 5, or the mean, 4, is the quantity required to entirely preci-

pitate the excess of silver in the alloy submitted to assay. But by

neglecting at first the fraction 0*5, seek in the Salt Table of standards
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the number found on the longitudinal line of the weight 1115, under

column 4 ; it is 900*4, and on adding 0*5 to this number, we have

900-9, or 901, for the required standard.

Supposing, however, that the same alloy, after the addition of the

normal measure of salt, gives a precipitate with nitrate of silver, and

that the three first thousandths produce a cloudiness, but not the

fourth. The number of thousandths of nitrate of silver really ne-

cessary for complete precipitation will be very nearly 2. To ascer-

tain the real standard of the alloy of which 1115 thousandths were

supposed to contain about 1000 thousandths of silver, take the

number found in the horizontal line 1115, and in the column 2 of

the Nitrate of Silver Table. This number, which is 895*1, dimi-

nished by the fraction 5, gives 894 '6 for the standard of the alloy

to within half a thousandth.

Third Example. The actual temperature of the normal solution

of salt being 18 when it was standardised at 15.

The ingot of silver submitted to assay has an approximative

standard of 795 thousandths. Find in the Salt Table of Standards,

first column, that which is nearest to it; it is 793*7, corresponding to

the weight 1260. This weight of the alloy is taken, and the opera-

tion proceeded with as already described. Supposing it had required

6*5 thousandths of salt to precipitate the whole of the silver con-

tained in the alloy to within half a thousandth, the required standard,

without correction for temperature, will be 798*4 + 0*4= 798*8.

But, making this correction, recourse must be had to the table, page

405, column 15 : the number 0' 3, which will be found in the horizontal

line 18 and the column 15, possesses the sign; consequently it

must be deducted from 798 8, and the remainder, 798*5, will be the

standard weight. If the temperature of the solution, instead of being

3 higher than at the time it was standardised, was 3 lower, or 12,
the correction must be added, and would be equal to +0*2. The

standard of the alloy would consequently be 798*8 + 0*2= 799.

Graduation of the Normal Solution of Salt, the Temperature

being different to that at which it is ivished to be graduated.

Two equally ready processes can be employed. The one consists

in reducing the temperature of the solution to the desired degree

before standardising ; the other, in determining its standard without

regard to the temperature of the solution, and then correcting its

influence by the aid of the tables of correction already given.
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First Process. Place the liquid to be graduated in a bottle, F,

fig. 262. Introduce a thermometer, and heat to a determinate

degree, say 20 for instance. This done, place the jet of the pipette

in the bottle ; raise the liquid by aspiration by means of the conical

tube, T, fig. 256, which is adapted to the open-

ing of the air-cock, R. As soon as the liquid

is raised a little above the mark a by which de-

termines the capacity of the pipette, close the

stop-cock, and complete the measurement as

usual. This same means of filling the pipette

by aspiration may be employed to fill it either

with caustic alkali or nitric acid, as the case

may be, to cleanse it instead of taking it to

pieces.

Second Method. The solution of salt being

supposed at a temperature of 16, and it is de-

sired to graduate it at that of 20. Proceed

with the standardising without regard to tem-

perature ;
but when it is obtained in each trial

assay, it is necessary to make the correction re-

quired by the temperature.

If, for example, in an approximative assay the

standard of the solution was expressed by

1001-5, this standard would not only be too

weak by 1'5 thousandth, but, according to the

table of temperatures, by yet another 0'5, for

the solution is weakened by this quantity by

passing from 16 to 20. The standard, if

taken at this last temperature, would be too low

by two thousandths, and must consequently be

corrected.

If, on the other hand, the standard of the solution were too high
instead of too low, and expressed by 998'5 at the temperature of

16 ; at that of 20, the solution being weakened by 0'5, the
standard would only be but one thousandth too high, and it must be
corrected by that quantity.

Approximative Determination of the Standard of an Unknown
Alloy.

It has always been supposed, in the experiments already detailed,

that the approximative standard of the alloy submitted to assay was
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known ; and this, indeed, is nearly always the case. If, however,

this be unknown, two means are available for obtaining the neces-

sary knowledge. A decigramme of the alloy is cupelled with one

gramme of lead ; or, if it be desirable not to use the cupel, it may
be ascertained by the humid method, in the following manner :

The assayer supposes the standard of the alloy known to about a

twentieth, and it can always be found nearer than that by touch,

density, &c. A weight relative to its supposed standard is taken,

and its standard sought by adding the decime liquid by 10 thou-

sandths at a time, by means of pipettes of this capacity (see fig. 263).

The term of complete precipitation is soon passed, and

the standard of the alloy to about 5 thousandths is

thus ascertained. The approximative standard to

2J thousandths may be obtained by adding only 5

thousandths of solution at a time.

Suppose the alloy 840 thousandths. Take the

weight 1190, corresponding to this standard, and

proceed as in an ordinary assay, adding each time, for

example, a pipette of 10 thousandths of salt solution.

It is found the fifth pipette gives no precipitate, and

consequently the number of thousandths of salt for

the precipitate of the silver to within 5 thousandths is

35. The 1199 of alloy will therefore contain

1000 + 35= 1035 of silver; and the approximative

standard will be obtained by the proportion

11-20 : 1035 :: 1000 : x =869-7.

Modes of Abridging Manipulation.

In the statement already given of the mode of con-

ducting the assay by the wet method, only such

instructions have been given as were necessary for its

full comprehension, and everything that might call

away or fatigue the attention has been omitted.

Nevertheless, here it will be convenient to describe some methods

of abridging the necessary manipulations, supposing that ten, or at

least five, assays are made at once.

Bottles. It is necessary to have these all as nearly as possible of

the same height and diameter. They are marked progressively on

the shoulder, as are also their stoppers (fig. 264), thus 1, 2, 3, 4,

&c. They are taken successively by tens, in the natural order.
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The stoppers are placed on a support, numbered in the same manner

(fig. 265). The support is pierced with ten holes, distinguished in

precedence by a mark between the fifth and sixth.

FIG. 264. FIG. 265.

Stand. Each ten flasks are in turn placed in a case or stand of

japanned tin plate (fig. 266), having ten compartments numbered

from 1 to 10. Each of FIG. 266. FIG. 267.

these compartments is cut

out anteriorly to about

naif their length, so as to

allow the numbers of the

bottles to be seen. The

same stand serves for all

the series, by making the

same units correspond :

thus No. 23 of the third

series is placed in stand

No. 3, &c. When each flask is charged with the alloy, about 10

grammes of nitric acid, 32 Reaumur, are measured by a pipette

fig. 251, introduced into the bottles by means of a funnel with a

large neck
(fig. 267). The whole are then exposed to the heat of a

water bath, to facilitate the solution of the alloy.

Water-bath. This is an oblong tin-plate vessel, calculated to

receive 10 bottles (fig. 268). It has a rnoveable double bottom,

pierced with small holes, the principal object of which is to prevent

the fracture of the bottles by isolating them from the bottom of the

vessel, which is immediately exposed to the heat. On the moveable

bottom are soldered the cylinders c c, three or four centimeters in

height, and above which, at the distance of eight centimeters, is a

sheet of tin-plate, p p, pierced with ten holes, corresponding to the

cylinders, and connected with the moveable bottom by the supports,

6- 8. These cylinders, and .the sheet of tin-plate, are destined to

F F
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PIG. 269.

isolate the bottles FF one from the other in the bath, and to keep

FIG. 268. them some time suspended over

it, when thewater is boiling, before

complete immersion. The water-

bath may be replaced by a steam

bath
;
the bottles will then be

supported by a grating above

the surface of the water. The

solution of the alloy in the

nitric acid takes place rapidly,

and as it gives rise to an abun-

dant evolution of nitrous vapour,

it must be made under a flue

having a good draught.

Flue. This is represented at Pig. 269. C C is a flue resting on

a table or support, T T, about 90 centimeters high. The anterior

side in the figure is removed to

show the waterbath B, and the

furnace F. The opening of the

flue is closed by the wooden door,

p, moveable on two excentric

pivots, which keep it up during

the solution, and allow it to fall so

that the flasks may be placed

upon it. The nitrous vapour is

removed from the bottles with the

blower, fig. 252. The hood, H,

prevents the diffusion of the nitrous vapour in the laboratory.

Agitator. Figure 270 gives a sufficiently exact idea of this

apparatus, and dispenses with a long description. It has ten

cylindrical compartments, numbered from 1 to 10. The bottles,

after solution of the alloy, are placed in it in the order of their

numbers. The agitator is then placed by the side of the pipette, by
which is measured the normal solution of salt, and into each flask is

poured a pipetteful of the solution. The bottles are fitted with

their stoppers, previously moistened with distilled water (fig. 271) ;

they are then fixed in order with wooden wedges (fig. 272). The

agitator is suspended to a spring R, and a rapid alternating

movement given to it with both hands, by which the solution is

agitated, and in less than a minute rendered as clear as water.
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This movement is assisted by a spiral spring, B, fixed to the agitator

and its stand. The agitation finished, the wedges are removed, and

Fia. 270. Fia. 271.

placed in the vacant "spaces between the compartments. The

agitator is taken from the spring, and the bottles placed in order on

a table .prepared to receive them.

Table. This table (fig. 273) has a double bottom; the upper is

pierced with ten holes, a little larger than the diameter of the

bottles, and of such a distance from the lower portion, or false

bottom, that the flasks do not rise above its edge, or at least but

little. This disposition is to protect the chloride of silver from the

light, for it decomposes in contact with water, and a little hydro-
chloric acid is produced, which requires for its precipitation a cer-

tain quantity of nitrate of silver, and so lowers the standard of the

alloy. This cause of error is however not very great, at least when

the light does not fall directly on the chloride ; but it is easy to

avoid, and should not be neglected. The disposition already pointed
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out -does not at all complicate the process, anil is moreover useful,

as it prevents the fracture or upsetting of the bottles. When but

one bottle is operated on, it is placed for agitation in a japanned
FIG. 273. tin-plate cylinder, which is held

as shewn at fig 273. On placing

the bottles in their respective

places on the table, a brisk cir-

cular movement is given to them,

so as to remove any chloride of

silver adhering to the sides ; their

stoppers are removed and sus-

pended by spring pincers, a .

These are formed of sheet iron

wire, see fig. 274. A thousandth

of the decime solution is then

poured into each bottle, and

before this has been completed

there will have formed in the first bottles where there is any pre-

cipitate, a well marked nebular layer about a centimeter in thickness,

FIG. 274. FIG. 275.

At the back of the table is a black board, P P, divided into com-

partments numbered from 1 to 10, on each of which is marked with

chalk the number of thousandths of docirne liquid added to the con-

tents of the corresponding bottle. The thousandths of salt an-

?iouncing augmentation of standard are preceded by the sign -f-,

those of nitrate of silver by the sign .

Lastly, the black board carries a small shelf pierced with holes t ty

and these receive the funnels or drain the bottles; on this .shelf

also are fastened the pincers for sustaining the stoppers.

Gleaming the bottles. The assays terminated, the liquid from
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each flask is poured into a large vessel in which there is always a

slight excess of common salt, and when it is full the clear super-

natant fluid is removed -by means of a syphon. Immediately will

be given the means of reducing the chloride of silver so collected

to the metallic state. The bottles, to the number of ten, are first

rinsed with the same water passed from T?,G . 276.

one to the other, then a second and

then a third time with fresh water. They
are then placed to drain on the board

just mentioned, and the stoppers are

placed in a stand by series of tens (see

figs. 276 and 265). It is important to remark, that when a glass

has been rinsed with distilled water, care must be taken not to rub

it with the fingers, for water poured in such a vessel would always be

clouded on the addition of nitrate of silver. This effect is due to

the chlorides contained in the perspiration, and is of course more to

be guarded against in summer.

Reduction of Chloride of Silver obtained in the Assay of Alloys

by the Humid Method.

Chloride of silver can be reduced without sensible loss, after having
been well washed, by plunging into it scraps of iron or zinc, and

adding dilute sulphuric acid in sufficient quantity to set up a slight

disengagement of hydrogen gas. The whole can be left to itself,

and in the course of a few days the silver is completely reduced.

This point can be easily determined by the colour and nature of

the product, but better still by treating a small quantity by ammonia,
which if the chloride is perfectly reduced will give no precipitate or

cloudiness on treatment with an acid. The chlorine remains in

solution in the water combined with zinc or iron. The residue must

now be washed ; the first washings are made with acidulated water,

to dissolve oxide of iron which might have formed, and the follow-

ing with ordinary water : after having completed the washing, as

much water as may be left is decanted, the mass dried, and a

little powdered borax added. Nothing now remains but to fuse it.

The powdered silver being voluminous, it is placed by separate por-

tions into the crucible, in proportion as it sinks. The heat should

be at first moderate, but towards the end of the operation should

be sufficiently high to reduce the silver and slag to a state of com-

plete liquidity. If it be found that not quite all the chloride was
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reduced by the iron or zinc, a little carbonate of potash or soda

may be added to the powdered silver. The standard of silver thus

obtained is from 999 to 1000 thousandths.

Preparation of Perfectly Pure Silver.

Take the silver prepared as above, dissolve it in nitric acid, and

leave the solution some time in perfect rest in water, to deposit any

gold it might contain. Decant the solution, and precipitate with

common salt, well wash the precipitate, and reduce it, when the

resulting silver will be perfectly pure.

M. Gay Lussac here gives a description of a process for the pre-

cipitation of chlorine from nitric acid for use in the mode of assay

already described ; but as that acid in a state of purity forms an

ordinary article of commerce, and can be obtained at Messrs. Simpson
and Maule's, of Kennington Road, and elsewhere, the process will

not be here reproduced.

Modifications required in the Assay of Silver Alloys containing

Mercury.

Whenever mercury is present in solution with silver, it is thrown

down as insoluble chloride, and the assay rendered inaccurate. The

presence of mercury in silver can be readily detected by the remark-

able change which occurs in chloride of silver on exposure to light

(viz. blackening) when free from mercury ; but if the smallest quan-

tity of the latter metal be present, no blackening will ensue, This

source of error was removed by M. Levol in the following manner :

The sample being dissolved, as usual, in nitric acid, it was super-

saturated with 25 cubic centimeters of caustic ammonia ; then add

the pipetteful of normal solution, and supersaturate the excess of

ammonia with 20 cubic centimeters of acetic acid, and the operation

continued in the usual way.

It may not be superfluous to state, that it is very easy to obtain

an excellent result of an assay of silver containing mercury, made in

the ordinary way, and in which the presence of the mercury is ren-

dered manifest by the non-colouration of the precipitate under the

influence of light. It suffices for this purpose to dissolve the preci-

pitate in concentrated ammonia, and to supersaturate with acetic

acid.

The ordinary acetic acid of commerce is employed, and the am-

monia diluted with its volume of water, to avoid the too violent

reaction, Both agents must be free from chlorides.
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Some little time after the publication of this, M. Gay Lussac exa-

mined the above process himself, and very considerably simplified it.

He says, "after having confirmed by several experiments the accuracy

of M. Level's process, I thought it might be simplified by adding to

the nitric solution of silver the ammonia and acetic acid at one and

the same time, but in sufficient quantity to saturate the whole of the

nitric acid, both that in combination with the silver and that in the

free state. Ten grammes of acetate of ammonia were added, with a

little water, to the silver dissolved in nitric acid, and the assay

finished in the ordinary manner. The quantity indicated by syn-

thesis was found very accurately, although 100 thousandths of mer-

cury had been added." Finally, M. Gay Lussac found that 1 grammes
of acetate of soda, in crystals, also fully answered the purpose ; and

as that is a very cheap commercial salt, it is the best adapted for

overcoming the difficulty in this class of assay, as regards the presence

of mercury.

APPENDIX.

In the foregone description of the method of

assay by the humid method, it has been the ob-

ject of the writer not to distract the attention by
too numerous details. Here, however, will be

given the processes to which personal experience

has given the preference.

Apparatusfor Weighing the Normal Solution

of Salt.

The apparatus about to be described enables

the operator to weigh the normal solution of

salt more rapidly than by means of the burette,

(fig. 240) . It is a pipette, P (fig. 21 7), capable

of furnishing in a continuous jet very nearly

100 grammes of solution, when filled up to the

mark a I, at the ordinary temperature. As this

weight changes its volume with the temperature,

some marks are traced .on the neck of the

pipette, so as to regulate approximatively the

volume to be taken. The pipette is terminated

below by a three-footed stop-cock, JR, ha\ ing a

narrow outlet,^? (about two millimeters). It is

Fro. 277.
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FIG. 278.

FIG. 279.

filled with solution by means of a small silver funnel (fig. 278), or

better still by the suction-tube, T, of the apparatus fig. 261, making
an addition similar to that represented by fig. 276.

The pipette is adjusted by absorbing the excess of

liquid with a small roll of filtering or other ab-

sorbent paper, or by allowing its exit by the stop-

cock. The following is the method of proceeding :

The pipette being approximative^ adjusted to

nearly 1 or 3 thousandths, it is placed in the balance

described fig. 245, with a constant equivalent

weight, and the equilibrium effected by means of

the rider. It is then placed over the bottle in

which the assay was dissolved, the stop-cock opened,

and the liquid run out. The stop-cock must be shut as soon as the

jet stops. The pipette is again placed in the balance with a weight

of 100 grains, and the equilibrium effected by aid of the rider. This

process is certainly more rapid than weigh-

ing with the burette. The weighing can

be made even more rapidly by suspending

the burette from the beam of the balance.

Apparatusfor Filling the Pipette with

Normal Solution by Aspiration, and

for convenient adjustment.
This apparatus was the first employed,

and has been in use for a considerable

time. It is here described, because it

appears extremely suitable for such per-

sons as may be very little used to mani-

pulation. It is sufficiently delineated in

fig. 279. To fill the pipette, the jet or

beak is plunged into a bottle containing

the normal solution of salt, and the liquid

is raised by the glass tube T, fixed to the

socket D by means of a cork. The stop-

cock, R, is then closed whilst the tube is

yet in the mouth, and the pipette is placed

on its support in the following manner :

Take hold of its neck with the left hand,

and place its beak or jet in the lower arm
;

then its neck in the upper arm, the blades
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FIG. 280.

of which are opened by means of the fingers. The pipette thus

placed, so that its jet cannot be injured by the bottle, F, which is

destined to receive the solution, it is adjusted by aid of the screw,

V, whilst the "handkerchief," M, is applied to the jet; and as soon

as it is adjusted, the handkerchief is removed with one hand, and the

bottle placed under it with the other. The fluid is then allowed

to run.

Another Apparatusforfilling the Pipette with Normal Salt

Solution.

In this apparatus (fig. 280) the pipette is

moveable from below, above, to receive the

tube /, through which the salt solution

passes, and which fits the neck of thepipette

like a funnel. To obtain this ascensional

movement without lateral deviation, the

jet of the pipette passes into a hole pierced

in the cross piece A B, and the stop-cock,

fitted to its upper part, carries two wings,

R R, working in slots cut in the sup-

ports, M M. The extent of movement is

regulated by two corks, B b, cemented on

to the lower part of the pipette. To fill

it, the forefinger of the left hand is placed

against the lower orifice, and the whole

raised until the cork, by touches the cross

piece. By this ascensional movement the

tube, /, enters the neck of the pipette :

immediately the stop-cock of the reservoir

must be opened. When ihe pipette is

filled it is allowed to fall again, the stop-

cock shut, the finger removed, and finally

adjusted.

The reservoir containing the solution

is, for the sake of convenience, move-

able.

Apparatusfor Preserving the Normal Solution of Salt at a

constant Temperature.

The bulk of the normal solution of salt is too great to allow of its

temperature being readily changed and reduced to any determinate

degree. This, indeed, would be useless, for it suffices that the
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quantity of solution to be employed in the day should possess the

desired temperature.

The solution, before entering the pipette from its reservoir, traverses

an intermediate bottle, F (fig. 2 81), in which its temperature is

2gl suitably varied. The flask has three

tubulures, A. B, C. To the tubulure

A is adapted a tube with a stop-cock ;

this carries the solution into the

bottle. To the tubulure B is fixed a

centigrade thermometer, which indi-

cates the temperature of the solution ;

and through the tubulure C passes a

syphon, which conveys the liquid to

the pipette. The bottle is enveloped

in a sheet-iron casing, d e f gt

whose diameter is from three to four

centimeters greater. The interme-

dia! e space is closed above by a border

on the envelope, and by strips of paper

cemented with glue. The bottle

stands on a plate of sheet-iron of its

own diameter, fixed to the casing by
three supports ; but it is separated by
a thick sheet of card-board, employed
as a bad conductor of heat. Below

this plate, at the distance of from 12

to 15 millimetres, is another of smaller

diameter, the object of which is to

deaden and spread the too powerful

heat of a spirit-lamp, H, which is

employed to raise the temperature of the salt solution. [A gas flame

is still better. J. M.] The heated air rises into the annu-

lar chimney, between the bottle and its casing, and escapes by the

small circular openings, h h, &c. This apparatus only serves to heat

the solution ; it is very difficult to cool it.

Means of Protection from the Nitrous Vapour disengagedfrom
the Bottles during the Process ofAssay ly the Humid Method.

After the solution of the silver in nitric acid, it has been recom-

mended that the nitrous vapour be expelled from the flasks by the

introduction of air by the blower, fig. 252. But the solution yet
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remains impregnated with nitrous vapour, which continues to pass

off; and it is only when it is completely cold that its disengagement
is scarcely sensible. It therefore becomes necessary to find protec-

tion from this whilst the solution is yet very hot, and the vapour
abundant. To the jet of the pipette, fig. 281, is adapted a funnel

having a lateral tubulure, /, or simply an opening, by means of

which it is placed in communication with a tube, T, T3 of three or

four centimeters in diameter, entering into the case Z), in which is a

lamp, or a chauffer with live coals. The air necessary to support
this combustion can only enter the box by passing through the

funnel, and carries off the nitrous vapour displaced by the normal

solution at the moment it is run into the bottle. Prom the case the

nitrous vapour escapes with the air, by the tube p, either into a

chimney or outside the laboratory. The funnel has a small portion cut

off, so as to allow the free passage of the "handkerchief" to the pipette.

This apparatus is very handy, and answers its purpose remarkably
well ; but, if the locality will allow, the following is preferable :

The jet of the pipette also has a funnel (see fig. 282), but the

draught is determined from below by means of the tube T I, which

passes under the floor, and then

enters the chimney or flue under

which the alloys are dissolved.

The cylinder, e e, in which the

bottle, Ft is placed, is enveloped

in another cylinder, C C, two cen-

timeters greater in diameter. It

is through this intermediate space

that the nitrous vapour is carried

off. But, so that none may re-

main in the funnel, air also passes

in by four openings, o o, pierced

through the cork by which the

funnel is fixed to the pipette. Lastly, in order to render the funnel

easy of ascent and descent, a ferrule, i r, furnished exteriorly with a

screw thread, is cemented to the beak of the pipette ; and it is on

this ferule that the funnel turns. The interior cylinder is connected

with the exterior by three small pieces of metal soldered to either

cylinder, so as to leave the intermediate space as free as possible.*

* A case built against the laboratory wall, having moveable glazed windows in front,

and connected above with a flue, is the most simple mode of preventing the escape of

noxious vapours.
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Method of Taking the Assayfrom the Ingot.

The ingots are so rarely perfectly homogeneous, even taking as a

starting point the standard 950 thousandths, that the differences

remarked between the assays of samples made in different places
should rather be attributed to the above cause than to the assay
itself. It is important, therefore, to take a sample in a uniform

manner, and from the same depth, on the upper surface of the ingot

F|G 2S3
as on the lower. This condition

is perfectly fulfilled by boring
' the ingots with a kind of drill,

similar to that employed by the

smith, and which is represented

at fig. 283. The ingot, L, is

placed in a copper tray, (7; and

in order to retain the borings,

which might otherwise be

thrown out, the drill, fy is sur-

rounded by a casing, m, which

does not impede its motion, and

stands freely on the ingot. After

a few turns of the drill, the first

borings, which are not pure, are

removed by means of a feather,

and only those following are

collected and reserved for assay.

If it be desirable to try the

lateral faces, it is necessary to

employ a pressure screw, to

keep the ingot in the position

that may be deemed necessary.

The following is a slight modification of the process as already

described, and the necessary apparatus are to be found in every

laboratory. T employ in this class of assay very simple apparatus,

(similar to those used in alkalimetry) to determine the weight of the

standard solution of salt added : and the results so obtained always

correspond.

The apparatus I employ are as follows: A sm-ill flask for the

solution of the silver to be assayed, a stoppered bottle (containing

from three to four fluid ounces), in which the decomposition of the

silver solution is made, and two small alkalimeters, known by the
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name of Schuster's. The alkalimeter is a light glass bottle, with two

openings, one of which is drawn out, and extends over the tide of

the flask, parallel to its bottom ; this aperture is for the purpose of

allowing the fluid contained in the bottle to pass out in single drops,

which it does most effectually. The other aperture just mentioned

is furnished with a small stopper, and is used for the introduction of

the fluid. An accurate balance and weights, with a few stirring

rods, complete the set.

. The standard solution of salt is made as follows : It is absolutely

necessary to employ pure salt. It is better to manufacture this,

which may be accomplished by accurately neutralising pure hydro-

chloric acid with bicarbonate of soda, evaporating the solution to

dryness, and fusing the dry residue, taking care to place it, whilst

warm, in a well-stopped bottle, to preserve it perfectly free from

moisture.

Distilled wafer must also be employed, of which 94'573 parts

must have added to them 5*427 parts of the salt, as above prepared.

The solution so formed must be kept in glass stoppered bottles, and

exposed as little as possible to the air during manipulation, otherwise

it will become sensibly stronger by evaporation, and cause fallacious

results; 100 grains, by weight, of this solution, precipitate exactly

10 grains of silver.

I also employ another solution, the use of which will be pointed
out hereafter. This solution is made by dissolving 10 grains of pure
silver in a small quantity of nitric acid, and adding pure water (dis-

tilled) to the solution, until its weight amounts to 10,000 grains.

This is the verifying solution.

This solution must be preserved with the same precautions as to

exposure to air, &c., as the last
;
in addition to which it must be

kept in a dark place.

The assay is thus made : 10 grains of the alloy are dissolved in

nitric acid ; when the solution is effected, water (distilled) must be

added, and the whole poured into the assay bottle before mentioned.

The flask in which the solution was made must be carefully washed

out, and the rinsings added to that already in the assay bottle. A
quantity (any amount) of the solution of salt must be placed in one

of the alkalimeters, which, with it, must be carefully weighed, and

the weight noted. The standard solution is now to be added, drop

by drop, to the solution of the alloy in the bottle, replacing the

stopper (taking care to hold it in the hand whilst dropping in the

solution of salt) after each addition, and shaking the bottle well, to
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clarify its contents ; repeating the above routine until the last drop

occasions no turbidity in the liquid.

The weight of the alkalimeter and contents must now be again

taken, and the amount of grains of salt solution employed noted.

There is most likely now in the bottle a little excess of salt, the

amount of which must be estimated by the verifying solution just

mentioned, in the following manner. Place in the other alkalimeter

a certain amount (any quantity) of the verifying solution, and ascer-

tain its weight with that of the alkalimeter, taking care to note it.

Now add the solution, drop by drop, to the assay in the bottle, ob-

serving all the precautions as to agitation, &c., already pointed out,

until the last drop causes no turbidity ;
then weigh the alkalimeter,

and note the loss of weight, and from the amounts of solution used

calculate the standard of the silver alloy in thousandths. This will

be rendered perfectly clear by an example : 10 grains of alloy require

for complete precipitation 60*7 grains of the salt solution; and as

10 grains of the solution are equal to 1 grain of silver, 60*7 is equal

to 6*07 of silver; but a slight excess of solution has been added,

which has increased the amount of silver above its true quantity ;

therefore 52 grains of the verifying solution were added ; and as each

100 grains of such solution contains '1 of a grain of silver, the 52

grains will contain *052 of silver, which, deducted from 6*07 = 6*018

of silver, which gives 601*8 thousandths as the true standard of the

alloy operated upon.

CHAPTER XL

ASSAY OF GOLD.

FOB, the purposes of assay, all substances containing gold may be

divided into two classes, as in the case of silver.

The First Class comprises all substances containing gold in a

minute state of division ; such, for instance, as those which, suitably

pulverised, completely pass through a sieve of 80 holes to the linear

inch. It often happens, however, that these substances contain

fragments of gold of such magnitude as will not allow them to pass

through the sieve : in such cases, that which passes through belongs

to the first class, and that which remains on the sieve to the second

class.

The Second Class comprises all alloys of gold, native or otherwise.
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Substances of Class First.

The name of substances belonging to this class is legion, for an

extended examination shews that nearly every mineral substance

contains more or less gold. The most common are gold quartz,

auriferous gossans, sulphurets of iron (mundic), blendes, copper

pyrites, many antimonial minerals, galenas, and nearly all the primi-

tive rocks. All auriferous slags, amalgamation residues, and tailings,

belong to this class.*

Assay of Substances ofthe First Class. This assay is conducted

in precisely the same manner as that of the corresponding silver

class, which see. In case, however, the amount of gold present in the

sample is small, as much as 2000 grains, with flux suitably increased,

may be employed. In case any metallic gold is left in the sieve, its

amount is to be calculated as that of silver (see pages 366 and 367).

It may here be mentioned, that if silver or platinum coexist with

the gold in the mineral subjected to assay, it will be found combined

with the gold obtained by cupellation ; and all gold so obtained

must be submitted to the "
parting process," which see under the

head "
Assay of Auriferous Substances of the Second Class." It

may here be mentioned; that the metallic gold left on the sieve must

be thus operated on, as well as that obtained by fusion of the sieved

ore and consequent cupellation, before the calculation given at pages

366 and 367 be entered into.

When gold is associated in quantity with quartz, its per centage

can be approximatively ascertained in the same manner as that of

pure tin-stone when mixed with quartz (see pages 304 and 305). If

possible a fragment of the gold must be detached from the quartz,

arid its specific gravity taken : if this be not possible, and the gold is

nearly fine, the number 19 may be adopted. It is better, however, to

determine experimentally the specific gravity of both quartz and gold.

Substances of the Second Class.

Native Gold.

Aururets of Silver (Native).

Gold and Rhodium.

Gold and Palladium.

Argentiferous Telluret of Gold.

Pluinbo-argentiferous Telluret of Gold.

Sulpho-plumbiferous Telluret of Gold.

Artificial Alloys of Gold.

* This matter, as well as all others connected with gold, as its Production, Distribu-

tion, &c. will be fully treated in a volume the author is now jm paring.
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Native Gold and Aururets of Silver (Native) Au and AuAgn
, are

found in variously contorted and branched filaments, in scales, in plates,

in small irregular masses, in the crevices or on the surface of common

ferruginous and other quartz. In Devonshire, at the Britannia

Mine, it has occurred in pipes or veins, and disseminated in a com-

pact hard gossan, one specimen of which I found to contain 27 J per

cent, of fine gold ; or, as in Wales, it largely accompanies blende and

galena : it also occurs in a pyritous quartz ; and it has been found

in Scotland and Ireland. In the latter locality it occurred in the

beds of streams as small scales and rolled masses, and nearly up to the

present time this has been the most frequent mode of occurrence ; but

now, however, by the aid of improved machinery, rocks and minerals

containing a comparatively small quantity can be profitably worked ;

and from this source, doubtless, will the greatest part of the gold to

be poured into commerce be extracted. The following are some of

its crystalline forms (see figs. 283, 284, 285, 286, 287, 288, 289.)

FIG. 284. FIG. 283

FIG. 286. Fro. 287. FIG. 288.

FIG. 28.). FIG. 290.
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Composition of several Varieties of Native Gold, by Boussin-

gault^ the chiefpartfrom Central America.

Malpaso. Llano. La Baja. Rio-Sucio.

Gold .88-24'. . 88-58 . . 8845 . . 87'94

Silver 1V76
'

. / 1142 11 :85 12-06

100-00

Ojas Anchas.

Gold . 84-50

Silver . 15-50

100-00

Gold

Silver

Titiribi.

74-00

26-00

100-00

100-00

Trinidad.

82-40

17-60

100-00

Marmato.

73-45

26-55

100-00

100-00

Guano.

. 73-68

. 26-32

100-00

Transylvania.

. 64-52

. 3548

100-00

100-00

Otramina.

. 73-60

, 26-60

100-00

Santa Rosa.

. 64-93

35-07

100-00

Specimens of Goldfrom Siberia, by Rose.

Schabrowski, near Borushka, near

Katherinenburg. Nischen-Tagil.

Gold

Silver

Copper
Iron

98-76

00-16

00-35

00-05

99-32
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Alexander Andrejeusk,
Borushklei. near Miask.

Gold . . 90-76 . , i 87-40

Silver . . 9'02 , . . 12*07

Copper . -09 . . . -09

99-87 99-56

Goldfrom Seneyal, by D'Arcel.

Gold . , , ,t . .. .v.i? 86-97

Silver . , . .. .
> .. . . G 10-53

97-50

Goldfrom Brazil, by D'Arcet.

Gold . . . . . 94-00

Silver 5-85

C9-85

Goldfrom Anamaboc, Africa, by Henry.
Gold 98-06

Silver ... . . . ]-39

Iron . . . . . . '15

99-60

Goldfrom California, by Henry.
1. 2.

Gold . . 86-87 . . 8S-75

Silver . . 12-33 . .; 8-88

Copper . . -29 . '85

Iron . . '54 . . traces

Silica .
*

. -00 . 1-40

100-03 99-88

Goldfrom California, by Teschemaclier.

Gold . . . . . . 90-33

Silver 6-80

Oxide of iron ..... . .. 1*10

Sand -66

98-89
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Goldfrom AutttfaJJa, by ffent'f/.

Gold . / .*'-' . . . 95-68

Silver v % \ . . . 392
Iron . '. ; , . -16

__ 99.76

Goldfrom Devonshire and Wales, by the Author*

The author has received two specimens of gold, one from Wales,

and the other from the Britannia Mine, Devon
;
and found both

to be absolutely fine gold.

Gold and Rhodium. This compound was discovered by M-

Andre del Rio among some gold ores in Mexico. It has a gold

colour, and contains variable proportions of rhodium; the moan,

however, is 34 per cent.

Gold and Palladium. The following is the composition of this

alloy :

Gold 85-98

Palladium 9.85

Silver 4-17

100-00

Argentiferous Telluret of Gold (AgTe2 -f 3AuTe6). This mine-

ral has a steel grey colour and metallic appearance. It crystallizes

in small rhomboidal prisms.

Composition :

G (1 ....... 30

Silver . . . . . . 10

Tellurium 16
56

Plumbo-argentiferous Telluret of Gold (probable formula,

AgTe2 -f 8AuTe3 + 2PbTe2). Colour silver white, passing to brass

yellow ;
semi-ductile ; fracture lamellar in one direction, granular in

the other. It is sometimes found crystallised in small four-faced

rectangular prisms, but more often in thin plates.

Composition :

Gold .. ... . . . 26-75

Silver . . . . . . 8-50

Lead 19'50

Tellurium . . . . . 44'75

Sulphur -50

100-00

iliferQUS Telluret of Gold (probable formula

+ 4PbTe2 -f 2PbS). Colour deep lead grey, very br.lliant;
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crystallises in slightly elongated hexahedral tables. Its fracture is

lamellar; it is soft, ami stains slightly.

Composition :

Gold . ." ." . i . . 9-0

Silver .'.'.'.'.'. '. -5

Lead ... . 54'0

Copper . . . . . .1-3
Tellurium . .... 32*2

Sulphur , , . . . .3-0
100-0

Artificial Alloys of Gold. The only one of these alloys which

will be specially noticed here, is the standard gold of this realm. It

is composed of 22 parts of fine gold and 2 parts of alloy (copper),

constituting 22 carat or standard gold.

General Observations on the Assay of Gold Alloys.

Cupellation, Gold and Lead. The cupellation of the alloys of

gold and lead is conducted in a similar manner to those of silver

and lead. It presents even less difficulty, and requires less precau-

tion, because it is not so volatile, and because it has a less tendency

than silver to penetrate into the cupel, and the button is less subject

to throw pieces out of the cupel. These cupellations take place at a

higher temperature than those of silver, and we need not be afraid

of giving a good heat at the moment of brightening : the gold is but

the purer, {

Gold and Copper, Proportion of Lead. The alloys of gold and

copper are cupelled like the alloys of gold and silver; but as copper

has a very great affinity for gold, it is necessary to use a larger pro-

portion of lead to ensure its oxidation when combined with gold than

when united with silver. This proportion varies according to the

standard and the temperature. It is admitted that for the same

standard there must, under similar circumstances, be twice as much

lead used in the cupellation of gold as for that of silver. Thus,

14 parts, at least, ought to be employed in common furnaces for an

assay of gold coin which contains O'lOO of copper. There is no

inconvenience in employing a little more, as it does not increase the

loss of gold. However great the proportion of lead may be that is

added to the cupreous gold for the purpose of cupellation, the button

retains always a very small quantity of copper, which a fresh cupel-

lation does not free it from, and which occasions what is termed the

surcharge. This surcharge being very slight, can be neglected in

assays of minerals ; but it is necessary to take notice of it in the
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assay of alloys. But it is known that the presence of silver much

facilitates the separation of copper from gold, and it is rare that

an alloy of cupreous gold does not contain a little silver, which must

be separated : and when that is not the case, a small quantity of that

metal can be introduced into the alloy, so as to be in about the pro-

portion of 8 parts to 1 of gold. When an assay is to be made of

an alloy of gold and copper, a sufficient quantity of silver is to be

added to fulfil this condition according to the presumed standard,

which is determined approximatively by a preliminary assay, and

then cupelled with lead.

TABLE FOR PROPORTION OF LEAD TO BE EMPLOYED IN THE

CUPELLATION OF GOLD AND COPPER.

Gold in Alloy. Lead required.

1000 thousandths . . .. 1 part.

900 .... 10 parts.

800 , ... 16

700 . . . . 22

600 .... 24

500 . .
; ,,

. , .,.
. 26

400\
300

2001- 34

100

50J

Touchstone. It is often sufficient in commerce to determine

approximatively the standard of alloys of gold and copper by the

proof of the touchstone. The following is the mode of operation :

Make on the touchstone a trace with the alloy ; then rub this trace

with the feather of a pen, moistened in the acid liquid composed as

described further on. This acid dissolves the copper ; the effect is

then examined ; after which wipe it slightly to take away the liquid.,

and examine afresh that which remains of the trace. When in the

habit, the standard of the alloy can be ascertained very nearly,

according to the more or less green tint the acid assumes, and the

thickness of the trace of pure gold which remains on the stone. In

order to accustom oneself to this proof, we must make comparative

assays with different known alloys, moulded into the form of strong

needles, known by the name of touch needles ; and it can be noticed

with which of these needles the alloy is identical.

The Acid Liquid. The liquid which is used to act on the me-

tallic streak is composed of 98 parts of nitric acid of the density of
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1*340, two parts of muriatic acid of a density of J -173, and 25 parts

of distilled water. The composition of this liquid has been deter-

mined by trial
;
and at the temperature of 50 to 54, at which we

ought always to operate, it is without action on alloys of the

standard of 0' 7 50, and above. The alloys of an inferior standard

are attacked by this acid liquid ; they become brown, and the liquid

becomes green, and when the liquid is removed there remains a

metallic trace, smaller in proportion to the quantity of copper con-

tained in the alloy. If we operate at a temperature lower than 50

the acid does not attack all the alloys of a lower standard than

0*750 ; on the contrary, if the temperature were more elevated, the

acid would attack the alloys of 0'750, and a little above. When

assays are made in unknown circumstances, we commence by trying the

effect of the acid on the traces left by needles of a known standard.

Gold, Silver, Platinum, and Copper. The presence of platinum
in an alloy renders the separation of the oxidisable metals, more

especially copper, very difficult by cupellation. It appears, indeed,

that it would be almost impossible to arrive at it, if the alloy of

copper contained nothing but gold and platinum. It is necessary

that silver be present at the same time. When this metal is absent,

it is requisite to add a quantity of it, which ought to be equivalent

to double the weight of the gold and platinum united, and cupel at

the strongest heat which can be obtained in a good muffle with a

suitable proportion of lead. This proportion varies much, according

to the composition of the alloy, and the temperature at which the

operation is carried on.

Experience has shown that the copper can be more completely

separated, and less silver lost, by cupelling at a high temperature,

with the least possible quantity of lead, than by employing more

lead, and working at a lower temperature. M. Chaudet has made

several assays, in order to determine the proportion of lead required

for the cupellation of the three following alloys :

1. 2. 8,

Gold . . 0-100 0-020 0-005

Platinum . 0-100 0*200 0-300

Sliver . . 0-250 0-580 0-595

Copper . . 0-550 0-200 0/100
A.nd has found for the first, that by employing 20 parts of lead the

separation is very nearly complete ;
but that at a higher temperature

there is a loss of silver ; and in order to render the assay correct, it

must' be cupelled at the latter temperature, with only 14 of lead; for

the second, 8 of lead, at a high temperature; and for the third 30
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parts of lead are necessary, at the same high temperature of the

muffle ; but it is almost impossible to separate all the copper, and

no advantage can be obtained by increasing the quantity of lead.

When almost the last traces of the copper are separated, the button

must be cupelled afresh, with a small quantity of lead ; but a small

quantity of silver is nearly always lost. In all cases, in order that

no lead shall remain, it is necessary to leave the assay button some

few minutes in the muffle, after the cupel lation is finished,

The alloys of gold and silver which contain platinum, show, either

by cupellation or parting, certain characters which prove the presence
of that metal. If the assay be not heated very strongly, it does not

pass, and the button becomes flat : this effect becomes very sensible

when the platinum is to the gold as the proportion of 2 to 100.

Under the same circumstances, the nitric acid solution proceeding
from the parting is coloured straw-yellow. At the moment an assay

of an alloy containing platinum terminates, the motion is slower, and

the coloured bauds are less numerous, more obscure, and remain a

much longer time, than when there is no platinum ; the button does

not uncover, and the surface does not become as brilliant as that of

an alloy of gold or silver, but it remains dull and tarnished. When
the assay is well made, it is to be remarked that the edges of the

button are thicker and more rounded than in ordinary assays, and it

is of a dull white, approaching a little to the yellow ; and lastly, its

surface is wholly or in part crystalline. These effects are sensible

even when the gold does not contain more than O'Ol of platinum.
When the alloy contains more than 10 parts of platinum to 90 of

gold, the annealed cornet produced in the parting process is of a pale

yellow, or tarnished silver colour.

Gold alloyed with Silver. The separation of gold from silver is

termed parting. Parting is not only used to separate silver from

gold, but for the separation of other metals, such as copper, when

cupellation does not separate it entirely. Parting by the wet pro-

cess is carried on by the means of. nitric acid, aqua regia, or

sulphuric acid.

When an alloy of gold and silver has been reduced by a flatting

mill to very thin plates, it is sufficient that it contains 2J of silver

to 1 of gold in order that the parting may be effected completely by
nitric acid, and takes place much less easily when the silver in the

alloy is in larger proportion : but when this proportion exceeds

3 parts of silver for 1 of gold, then the latter is obtained in leaves so

fine, that there is risk incurred of losing some in the subsequent

manipulation, and even by the act of boiling the acid liquid.
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"We must always, therefore, when a very exact assay is required,

contrive that the alloy shall contain a little less than 3 parts of silver

to 1 of gold ; a proportion which long experience has demonstrated

to be the best. If the alloy contain less than 2 of silver to 1 of

gold, the silver does not wholly dissolve, because there is a part of

it so enveloped in the gold that the strongest acid does not act on it.*

Inquartation. The operation by whieh the alloy is brought to

this standard is termed quartation, or inquartation. It consists

in fusing the alloy in a cupel, with 2 parts of lead and the quantity
of fine silver, or fine gold, necessary to bring it to the desired com-

position. This quantity is estimated according to the approximative
determination of the standard of the alloy, which ought to be made

either by means of a preliminary assay, as hereafter described, or by
means of the touchstone. In order to make assays by the touchstone,

touch-needles of various well-known standards must be provided.

When an alloy is to be assayed it must be rubbed on the stone, and

a needle employed which shall leave a trace of the same colour. If

we do not employ the whole of the alloy the assay will not be exact,

because the gold and silver are not always found distributed in an

uniform manner ; at least, every time it is not poured into a cold

ingot mould.

Operation. The cupelled and quartated button is flattened on

an anvil and annealed, in order to soften it. It is laminated to give

it a certain thickness, and is then annealed afresh, and rolled into a

cornet or spiral around the quill of a pen. It is necessary that the

alloy should be reduced to a suitable thickness, on the one hand, in

order that the silver may be dissolved completely ; and, on the other,

that the plate of gold may remain whole after the operation. The

following is that which experience has proved best. The quantity of

matter operated upon, or taken for the assay, should be about 12

grains; and the alloy resulting from these 12 grains, and the silver,

employed in the inquartation into a plate of from 18 to 20 lines in

length, and 4 or 5 in breadth.

The cornet for assay is placed in a glass matrass, capable of con-

taining about three ounces of water ; pure nitric acid is added at

different times, and heat applied. When all the silver is dissolved,

it is washed by decantation with water ; the matrass is reversed

into a small crucible, the cornet falls out and is dried. In this state

the cornet is very fragile, and of a dull red colour; it is annealed

* Later experiments by Pettenkoffer have shown that under certain circumstances a

little less than two parts of silver will suffice
; the author, however, prefers to use nearly

three parts, as in the text.
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in a muffle, and heated gradually without fusion. It becomes thereby

much contracted, and acquires a metallic lustre, and so much solidity

that it can be weighed without fear of breaking it. Its weight can

be ascertained in the assay balance.

There are many ways of employing nitric acid. Formerly 2~

ounces (thirty-five times the weight of the alloy) of nitric acid (1*15

sp. gr.) was poured upon the inquartated cornet, and boiled gently

for fifteen or twenty minutes, the liquid decanted and replaced

by 1-^- of acid (1'24 or 1'26), twenty-four times the weight of the

alloy, boiling for twelve minutes, then decanting and washing, &c.

Yauquelain pointed out in his
" Manuel de 1'Essayeur," to pour on

the quartated cornet the weight of the assay being 7*7 grains

554 to 770 grains of nitric acid (1*16 sp. gr.), which ought to fill

the matrass half or two-thirds, and boil gently for twenty, or twenty-

two minutes at most, to decant and replace the liquid by 500 to 800

grains of acid (1*26 sp. gr.), and to boil for eight or ten minutes.

The assay is to be acted on always twice, because, if we employ at

once very strong acid, the action will be too brisk, and the cornet

might be broken or carried out of the matrass, and, on the other

side, the acid of 1*16 sp. gr. cannot dissolve the last portions of

silver, which are very difficult to separate from the gold.

Surcharge. It is remarked that by following this method the

cornet always retains a small quantity of silver, so that fine gold

submitted to quartation and parting always weighs more after than

before the operation. The augmentation of weight which it under-

goes is termed the surcharge ; this surcharge is commonly from

O'OOl to 0-002. M. Chaudet has found means to avoid it. In

order to do so, pour on to the quartated cornet nitric acid of 1*16

sp. gr., and heat for three or four minutes only ; replace this acid by
acid at 1*26 sp. gr., and boil during ten minutes ; decant and make

a second boiling with acid at 1*26 sp. gr., which boil for eight or

ten minutes. The assay requires but from twenty to twenty-three

minutes, and, according to M. Chaudet, gives perfectly pure gold.

Argentiferous and Auriferous Ores. In the assay of auriferous

ores, the button produced by cupellation commonly contains silver.

When the proportion of this metal surpasses that of inquartation,

the button is flattened between two pieces of paper, and treated by

pure nitric acid. The gold remains under the form of a yellowish-

brown powder, which is weighed immediately, or fused in the cupel

enveloped in a sheet of lead. When the quantity is extremely small

and imponderable, we can assure ourselves at least of its presence by
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treating the residue left by nitric acid with aqua regia ; if it contain

gold, it dissolves and gives a yellowish liquid, in which a drop of

solution of chloride of tin or the crystallised chloride forms a deposit

of purple of Cassias of a violet colour : this character proves the

presence of the smallest traces of gold. When the gold predominates

in the button, it is necessary to re-fuse it with three times or less its

weight of silver, and recommence the assay with the addition of this

preparation of silver.

Sea-salt. We can, according to M. Gay-Lu ac, make assays of

the alloys of gold, silver, and copper, with great exactitude, by means

of the standard solution of sea-salt. When the alloy contains five or

six times more of silver and copper than of gold, a known weight of

the alloy is taken, containing nearly 1 gramme of silver ; it is dis-

291
solved in a matrass (fig. 29 J) capable of con-

taining about 200 grammes of water, with 462

grs.of nitric acid, at 1'26 sp. gr., and boiled for

ten minutes. The assay is finished as usual ;

but in order to leave the gold and separate the

silver, supersaturate the solution with ammonia,

which dissolves the chloride ; wash the residue

twice in succession with ammonia, then place

in a crucible to anneal. If the gold were alloyed

with silver and copper in a larger proportion

than 1 to 6, a known quantity of fine silver

should be added, and then deducted from the

assay. In order to avoid all loss, the bottom of the crucible is lined

with paper, and the alloy placed thereon, and the latter covered with

fused borax.

Aqua Regia. When gold is the largest portion of the alloy, and

when there are reasons for not adding silver, the parting can be made

by aqua regia. In this case, all the gold is dissolved, and the silver

converted into chloride ; the chloride is washed, dried perfectly, and

weighed. When the gold is precipitated by proto-sulphate of iron,

it is washed with a little muriatic acid, and annealed strongly before

weighing or even carrying the annealing so far as to fuse it, and then

cupelling it with lead.

If an alloy, containing much silver, be treated by this process, it

sometimes happens that the excess of chloride of silver prevents the

complete solution of the gold. In this case it is necessary to reduce

the alloy to an excessively thin plate, to dissolve the chloride in

ammonia, and to treat afresh with aqua regia. This process can
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rarely be made use of in the large scale, because the precipitation of

gold by sulphate of iron is long and troublesome.

Method of M. Hose. M. G. Rose fuses the alloy with lead, over

a spirit-lamp, in a porcelain crucible, acts on it with nitric acid,

which dissolves the silver and lead, precipitates the silver by a solution

of chloride of lead ; lastly, the auriferous residue is dissolved by aqua

regia, and the gold precipitated by protochloiide of iron.

Standard of the alloys ofgold. The real standard of the alloys

of gold is expressed in fractions of unity as in the case^ of alloys of

silver. We suppose 24 carats in unity, and 32 32nds in the carat;

the unity contains then 768 32nds. After these data the following

Table has been formed, which expresses the relation of 32nds and

carats to decimal fractions of the unity.

32nds.

1

2

3

4
5

6

7

8

9

10
11

12
13
14
15

16

17
18
19
20
21
22
23
24
25
26

27
28
29
30
31
32

Decimals.

0-001302
0-002604
0*003906
0-005208
0-006510

0-007912
0-009115
0-010415
0-011718
0-013021

0-014323
0015625
0-016927

0-018230
0-019531
0-020833
0-022135
0-023436

0-024740
0-026042
0-027343
0-028644
0-029948
0-031250
0-032552
0-033854
0035156
0-036460

0-037760
0-039062
0-040364

0-041667

Carats.

1

2

3

4
5

6

7

8

9

10
11

12
13

14
15

16

17
18
19
20
21
22
23
24

Decimals.

0-041667
0-083334
0-125001

0-166667
0-208333
0-250000
0-291666
0-333333
0-374999
0-416667
0-458630
0500000
0-541667
0-583383
0-624555
0-666667

0-707333
0-750000
0-791666
0-833333
0-874999
0-916666
0-958333
1-000000
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Assay of t/u? Alloys of Gold and Copper, or Gold, Silver, and

Copper.

Preliminary Assay. As in the case of silver assaying the quan-

tity of lead to be employed is of importance, a preliminary assay must

be made when the standard of the alloy to be examined is not ap-

proximatively known. It is thus effected : To 2 grains of the alloy

add 6 grains of fine silver and 50 grains of pure lead. The lead

must be introduced into a hot cupel, and when fused, and its surface

fully uncovered, the alloy and silver may be added, wrapped either in

thin paper or a small quantity of lead foil. The cupellation finished,

and the cupel cold, the button of gold and silver must be removed

from the cupel by aid of the pliers, and if necessary cleansed. Ham-
mer it to a thin plate on the anvil, place it in a small evaporating

basin, and treat it with half an ounce of nitric acid. (It may be

here mentioned, that the nitric acid employed in the assay of gold
must be chemically pure, and special care must be taken that it

contains no trace of chlorine.) The evaporating basin is gently

heated until all action ceases. The brownish residue is repeatedly

washed with hot water, dried, ignited, and weighed ; and from its

weight the amount of lead and silver to be added in the actual assay

may be determined. . The presence of copper in the alloy is indi-

cated by the blackness of the cupel where it is saturated with oxide.

Assay Proper. In this case it will be supposed that standard

gold is the alloy operated on, and that preliminary assay has gitfen

about 91 per cent, of gold. On referring to the table (page 453),
it will be found that between 27 and 30 parts of lead are required
for such a per-centage of gold, and that, according to the general
observations on this class of assay, three times its weight (that is, the

weight of fine or water silver) will be required to so dilute the gold
that nitric acid can attack and dissolve out the whole of the silver

combined with it..

Place the weight representing 24 carats in the pan of the
balance,

and exactly counterpoise it with the gold to be assayed ; two por-
tions should be thus weighed. Two portions of fine silver must now
be weighed ; 33 grains will be required for each 24 carats of gold,
as 22 carats, or 11 grains, of fine gold exist in the 24 carats, and
three times the quantity of silver is necessary. 300 grains of lead

must be placed in a hot cupel (two being thus prepared), and, as in

the preliminary assay, when the surface is fully uncovered, the gold
and silver are added, and the cupellation proceeded with, taking all

the precautions already fully pointed out elsewhere.

The button so obtained is cleansed, hammered on the anvil, then
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annealed and passed between the rollers of a small flatting-mill;

being occasionally annealed, in order to prevent the laminated button

cracking at the edges. When reduced to the desired degree of thin-

ness it is again annealed, and rolled round a quill or glass rod into a

spiral, termed a cornet. This cornet is placed in a parting flask with

1J- oz. of nitric acid, sp. gr. 1*16, very gently heated to the boiling

point, and at that maintained for ten minutes. The acid is then to

be poured off, and 2 oz. of nitric acid, sp. gr. 1*26, added, and again

boiled for ten minutes. This second acid is also poured off, and a

third quantity of like specific gravity added and boiled. The cornet

is then well washed with distilled water, and the flask, filled with

distilled water, is inverted, having its mouth closed with the thumb.

The cornet will fall through the water without breaking, and can be

introduced, together with some of the water, into a small crucible

(cornet crucible), the water poured off, the crucible and gold gradu-

ally dried, and then heated to redness. When cold, the final opera-

tion of weighing may be performed, thus : The weight representing

22 carats is placed in one pan of the balance, and the cornet in the

other : as the gold employed was supposed to be standard, it ought

to weigh exactly 22 carats. If, however, gold of greater or less fine-

ness had been submitted to assay say of 23 and 21 carats respec-

tively 1 carat weight would have been required in the pan contain-

ing the 22 carat weight, to counterbalance the gold carat : in this

case the gold would be 23 carats fine, or, in the usual mode of re-

porting,
" one carat better/' If, on the other hand, the 1 carat-

weight had been found necessary in the pan containing the cornet,

the gold would be 21 carats fine, or "one carat worse/'

In cases where it is known that the gold under examination con-

tains no silver, the only alloy being copper, its fineness can be de-

termined by cupelling 24 carats with its proper portion of lead, and

weighing the resulting button, which should represent the amount of

fine gold in the alloy assayed.

Parting Assays. Parting assays are those assays by which the

amount of fine gold and fine silver in any alloy is determined. When
the amount of gold exceeds that of the silver, it is called

"
gold

parting ;" when the amount of silver exceeds that of the gold,
"

silver

parting."

In this assay the weights employed in the silver assay are em-

ployed, as the report is made in ounces of fine metal per pound Troy.
12 grains (representing 1 Ib. Troy) of the alloy are weighed off,

cupelled with 300 grains of lead, and the resulting button, contain-
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ing only gold and silver, is weighed. Suppose it weigh 10 grains,

then 2 grains,
= 2 ounces in the pound of alloy, is copper or some

other metal, which has been oxidised and carried into the cupel with

the litharge. A preliminary assay must be made of the alloy, to ascer-

tain the approximative quantity of silver and gold, so as to apportion

the amount of silver in the assay proper : this amount being found,

it is to be weighed off, added to the button of fine gold and silver

obtained as above, and the whole cupelled with 200 grains of lead;

the cupelled mass of gold and silver laminated and treated with nitric

acid, as already described, and the resulting gold weighed. Suppose the

weight to be 8 grains,
= 8 ounces, the result would stand thus :

Copper or other base metal . . . 2 oz.

Gold 8 oz.

Silver . 2 oz.

12 oz.

FIG. 292.

The above apparatus is very convenient for accomplishing gold
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assays, and is the one employed in the assay office of the French

Mint. The annexed cut (fig. 292) represents this apparatus :

The assay flask, M, being charged with the cornet, a constant

amount of acid is added with a pipette. On the addition of the

second acid a small piece of charcoal is placed in the flask : this

serves to prevent bumping during ebullition. The flasks are sup-

ported on a plate of sheet iron, P, pierced with holes, or by a grating,

and the acid vapours, before escaping by the flue, pass into glass

tubes, T T, about half an inch in diameter, and four feet long : at

each end a narrower tube, t, is fused. The lower tube freely enters

the neck of the flask
; and as the space between is so small that a

layer of acid remains suspended and obstructs the passage of the acid

vapours, they are thus forced to pass into the large tube, where, for

the greater part, they condense and fall into the flasks. By this

means the quantity of acid employed in the assay can be diminished,

as there is no loss by evaporation, and the results are found to be

more constant In order that the passage to the large tube for the

acid vapours may always remain free, the end of the narrow tube

passing into the flask must be cut at an angle (see P). The drops of

acid collect at this part, and never close the tube.

For the assay of gold and silver alloys by Gay-Lussac's normal

solution, see page 458.

Assay of Tellurets and other Native Mineralised Substances

containing Gold. These assays are made in the scorifier, in pre-

cisely the same manner as for silver substances of a like kind. The

button resulting from cupellation is treated by quartation if neces-

sary, and by nitric acid, as already described.

CHAPTER XXII.

DISCRIMINATION OF GKMS AND PRECIOUS STONES.

As the present work is intended especially for the use of those who

may be exploring, or, to use a more modern though less refined term,

"prospecting" in this or other countries, it has been thought ad-

visable not only to give the mode of ascertaining the richness of
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mineral matters, or, in other words, the mode of assay, but to give
such instruction in crystallography, and elementary analytical, and

general chemistry, that the discrimination of all the more ordinarily

occurring, and even some of the more rarely occurring, minerals,

when they are valuable, may be rendered a matter of comparative

ease even to the uninitiated, if ordinary attention only be paid to the

rules laid down. Having premised thus much, the author may state,

by way of explanation as to the introduction of the present chapter

into this work, that as many of the precious stones are found in

connection with gold, and as the alluvial and other sources of that

metal have of late been so wonderfully multiplied, and as diamonds,

rubies, emeralds, &c., have by careful examination and research been

discriminated in Australia and elsewhere, he thought it advisable

to devote a chapter to the elucidation of this important subject, in

the hope that, with the instruction here given, those who may
cast their lots, either temporarily or permanently, in positions

geologically likely to furnish the subjects to be treated under the

present heading, may find themselves materially assisted in the

discovery of minerals, in the discrimination of which but little has

been popularly written.

The principal sources of recognition are colour, crystalline form,

specific gravity, and hardness. Chapter II. will give all necessary

information as to crystallographic form, its modifications, &c. ; and

in the present chapter will be introduced all the most constantly

occurring natural forms of all the gems and precious stones men-

tioned. At pages 203 and 204 the means of taking specific gravi-

ties are given, and here will be given copious tables showing the

comparative weights of many precious stones in air and water. A
scale of degrees of hardness is given at page 202. The tendency of

various stones to exhibit under certain influences an amount of elec-

trical disturbance will be noticed where necessary.

COLOURLESS STONES.

The Diamond. Specific gravity, 3*48 to 3*52; hardness, 10.

The diamond is the hardest of all known substances ; it scratches all,

and hence is the utmost term of hardness. When cut and polished it

is the most brilliant gem. The greater part of diamonds are limpid

and colourless, but many coloured specimens are found ; as rose,

yellow, orange, blue, green, brown, or even black. It sometimes
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occurs in regular crystals, octahedrons, dodecahedrons, and more

complex forms : see figs, 293, 294, 295, 296.

Fio. 293.

The crystalline faces are often curved. The cleavage is octahe-

dral and highly perfect : hence, although diamonds are so exceedingly

hard, they are very brittle, owing to their tendency to facile cleavage*

Like most gems it becomes electrical by friction ; but it has been

remarked that other gems do not, unless they have been previously

polished.

Composition (C) :
*Pure carbon.

Quarts. Specific gravity, 2*55 to 2*7 ; hardness, ? Quartz

occurs in many forme, and has often by inexperienced persons been

mistaken for the diamond, owing to the lustre of its crystals and its

considerable hardness. It, however, can always be distinguished

from the diamond by its crystalline faces, hardness, and specific gra-

vity (see example in Table I.)

It usually occurs in six-sided prisms more or less modified, termi-

nated with six-sided pyramids. Traces of cleavage are seldom or

H H
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ever apparent. The following are some of its salient forms (figs 297,

298, 299, 300, 301, 302, 303) :

FIG. 297. FIG. 298. Fro. 2no

Some crystals are as pellucid as glass; others, however, assume all

the shades of colour mentioned in the case of the diamond.

Composition (SiO3 ) : Pure silica or silicic acid.
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White Zircon. Specific gravity, 4'44 to 4'8; hardness, 7 '5.

This stone is often found crystallised in nature in four-sided prisms,

terminated by four-sided or rhomboidal or triangular pyramids, and

other forms: see figs. 304, 305, 306, 307, 308, and 309.

FIG. 304. Fm. S05.

FIG. 306.

FIG. 308 FIG. 309.

These stones are often employed in jewellery under the name of

rough diamonds." It often occurs brownish-red and brown, red,
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yellow, and grey : these varieties will be treated under their appro-

priate heads. It can be readily distinguished from the diamond and

quartz by hardness and specific gravity ; also from the former by the

action of strong hydrochloric acid, which, if dropped on a diamond

and allowed to remain for a little time, produces no change, but if

a zircon be so treated, the spot on which the acid was placed re-

mains dull.

Composition (Zr2O3,Si03 ) :
-

Zircouia 67'2

Silicic acid . . . . . ., 33-5

100-7

White Sapphire. Specific gravity, 3'97 to 4'27 ; hardness, 9.

This stone, in hardness, is next to the diamond. It occurs variously

coloured ; other colours will be discussed under their appropriate

heads. It crystallises in the rhombohedric system, usually in six-

sided prisms, but often so very rough as not to be readily distin-

guishable. May be distinguished by gravity and hardness from all

the preceding.

Composition (A12 3) : Pure alumina.

White Topaz. Specific gravity, 3'54 ; hardness, 9. This va-

riety of topaz, known for its limpidity by the term "
gouttes d'eau,"

when polished has nearly the same lustre as the diamond : the topaz,

however, occurs of many colours see hereafter. It crystallises
in

the right rectangular prismatic system. The following are some of

its natural forms: figs. 310, 311, 312, 313, 814, 315 :

Fro. 310. Fio. 811. Fio. 312.

It is readily rendered electric, and retains its electricity for a very

considerable time ; it is also pyro-electric, or becomes electric when

heated, a property by which it is distinguished from the diamond
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its specific gravity being so similar that it cannot be made available

as a means of discriminating between the two stones. From the

FIG. 313. FIG. 314. FIG. 315.

other stones in this group, with the exception of the sapphire, it is

readily distinguished by its hardness and gravity, and from the latter

by its gravity and pyro-electricity.

Composition :

Silica 34'2

Alumina . . . . . . 57*5

Fluorine 7*8

98-5

Example of the Uxe of Table I* A colourless stone, weighing

40 grains in air, is reduced to 24*43 in water. Look in the first

column to 40, and then trace along its horizontal line until a number

very nearly approaching 24*43 is found
;

refer then to the heading

of the table, above the number found, and the name there expressed

will be that of the stone examined. Supposing, however, the weight

of the stone be 41 grains, still the number 24*43 will be the nearest

in the table, and *611 must be added to it, as that sum would be

the weight of 41 grains of quartz or water. From the numbers ob-

tained by calculation, also, can the specific gravity be determined.

If this course be pursued, refer to the bottom line of the table for

corresponding number, and to the heading of table for name of

stone. When the weight is any even number of grains (that is,

without fractions), the readiest way is to refer to the table (first

column), for the number of grains, and then to the horizontal line

to corresponding number obtained, which is the weight in water.

* The Tables of Comparative Weights were calculated by Hi arc).
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Table I.

COMPARATIVE TABLE OF THE WEIGHTS OF COLOURLESS STONES

WEIGHED IN AIR AND WATER.

WEIGHT
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YELLOW STONES.

Yellow Zircon (Jaryori). The crystalline form, characteristics,

and composition of this stone have been described under the head
" White Zircon."

Yellow Sapphire. Characteristics, &c. described under " White

Sapphire."

Cymophane (Chrysoleryl}. Specific gravity, 3'65 to 3*89 ;

hardness, 8' 5. The cymophane is nearly as hard as the sapphire,

harder than the topaz and the emerald
;

it readily scratches- quartz.

Its colour is greenish yellow, and has been placed in the list of

yellow stones rather than green, because usually the yellowish tint

is most decided. This tint, which is very agreeable in itself, is often

relieved by a small spot of light of a bluish white tinge, which moves

from point to point of the stone as the position of the latter is varied.

It is rarely found in regular crystals, but more generally occurs in

rolled and rounded masses. For some of its forms, however, see

'figs. 316, 317, 318, and 319.

Composition : No. 1 is a sample from the Brazils; No. 2, from

Siberia.

1. 2.

Alumina . . 78'10 ... . 78'92

Glucina . . . 17'94 . . 18-02

Oxide of Iron . . 4'46 . . 8-12

Oxide of Chromium . . 0'36

Oxides of Copper and Lead . . 0*29

100-50 100-71

FIG. 816. FIG. 317.

Yellow Topaz. The general characteristics of this stone are

described under " White Topaz."
Yellaiv Tourmaline. Specific gravity, 3'00 3'22; hardness,

77'5. The tourmaline becomes electrical by heat : one portion

;of a crystal attracts light bodies, the other repels them. Its colour
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Fir, 313. FIG. 310.

is very varied. The tourmaline has a vitreous fracture. It occurs
in semicrystalline prisms of

irregular form, generally deeply, striated,
and in prisms of six or more sides, variously terminated, one end

usually differing from the other.

Tigs. 820, 321, 822, 833, 824, and 325, represent some of the

forms of this mineral.

F.G. 320. Fro. 321. Fro. 322.
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Yellow Emerald, Specific gravity, 2' 7 3 2*76 \ hardness,

7.5 8. The emerald occurs of many colours; its tint par excel-

lence is green ;
but there are many varieties tinged more or less

yellow or blue, and they even occur white. Its fracture is vitreous,

brilliant, and undulating. Its common form is the hexahedral

prism, sometimes deeply striated longitudinally. It readily cleaves

parallel to all the planes of its primary form the hexahedral prism.

FIG. 826. Vir, 3*7 Fro. 328.

The above are some of the forms it assumes : figs. 326, 327, 3

329, 330, 331, and 332.
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Composition :

Glucina

Silica

Alumina
Oxide of Iron

15-50

66-45

16-75

60

90-30

The green varieties contain a small quantity of oxide of chromium.

Yellow Quartz. Tor the characteristics, hardness, &c. of this

mineral, see
" White Quarts."

COMPARATIVE TABLE OF THE WEIGHTS OF YELLOW STONES
WEIGHED IN AIR AND WATER.

WEIGHT
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BROWN AND FLAME-COLOURED STONES.

Zircon (Hyacinth). For characteristics, &c. see " WhiteZircon/'

Vermeil Garnet, Noble Garnet, Almandine.S}>ec,\&c gravity,

4 4*2; hardness, 6'5 7*5. There are very many varieties of

garnet, variously coloured ;
but their crystalline form a rhombic

dodecahedron more or less modified is a distinguishing charac-

teristic. The colouring matter of the garnet is iron. The following

are some of its crystalline forms : figs. 333, 324, 335, 336, and

337:

FIG. 333. Fig. 334.

FIG. 335.

FIG. 336.

FIG. 387.
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Composition :

Silica

Alumina

Oxide of Iron

Oxide of Manganese

97-25

COMPARATIVE TABLE OP THE WEIGHTS OF BROWNISH AND FLAME-
COLOURED STONES WEIGHED IN AIR AND WATER.
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and brilliant tint when the mass is large. This stone is not usually

found crystalline, but in irregular forms and masses, which are cha-

racterised by fissures in all directions.

Composition :

Silica . V . . . 38-80

Alumina .- . .... 21'20

Lime . . . ... 81-25

Oxide of Iron 6'50

with small quantities of Potash and Magnesia
97-75

Tourmaline. For the characteristics of this* mineral see "Yellow

Tourmaline/'

RED AND ROSE-COLOURED STONES.

Red Sapphire. For characteristics, crystalline form, &c., see

" White Sapphire."

Deep Red Garnet, Noble Garnet. For characteristics, &c., see

" Vermeil Garnet."

Ruby (Spinel}. Specific gravity, 8*5 3'6; hardness, 8. The

ruby readily scratches quartz, but is scratched by the sapphire. Its

special colour is red, approaching a rose tint
; this tinge, however,

undergoes various modifications, such as scarlet, red, rose, yellowish

red, and reddish purple : it is also found blue and black. Its frac-

ture is flattish conchoidal, with a splendent vitreous lustre. It oc-

curs crystallised in regular octahedrons, sometimes having their

edges replaced as in macles; sometimes it assumes the globular

form. The ruby may be distinguished from the red sapphire and

the garnet by hardness and specific gravity ; and from reddish topaz,

which possesses nearly the same specific gravity, by its electric

properties.

Composition of red ruby :

Silica 2*02

Alumina 69*01

Magnesia 26*21

Protoxide of Iron . . . , 0-71

Oxide of Chromium . . . . Til

99-05

Reddish Topaz. For characteristics, &c., see " White Topaz/
1

tied Tourmaline. -For characteristics, &c., see " Yellow Tour-

maline."
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COMPARATIVE TABLE OF THE WEIGHTS OF RED OR ROSE COLOURED
STONES WEIGHED IN AIR AND WATER.

WEIGHT
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being less hard, as also by its specific gravity. Figs. 333, 339, and

340, represent some of its crystalline forms.

FIG 838. Fro. 839. FIG. 340.

Composition of a specimen from St. Gothard :

Silica . .
-

: ....:

~V v . ., ,. . 43'0

Alumina -. -4- .-.- *-. :'>.<-' 55*0

Oxide of Iron - % '. ;' . -598-5

Blue Topaz. For characteristics, &c., see "White Topaz."
Blue topaz and disthene having the same specific gravity, may by
that test alone be confounded with each other ;

but the appearance

of each is so different, that they can be rarely confounded. If, how-

ever, the electrical test be applied, no fear of mistaking one for the

other need be entertained, as only the topaz becomes electrical.

Blue Tourmaline. For characteristics, &c., see
" Yellow Tour-

maline/'

Blue Beryl. For characteristics, &c. see*
" Emerald." The tint

and appearance of this stone and that of the blue topaz are so

similar that they cannot be distinguished by that test; their specific

gravities, however, are so different, that they may, by this simple

means, be readily discriminated.

Dichroite,
" Water Sapphire" Specific gravity, 2'56 2'65 ;

hardness, 7 7 '5. The chief characteristic of this stone is, that it pos-

sesses a double colour
;
that is, it is a fine blue or a normal yellow, as

it is viewed in the direction of its base, or the planes of a hexahedral

prism, which is its crystalline form. It can be thus readily distin-

guished, as also by its having nearly the same specific gravity of quartz,

and thus being the lightest of the blue stones. Composition :

Silica . . . ... -fefc ? . er..j 48*35
Alumina ) j .

].O
;

*Jf ' -J

~

. 31*71

Magnesia . ,--,,'. ,-
- -,

-

.' 10*16
Protoxide of Iron !.; . . 8'12

Protoxide of Manganese . . . '33

Loss in fire (Water?) . . ~V : -6090*47
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Turquoise. Specific gravity, 2*8 8; hardness, 5 6. This

stone has not been placed in the list of specific gravities, as it can

be so readily detected by its appearance. It is bright or greenish

blue in colour; its aspect is earthy or compact. It scratches apar-

tite, and even glass ; but is scratched by quartz. It occurs filling

fissures, or forming concretions in siliceous and argillo-ferruginous

rocks.

COMPARATIVE TABLE OF THE WEIGHTS OF BLUE STONES WEIGHED

IN AIR AND WATER,

WEIGHT



VIOLET STONES. 48)

Composition :

Phosphoric acid .

Alumina
,-;
* . *

Silicn . . .

Peroxide of Iron .

Lime
Water and Fluoric Acid

17-86

10-01

8-90

36-82

0-15

25-95-99-69

VIOLET STONES.

Violet Sapphire. For characteristics, &c. see
" White Sapphire."

COMPARATIVE TABLE OF THE WEIGHTS OF VIOLET STONES WEIGHED
IN AIR AND WATER.

*

\Vvlft4T tv ATI?
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Violet Tourmaline. For characteristics, &c., see
" Yellow

Tourmaline/'

Violet Quartz, Amethyst. For characteristics, &c., see
" White

Quartz/'

GREEN STONES.

Green Sapphire. For characteristics, &c., see "Yellow Eme-

lald."

Pendot, Crysolite. Specific gravity, 3'3 3'5; hardness, 6'5 7.

This stone has a more or less deep olive or yellowish green colour.

It is more generally found in rolled grains than in regular prismatic

crystals. It is possessed in a very high degree of double refraction.

Figs. 341, 342, 343, and 344, represent some of its crystalline

forms.

Fro. 341. G. 342.

FIG, 343. FIG. 314.

Green Tourmaline. For characteristics, see "Yellow Tour-

maline/'

Emerald. For characteristics, see "Yellow Emerald/'

Aqua-marine. This stone possesses a very pale green tinge. For

other characteristics, see
" Yellow Emerald/'

Chry*opra)te. This mineral is a green -coloured quartz, and can

be readily recognised by referring to the characteristics of quartz.
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COMPARATIVE TABLE OP THE WEIGHTS OF GREEN STONES WEIGHED

IN AIR AND WATER.

WEIGHT
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The cymophane, crysolite quartz, Egyptian emerald, felspar, and

cats-eye, belong to this class.

The specific gravities of such stones as the opal, &c., have not

been given, as the appearance sufficiently characterises them.

Sapphire. For characteristics, &c., see
" White Sapphire."

^Garnet. For characteristics, &c., see
" Vermeil Garnet."

Cymophane. See "Cymophane."

Antique Emerald. For characteristics, &c., see "Yellow

Emerald."

Quartz $w " White Quartz."

Felymr, Nacreous Fekpar, Fish-eye, &c. Specific gravity,

2*3 -5 ; hardness, 4*5 5. This species of felspar has a lamellar

texture. It will be seen by the lowness of its specific gravity that

it cannot be readily confounded with other stones. In appearance

its transparency is nebulous, and it presents pearly white reflections,

which float about and vacillate in proportion as its position changes.

The following are some of the forms of felspar : see figs. 345, 346,

317,348, 349, and 350:

FIG. 345. FIG. 34P>. "Pro. 34?.



STONKS POSSESSING A PLAY OF COLOUKS. JS5

Co ID position :

Potash

Silica

Lime

WatiT

Fluoric Acid

5-26

52 90

25-20

16-00

0-b2

100-18

COMPARATIVE TABLE OF THE WEIGHTS OF STONES POSSESSING A

PLAY OF COLOURS (CHATOYANT).

WEIGHT
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CHAPTER XXIII.

ASSAY AND ANALYSIS OF FUEL.

THE substances generally employed as fuel, are wood, wood-charcoal,

turf, turf-charcoal, coal, and its coke.

The essential elements of combustible matters are carbon, oxygen,
and hydrogen ; nitrogen being present sometimes, but only in small

proportions. These constitute the organic part ; various salts and

silica constitute the inorganic part, or ash.

Gaseous products. In order to estimate the amount of gas given

off from any particular sample of coal, proceed in the following

manner. Place a given weight, say 200 grs., of the coal in a red

hot iron tube, closed at one end, to the other end of which adapt, by
means of a cork, a glass or other tube, which must be conducted

into an inverted jar, full of water, and standing in the pneumatic

trough. Continue the red heat until no more gas is given off, then

ascertain its quantity in cubic inches with due correction for tem-

perature and pressure.

Amount of Coke. The residue of the last operation is the

amount of coke which that particular sample of coal produces ; and

its weight divided by two, gives the per centage of coke.

Amount of Ash. Fully ignite about 50 grs. of coal in a platinum

capsule, until nothing but ash is left. Its amount may then be as-

certained by weighing.

Amount of Sulphur. This is a most important operation in the

assay ; as a coal containing sulphur cannot be employed for particular

purposes, and, indeed, those which contain much sulphur ought

only to be used for the commonest purposes. This assay is most

important to steam-boat and other companies who consume fuel

under steam-boilers ; and the coal they purchase should always be

subjected to this particular test, as sulphur has a most corroding and

destroying action on iron and copper. "Where sulphur coals are

continually burnt under boilers, the metal of the latter becomes so

speedily deteriorated, that the boiler is rapidly rendered useless.

Process. 1 part of the coal, finely pulverized, is mixed with 7 or

8 parts of nitrate of potash and 16 parts of common salt, and 4 parts

of carbonate of potash, all of which saline matters must be perfectly

pure ;
the mixture is then placed in a platinum crucible and gently
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heated. At a certain temperature, the whole ignites and burns

quietly ; the operation is finished when the mass is white. It must,

when cold, be dissolved in water, the solution slightly acidulated by

means of hydrochloric acid, and chloride of barium added to it as

long as a white precipitate forms. This precipitate is sulphate of

baryta, which must be collected on a, filter, washed, dried, ignited,

and weighed : every 116 parts of it indicate 16 of sulphur.

Heating power of Coal. Equal weights of different combustibles

give off, when burned, very unequal quantities of heat. Their

heating or calorific power is equal to these quantities. Sometimes

these quantities are ascertained by the quantity of water evaporated,

and sometimes by the amount of ice melted, and at others by the

quantity of water raised 1 of the thermometer.

According to Berthier, however, the most convenient method for

ascertaining the comparative calorific powers of any combustible

matters is by means of litharge. He says :
"
It has been proved

by the experiments of many philosophers, that the quantities of heat

emitted by combustible substances are exactly proportioned to the

amounts of oxygen required for their complete combustion. Erom

whence, after the elementary constitution of any combustible is

known, its calorific power is easily determined by calculation. For

instance, it is only necessary to ascertain the quantity of oxygen
absorbed in the conversion of all its carbon into carbonic acid, and

all its hydrogen into water, and compare that quantity with that

which is consumed in burning a fuel whose calorific power is well

ascertained. Such a substance is charcoal/'

By adopting the principle just pointed out, it may be conceived

that, without knowing the composition of a fuel, its heating power

may be ascertained by determining the amount of oxygen it absorbs

in burning. This can be done in a very simple and expeditious

manner, if not exactly, at least with sufficient exactitude to aiford

very useful results in practice. It is as follows : Many metallic

oxides are reduced with such facility, that when heated with a com-

bustible body, the latter burns completely, without any of its

elements escaping the action of the oxygen of the oxide, if the

operation be suitably performed. The composition of the oxide

being well known, if the weight of the part reduced to the metallic

state be taken, the quantity of oxygen employed in the combustion

can be ascertained. In order to collect the metal, and separate it

from the non-reduced mass, it must be fusible as well as its oxide.

Litharge fulfils these conditions, and experiment has proved that it
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completely burns the greater part of all ordinary fuels ; the only

exceptions are some very bituminous matters, which, containing a

large proportion of volatile elements, a portion escapes before

the temperature is sufficiently high to allow the reduction to take

place. The experiment is made as follows :

One part, say 10 grs., of the finely powdered or otherwise divided

fuel, is mixed with about 400 grs, of litharge. The mixture is

carefully placed in an earthen crucible, and covered with 200 grs.

more litharge. The crucible is then placed in the fire, and gradually

heated. When the fusion is perfect, the heat is urged for about ten

minutes, in order Lhat all the lead may collect into a single button.

The crucible is then taken from the fire, cooled, broken, and the

button of lead weighed. Sometimes the button of lead is livid, leafy,

and only slightly ductile; in which case it has absorbed a little

litharge. This I find can be partially prevented by fusing slowly,

and adding a little borax.

Two assays, at least, ought to be made ; and those results which

differ more than a grain or two ought not to be relied on. The

purer the litharge, the better the result ; it ought to contain as little

minium as possible. It is an excellent plan to mix up the litharge

of commerce with one or two thousandths of its weight of charcoal,

and fuse the whole in a pot : when cold, pulverize the fused litharge,

which will now be deprived of minium.

Pure carbon produces with pure litharge thirty-four times its

weight of lead, and hydrogen 103*7 times its weight of lead ;
that is

to say, a little more than three times as much as carbon. We can,

therefore, from these data, find the equivalent of any fuel, either in

carbon or hydrogen.

When a fuel contains volatile matters, the quantity can be ascer-

tained, as before pointed out, by ignition in a close tube or crucible.

If, further, we ascertain the proportion of lead it gives with litharge,

it is easy to calculate the equivalent in carbon of the volatile matters,

and, in consequence, to ascertain its calorific value.

Supposing that a substance gives by distillation C of coke, or

carbon, having deducted the weight of the ash and V of volatile

substances, and that it produces P of lead with litharge. The quan-

tity C of carbon would give 34 x C of lead ; the quantity of volatile

matter would give but P 34 x C ; it would be equivalent then to

T) O^f y p
=~r of carbon ; from whence it follows, that the quantity of

heat developed by the charcoal, the volatile matter, and the unaltered
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combustible, will be to each other as the numbers 34 x C, P 34 x C

and P, which represents the quantities of lead ; or as the numbers

p OA y r\
~p

C, which represents the quantities of carbon.

Dr. Ure* says, speaking of the above method of assay :
" On

subjecting this theory to the touchstone of experiment, I have found

it to be entirely fallacious. Having mixed, very intimately, 10 grains

of recently calcined charcoal with 1000 parts of litharge, both in fine

powder, I placed the mixture in a crucible, which was so carefully

covered as to be protected from all fuliginous fumes, and exposed it

to distinct ignition.

"No less than 603 grains of lead were obtained; whereas, by
Berthier's rule, only 340 or 346'6 were possible. On igniting a

mixture of ] grains of pulverised anthracite, from Merthyr Tydfill,

with 500 grs. of pure litharge, previously fused and pulverised, I

obtained 380 grains of metallic lead. In a second experiment, with

the same anthracite and the same litharge, I obtained 450 grains of

lead; and in a third only 350 grains. It is, therefore, obvious that

this method of Berthier's is altogether nugatory for ascertaining the

quantity of carbon in coals, and is worse than useless in judging of

the calorific qualities of different kinds of fuel/'

This discrepancy in the results obtained by Dr. lire is very per-

plexing, and does not at all accord with Berthier's experience, as

shown by his experiments, or by my own on the subject. T have

never had a difference of more than 50 grains, and in general only

2 or 3, which latter result is satisfactory. The only precaution I

have found necessary is to heat very gradually until the mixture be

fully fused, and then to increase the fire to bright redness for a few

minutes. I shall, however, make a more extended series of ex-

periments on this subject, with the view of perfecting the process, as

it is at once easy, expeditious, and would be exceedingly valuable

could it be rendered certain.

Since writing the above, I have made many experiments on this

subject, and succeed most perfectly in estimating the value of a fuel.

With the litharge of commerce, which contains much minium, the

process is never exact ; I have obtained results differing as much as

40 or 50 grains, when I have not purified the litharge employed, and

to purify it completely is a troublesome process. This difficulty I

have completely obviated, however, by substituting for litharge the

*
Supplement to the Dictionary of Arts, Mines, and Manufactures.
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tube prepared for use). The protruding part of the cork is cut oft',

and the cut surface covered with sealing wax.

A small Caoutchouc Tube is necessary to connect the chloride of

calcium tube with the potash apparatus (see fig. 359, p. 694). This

tube may be made from sheet caoutchouc, as directed at p. 104.

Silk Cord. This should be thick silk, and the same kind as

employed for the suspension of ordinary balance pans. It must

be cut into lengths of about eight or ten inches, and knotted at

each end.

Corks. These must be of the best quality, soft, and free from

fractures or crevices. A perfectly smooth and round hole, of the

same diameter as the end b a of the chloride of calcium tube, is

bored throughout the length of a cork by means of a fine round file,

and into this hole the end b a must fit perfectly air-tight. It is as

well to keep a few of these corks ready prepared : before use they

must be thoroughly dried in the water-bath, fig. 219, p. 243.

Mortar. A shallow porcelain-ware mortar and pestle is required

for mixing the coal and chromate of lead ; it must be perfectly dry

before the trituration is attempted.

A Suction Tube. Fig. 355 represents the best form of this

355 apparatus. The aperture a

is fitted with a perforated

cork, through which the

tube b of the potash appa-
ratus is fitted.

A long glass tube, about

two feet long and open at

both ends, is required ; and

some finely glazed paper, with carefully cut edges.

Liebig's Combustion Furnace is a long sheet iron box, open at

top and behind. A top view is represented at fig. 356. It is about

356
two feet long and four inches

deep* The bottom serves as

a grating, having small holes

punched out ; it has a width

of about three inches. A
few pieces of strong sheet

iron (see B, fig. 357) are

rivetted to the bottom, at a distance of about two inches from each

other. The object of these is to support the tube. There is an

aperture in front of the furnace, to allow the passage of the combus-
tion tube. Two screens, see a and right hand corner engraving,
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fi g. 357 ; they also are provided with openings large enough to

FIG. 357.

allow the combustion tube to pass readily. When in use, the fur-

nace is placed on two bricks, see fig. 859, p. 494.

Chromate of Lead, Dried Chloride of Calcium, and Solution

of Caustic Potash, had better be bought in readiness for use at a

manufacturing chemist's.

Analysis of Coal, dec. Weigh the potash apparatus and chlo-

ride of calcium tube, and carefully note their weights. Pulverise as

finely as possible the fuel to be examined, and carefully dry it in the

water-bath. Weigh out from 6 to 7 grains in a small tube, closed

with a sound cork. Introduce a small quantity of the fuel to be

analysed (6 or 7 grains as nearly as may be guessed, rather less than

more), and carefully cork; weigh the whole, and note its contents.

A combustion tube (see fig. 358) is now to be filled to b with

FIG. 358.

chromate of lead. A portion is to be shaken into the mortar (pre-

viously made gently warm), and then as much as possible of the

fuel shaken from the tube in which it was weighed into the mortar

with the chromate of lead, and the tube carefully closed with its cork

and set aside.

The chromate of lead and fuel must now be carefully mixed ;
after

which all but about an inch and a half of the chromate added from

the tube, and all again well mixed. The mixture is now transferred

to the tube, by introducing its open end into the mortar, and scoop-

ing, as it were, the contents into itself by a semicircular motion,

alternately raising and depressing the end so as to allow that portion

of the mixture which has already entered the tube to descend to the

closed end. A small portion will remain in the mortar, which

cannot be thus removed ;
it must be carefully poured upon a small

card or glazed paper, and transferred to the tube. A little fresh

chromate of lead is now placed in the mortar, and the latter carefully

rinsed with it, and the rinsings added to the mixture already in the
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tube. The tube is now filled to within an inch and a half of the
mouth with pure chroinate of lead, and temporarily stopped with a
cork.

The combustion tube is now placed in the furnace, the cork
removed, and the chloride of calcium tuba with its perforated cork

carefully and securely fixed in the mouth of the combustion tube
The end B, fig. 359, of the chloride of calcium tube is now con-

FIG. 359.

nected, by means of the caoutchouc tube, with the end m of the

potash apparatus, and secured on both sides with silk cord. The

potash apparatus is rested ori a folded cloth.

The whole apparatus must now be examined as to the tightness of

the joints. A small cork, about the size of the finger, is placed

under the bulb rt fig. 359, of the potash apparatus, so as to raise the

bulb slightly. A live coal is then held near the bulb m, until a

certain portion of air is expelled through the apparatus ; the piece

of wood is removed, and the bulb m allowed to cool. The potash

solution will now rise in the bulb m, and fill it more or less. If the

liquid in m preserves for a few minutes the same level which it has

been found to have acquired after the perfect cooling of the bulb,

the junctions may be considered perfect; if not, they must be re-

made.

Suppose them perfect, the combustion tube must be made to

project a full inch from the front of the furnace, and the simple

screen A, fig. 357, suspended over it, so as to shield the cork. The

other screen is now placed over the combustion tube, at a distance

of about two inches from the front of the furnace, see fig. 359. The

cork is again placed under the bulb r of the potash apparatus, and

live coals (charcoal) are placed under and around that part of the

tube enclosed by the screen. When this portion has been completely

surrounded, and is red hot, the screen is moved backwards about an

inch, and fresh coals placed upon that portion of the tube so unco-

vered. In this manner the fire is slowly and gradually extended to

the further end of the tube, taking care to wait until the last exposed
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portion of the tube is red hot, and taking care to maintain the whole

length, as proceeded with, in complete ignition. The process gene-

rally requires about half to three-quarters of an hour.

The first effect of the heat is the gradual displacement of the liquid

in the potash apparatus from the bulb, m ; this is due to the expan-

sion of the heated air in the combustion tube. As soon, however,

as the heat reaches that portion of chromate of lead which has been

employed in rinsing out the mortar, carbonic acid and aqueous

vapour begin to be evolved, which drive the air present in the appa-

ratus before them, and force it in large bubbles through the potash

apparatus. The evolution of carbonic acid and aqueous vapour
becomes brisker as the heat is applied to that portion of the tube

containing the mixture of fuel and chromate
; and as soon as the

whole of the air has been expelled, the bubbles of carbonic acid

which then pass over are nearly entirely absorbed by the potash, so

that only an occasional bubble of air passes through. The process

should be conducted in such a manner that the gas bubbles follow

each other from intervals of one half to one second.

Pig. 360 shews how an air-

bubble, entering at a, first passes

into the bulb b ; then from b to c
y

from c to d, and finally escapes

through the tube e into the bulby.
When the tube has been tho-

roughly covered throughout its

whole length with burning charcoal,

and all evolution of gas has ceased,

the charcoal is removed from the

curved end of the combustion tube,

and the screen placed between it

and the remainder of the burning
charcoal. The cork support must now be removed from the potash

apparatus, so that it stands level, and in the course of a few moments
the liquid will commence ascending into the tube m, owing to the

cooling of the combustion tube, and consequent condensation of its

gaseous contents. When the liquid about half fills the bulb m, the

part of the curved end of the combustion tube is cut off by a small

pair of nippers, when the fluid in the potash apparatus will regain its

equilibrium. The potash apparatus is now again placed in its

oblique position by means of the cork support. The long tube, open
at both ends, placed over the curved portion of the combustion tube
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(a portion of which has just been removed by the pliers), and rested

against a retort stand or other suitable support, the suction tube is

now applied to the end f of the potash apparatus, and air gently

drawn through, in order to remove all the carbonic acid remaining
in the combustion tube, and draw it over into the potash apparatus,

where it may be absorbed. This suction is continued until the

bubbles passing through cease to diminish in size. The operation is

now finished. The potash apparatus and chloride of calcium tube

are disconnected, and set aside to cool. When cold, or in about

half an hour, both are weighed, and their weights noted. The in-

crease in weight in the chloride of calcium tube over the former

weighing represents the amount of water formed by the combustion of

the hydrogen in the quantity of fuel submitted to analysis; the

increase of weight in the potash apparatus, that of the carbonic acid

furnished by the carbon.

The tube in which the fuel was weighed is now again weighed,
and the loss of weight represents the quantity of fuel submitted to

analysis. The amount of carbon is thus calculated : suppose the

substance gave of carbonic 16*46 ; then

Equivalent of Amount of Equivalent of

Carbouic Acid. Carbonic Acid. Carbon.

22 : 16-46 :: 6 : x
x = 4*48 amount of carbon.

To find amount of hydrogen, supposing 3'336 grains of water to

have been produced ; then

Equivalent of Amount of Equivalent of

Water. Water. Hydrogen.

9 : 3.336 :: i : x
x = *37 amount of hydrogen.

Now, supposing 6 grains of coal had been employed in the

analysis, the per centage amount of carbon and hydrogen would be

thus calculated :

Amount of Coal Amount of Carbon

employed in Analysis. Coal. found on Analysis.

6 : 100 :: 4-48 : x

x = 74*66 per centage of carbon.

For hydrogen :

Amount of Coal Amount of Hydrogen,

employed in Analysis. Coal. obtained on Analysis.

6 : 100 :: -37 : x

x = 6*13 per centage of hydrogen.
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From the amounts of carbon and hydrogen thus obtained, the

heating power of any fuel may be readily calculated.

The following is the method of ascertaining the calorific power

of fuel, employed by Dr. Ure, and described in his Supplement.
" The following calorimeter, founded upon the same principle as

that of Count Rumford, but with certain improvements, may be

considered as an equally correct instrument for measuring heat with

any of the preceding (Lavoisier, Meyers,, and others), but one of

much more general application, since it can determine the quantity

of heat disengaged in combustion, as well as the latent heat of steam

and other vapours.

"It consists of a large copper bath, capable of holding 100 gallons

of water. It is traversed four times backwards and forwards, in four

different levels, by a zig-zag horizontal flue, or flat pipe, 9 inches

broad and 1 deep, ending below in a round pipe, which passes

through the bottom of the bath, and receives there into it the top of

a small black-lead furnace, the innermost crucible of which contains

the fuel. It is surrounded, at the distance of an inch, by a second

crucible, which is enclosed, at the same time, by the sides of the

outermost furnace, the strata of stagnant air between the crucibles

serving to prevent the heat being dissipated into the atmosphere by
the body of the furnace. A pipe from a double pair of fellows enters

the ash-pit of the furnace at one side, and supplies a steady but gentle

heat to carry on the combustion kindled at first by half an ounce of

burning charcoal. So completely is the heat which is disengaged by
the burning fuel absorbed by the water in the bath, that the air dis-

charged at the top pipe is generally of the same temperature as the

atmosphere. The vessel is made of copper, weighing 2 Ibs. per

square foot
;

it is 5^- feet long, 1-i- wide, 2 deep, with a bottom 5--

feet long, and
1-if-

broad upon an average. Including the zig-zag tin-

plate flue, and a rim of wrought iron, it weighs altogether 85 Ibs.

Since the specific heat of copper is to that of water as 94 to 1000,

the specific heat of the vessel is equal to that of 8 Ibs. of water ; for

which, therefore, the exact correction is made by leaving 8 Ibs. of

water out of the 600 or 1000 Ibs. used in each experiment.
" In the experiments made with former calorimeters of this kind,

the combustion was maintained by the current or draught of a

chimney open at bottom, which carried off at the top orifice of the

flue a variable quantity of heat, very difficult to estimate.
" The heating power of the fuel is measured by the number of

degrees of temperature which the combustion of 1 Ib. of it raises

K K
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600 or 1000 Ibs. of water in the bath, the copper substance of the

vessel being taken into account. One pound of dry wood charcoal,

by its combustion, causes 6000 Ibs. of water to become 20 hotter.

Tor the sake of brevity, we shall call this calorific energy 12,000

unities. In like circumstance, 1 Ib. of Llangennock coal will yield

by combustion 11,500 unities of caloric."

This form of calorimeter of Dr. lire's seems to possess many

advantages over Laplace's and others ; and is, no doubt, very con-

venient in use, although rather bulky.
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TABLE I.

Showing the Quantity of FINE GOLD in 1 oz. of any ALLOY

to J of a Carat Grain, and the MINT VALUE of 1 oz. of

each ALLOY.

FINE GOLD,
Per Ounce.



GOLD-VALUING TABLE. Ill

FINE GOLD,
Per Ounce.



IV GOLD-VALUING TABLE.

FINE GOLD,
Per Ounce.



GOLD-VALUING TABLE.

FINE GOLD,
Per Ounce.



GOLD*VALUING TABLE.

FINE GOLD,
Per Ounce.



GOLD-VALUING TABLE. Vll

FINE GOLD,
Per Ounce.



Vlll GOLD-VALUING TABLE.

FINE GOLD,
Per Ounce.



GOLD-VALUING TABLE. IX

FINE GOLD,
Per Ounce.



Xll GOLD-VALUING TABLE.

FINE
Per



GOLD-VALUING TABLE. Xlll

FINE GOLD,
Per Ounce.



XVI GOLD-VALUING TABLE.

FINE GOLD,
Per Ounce.



GOLD-VALUING TABLE. XV11

FINE GOLD,
Per Ounce.



XV111 GOLD-VALUING TABLE.

FINE GOLD,
Per Ounce.



GOLD-VALUING TABLE. XIX



XX GOLD-VALUING TABLES.

To convert MINT VALUE into BANK VALUE when the Standard

is expressed in Carats, Grains, and Eighths. This can be

readily accomplished for every report by the following-

Tables :

TABLE A.

Carats.



GOLD-VALUING TABLE. XXI

Table A gives the difference in price between Mint and Bank

value for each carat up to fine gold ; Table B the same for carat

grains ;
and Table C the same for eighths of carat grains.

Now as the Bank value of gold is 3. 17s. 9d. per oz. standard

against Mint value of 3. 17s. lOJd., it follows by calculation that

fine gold would fetch, Bank price, only 4. 4s. 9'8182d., instead of

4. 4s. ll-4545d., as shown by Table I. of Mint Yalues; and the

Bank value of 1 oz. of gold, of any standard whatever, may be

readily ascertained by the above Tables A, B, and C, and Table I.

the Tables A, B, and C, giving the quantities in pence to be deducted

from the corresponding standard in Table I. Thus, suppose it is

necessary to ascertain the Bank value of 1 oz. of gold of 14 carats

2 grains 5 eighths fine : refer to Table A, at 14 carats is found

9545d. ; at 2 grains in Table B is found -0340d.; and at 5 eighths

inTable'C -0106d. Now '9545 + '0840 + '0106= '9991, which has

to be deducted from 2. Us. 10'5575d. (see Table I.), leaving

2. ]ls. 9'5564d. as the Bank value of 1 oz. of gold of the above

fineness.

TABLE II.

TABLE of relative proportions of FINE GOLD and ALLOY, with,

the respective Mint Values of 1 Oz. of each Alloy when
the Standard is expressed in Thousandths.

FINE
GOLD.



XX11 GOLD-VALUING TABLE.

FINE
GOLD.



GOLD-VALUING TABLE. XX111

FINE
GOLD.



XXIV GOLD-VALUING TABLE.

FINE
GOLD.



GOLD-VALUING TABLE. XXV

FINE
GOLD.



XXVI GOLD-VALUING TABLE.

FINE
GOLD.



GOLD-VALUING TABLE. XXV11

FINE
GOLD.



xxvm GOLD-VALUING TABLE.

FINE
GOLD.



GOLD-VALUING TABLE. XXIX

FINE
GOLD.



XXX GOLD-VALUING TABLE.

FINE
GOLD.



GOLD-VALUING TABLE. XXXI

FINE
GOLD.



XXX11 GOLD-VALUING TABLE.

FINE
GOLD.



CONVERSION TABLE. XXX111

To convert MINT VALUE into BANK VALUE when the Standard

is expressed in Thousandths.

Thousandths.



XXXIV ASSAY TABLE.

TABLE III.

ASSAY TABLE, showing the Amount of GOLD or SILVER, in Ounces,

Pennyweights, and Grains, contained in a Ton of Ore, &c.

from the Weight of Metal obtained in an Assay of 200

Grains of Mineral.

If 200 Grains of



ASSAY TABLE. XXXV

If 200 Grains of



XXXVI ASSAY TABLE.

If 200 Grains



ASSAY TABLE. XXXV11

If 200 Grains of One Ton of Ore



XXXV111 ASSAY TABLE.

If 200 Grains



ASSAY TABLE. XXXIX

If 200 Grains



xl ASSAY TABLE.

If 200 Grains



ASSAY TABLE. xli

If 200 Grains



xliv ASSAY TABLE.

If 200 Grains of One Ton



ASSAY TABLE. xlv

If 200 Grains of One Ton of Ore



xlvi ASSAY TABLE.

If 200 Grains



ASSAY TABLE. xlvii

If 200 Grains
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Action of the blow-pipe on
molybdic acid, 177.
muriate of mercury, 199.

silver, 200.

native bismuth, 200.

needle-ore, Aikenite, 194,

nickel, arsenical, 201.

, oxide ot, 184.

, sulphuret of, 201.

nitrates, 189.

ochre, chrome, 198.

oxide of antimony, 179.

bismuth, 184.

cadmium, 182.

cerium, 181.

chromium, 178.

cobalt, 183.

.black, 197.

copper, 186.

iron, 183, 196.

lead, 185, 195.

manganese, 181.

nickel, 184.

silver, 187.

tantalum, 179.

tellurium, 179.

tin, 185, 196.

titanium, 180.

uranium, 181.

zinc, 182.

peroxide of manganese, 198.

phosphates, 190.

phosphate of lead, 195.

phosphorus, 189.

potash, 176.

pyrites, iron, common, 196.

red silver, 200.

saline substances, sulphates, phosphates,
iodides, bromides, &c., 189.

selenium, 188.

seleniurets, 188.

silica, 187.

silicates, 190.

silver, 199.

amalgam, 200.

,antimonial, and argentiferous anti-

mony, 200.

electrum, 200.

,
muriate of, horn, 200.

, oxide of, 187.

, red, 200.

, sulphuret of, 199.

soda, 176.

strontia, 193.

, alone, 176.

sulphate of lead, 195.

sulphur, 188.

sulphuret of antimony, red and black, 198.
and copper, Bourno-

nite, 194.

bismuth, 200.

cobalt, 197.

copper, 193.
iron and copper, copper py-

rites, 194.

iron, magnetic pyrites, 196.

lead, galena, 195.

manganese, 198.

mercury, cinnabar, 199.

nickel, 201.

silver, 199.
tin and copper, tin pyrites, 194.

tantalum, oxide of, 179.
telluriferous and plumbiferous gold, 199.

tellurium, oxide of, 179.
tin. ores of, 196.

oxide of, 185, 196.

titanium, oxide of, 180.

tungstic acid, 178.

uranium, oxides of, 181.

zinc blende, black jack, sulphuret of zinc,195.
, carbonate ofj calamine, 196.

,
oxide of, 182.

Action of oxide of lead on
antimony, 127.

arsenic, 126.

bismuth, 128.

copper, 129.

, oxides of, 131.

iron, 128.

, peroxide of, 132.

, sulphate ot, 132.

manganese, peroxide of, 131.

metals, 1:26.

selenium, 126.

sulphur, 126.

tellurium, 126.

tin, 127.

zinc, 128.

Adelmann's goniometer, 55.

Agents, desulphurising, 132.

, oxidising, 124.

, reducing, 118.

Alcohol, uses of, 165.

Alkalies, action of, on lead ores of the second
class, 286.

, caustic, uses of, 138.

Alkaline carbonate, action of, on lead ores of
the second class, 286.

sulphurets, uses of, 140.

Alloy, approximate quantity of, assay for, 379.

Alloys, artificial, of gold, composition of, 452.
of copper and silver, assay of, 380.

, gold, general observations on the assay
of, 452,

, gold and copper, or gold, silver, and
copper, 460.

preliminary assay, 460,

assay proper, 460.

parting assay, 461.
of platinum and silver, assay of, 380.

silver, arid copper, assay of, 380.
of silver, description of, 375.

application of the process de-
scribed in the determination of the
standard of, 392.

of silver and copper, general remarks
on the assay of, 375.

of silver and copper, special instruc-
tions for the assay of, 379.

of zinc, assay of, 324.

Alumina, action of the blow-pipe on, 177.

,
determination of, 245.

, uses of, 142.

Aluiuinate of lead, composition of, 280.

description of, 280.

zinc, composition of, 316.

description of, 315.

Amalgam, action of the blow-pipe on, 200.

, discrimination of, 212.

, hydrarguret of silver, composition of, 375.

description of, 375.

Amalgamation, process of, in an assay for sil-

ver, 374.

Amethyst, violet, 482.

Ammonia, carbonate, uses of, 165.

, hydrosnlphuret, sulphuret ofammonium,
uses of, 165.

, liquid, uses of, 165.

, oxalate of, 123.

, uses of, 165,

, phosphate of soda, and microcosmic
salt, uses of, 169.

Amorphous sulphuret of mercury, description
of, 338.

Analytical assay of iron, method of conduct-

ing, 225.

Analysis of platinum ores, 341.

, treatment of the alcoholic solution, 346.

Angles of 1'ght, measurement of, 54.

Anhydrite, discrimination of, 218.

Anhydrous carbonate of copper, composition
of, 252.

, description of, 251 .

carbonate of zinc, composition of, 316.

, descript
;on of, 316.
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Anhydrous silicate of zinc, composition of, 321.

, description of, 321.

Anthracite, 119.

Antimonial grey copper, discrimination of,210.
nickel, discrimination of, 210.

silver, discrimination of, 210.

silver and argentiferous antimony, action
of the blow-pipe on, 20J.

sulphuret of copper, composition of, 268.

description of, 268.

lead, description of, 285.

silver, black, composition of, 350.

description of. 350.

, brittle, com position of, 351.

description of, 351.

, red, composition of, 350.

-description of, 350.

Antimonio-sulphuret of nickel, composition
of, 336.

, description of, 336.

Antimoniuret of silver, composition of, 375.

, description of, 375.

Antimonic acid, action of blow-pipe on, 179.

, description of, 309.
Antimonious acid, action of blow-pipe on, 179.

, description of, 309.

Antimony and its oxides, action of the blow-

pipe on, 178, 198.

, action of oxide of lead on, 127.

Antimony, action of the blow-pipe on, 198.

, assay of ores of the first class, 309.
second class, 309.

,
classification of, 308.

, grey, discrimination of, 210.

, Haidingerite, composition of, 310.

description of, 310.

, native, discrimination of, 210.

description of, 308.

, oxide of, discrimination of, 214.

description of, 309.

, oxysulphuret of, composition of, 310.

description of, 310.

, red, discrimination of, 215.

, red and black sulphurets of, action of the

blow-pipe on, 198.

, sulphuret of, composition of, 310.
discrimination of, 210.

description of, 310.
silver and copper, descrip-
tion of, 351.

silver and lead, description
of, 351.

silver and lead, uses of, 136,
140.

Anvil, 58.

stand, 58.

Apparatus, auxiliary, 97.
to the blow-pipe, 154.

for filling the pipette with normal solu-
tion of salt by aspiration, and for convenient
adjustment, 440.

for preserving the normal solution of salt
at a constant temperature, 441.

for weighing the normal solution of salt,
439.

Application of the process described in the de-
termination of the standard of a silver alloy,
392.

Approximative determination of the standard
of .an unknown alloy in silver, 431.

Aqua marine, green, 482.

regia, 458.

Argentiferous plumbo-telluret of gold, compo-
sition of, 451.

, description of, 441.

sulphuret of copper, action of the blow-
pipe on, 194.

telluret of gold, composition of, 451.

, description of, 451.

Argol, action of, on lead ores of the second
class, 286.

, uses of, 145.

Arseniate of cobalt, action of blow-pipe on, 197.

Arseniate of cobalt, discrimination of, 217.
of copper, action of the blow-pipe on, 195.

, composition of, 269.

, discrimination of, 217.

, description of, 269.
of iron, discrimination of, 218.
of lead, discrimination of, 215.
of nickel, description of, 337.

Arsenic, action of oxide of lead on, 126.

, assay of, 328.

, native, discrimination of, 208.

, red sulphuret of, realgar, 214.

, red sulphuret of, orpiment, 214.

Arsenical cobalt, action of blow-pipe on, 197.

grey copper, discrimination of, 208.

iron, discrimination of, 209.

nickel, action of the blow-pipe on, 201.

nickel, nickeline, discrimination of, 209.

sulphuret of copper, composition of, 267.

description of, 267.

sulphuret of silver, light red silver, com-
position of, 351.

, description of, 351.

Arsenic-sulphuret of cobalt, composition of,
334.

, description of, 334.

Arsenio-sulphuret of nickel, grey nickel, com-
position of, 336.

, description of, 336.

Arsenious acid, discrimination of, 214.

Arsenite of nickel, description of, 337.
Arseniuret of cobalt, composition of, 334.

, description of, 334.
of nickel, kupfernickel, composition of,

336.

, description of, 336.
of silver, composition of, 375.

, description of, 375.
Artificial alloys of gold, composition of, 452.
Ash, bone, uses of, 172.

Assay of alloys of

copper and silver, 380.

, general remarks on, 375.

gold, acid liquid, mode of operation of, 453.

, cupellation, gold and lead, 452.

, general observations on, 452.

gold and copper, proportion of lead, 452.

silver, 455.

, silver, platinum, and copper, 454.

, standard of the alloys of, 459.

, table of the alloys of, 459.

, table for proportions of lead to be em-
ployed in. the cupellation of gold and cop-
per, 453.

, touchstone, mode of operation of, 453.
and copper, or gold, silver, and copper,

460.
silver and copper, special instructions for,379.

zinc, 324.

Assay, analytical method of conducting, 225.

Assay and analysis of fuel, 486.

Assay of

antimony, 308 .

ores of the first class, 309.
second class, 311.

approximative quantity of alloy in silver, 372.

arsenic, 328.

bismuth, chromium, manganese, nickel, and
cobalt, 325.

residue, cupel bottoms, &c., 325.

bismuth, determination of amount of, by the
humid process, 325.

, native, 325.
chrome ore, 326.

determination of chromium by
means of standard solution, 327.

chromium, 326.
for cinnabar in an ore, 339.

cobalt, 334.

and nickel ores, 332.

copper, 249.

, classification of ores, 249.

, native, 253.
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Assay of

copper ores of the first class, 253.
. second class, 261.

, for regulus, 261.

, rich ores, 264.

, poor, 265.

, of the sulphates, 265.

, humid determination of copper in ores

of this class, 266.

ores of the third class, determination

of copper in the humid way by standard

solution and colorimeters, 273.

, ditto, Jaquelain's process, 276.

, ditto, Parkes's process, 275.

, ditto, Pelouze's process, 274.

, humid determination of metallic cop-

per in ores of this class, 269.

assay of substances of the fourth class,

270.

, refining by carbonate of potash and
nitrate of potash, 272.

, refining, or the assay of substances in

this class by oxygen and lead, 270.

, refining by carbonate of soda, 273.

, poor ores, &c., 256.

ild, substances of the first class, 447.

ron, apparatus for determination of carbo-

nic acid gas by Fresenius and Will, 227.

, determination of carbonic acid, 247.

lime and magnesia,
and part of phosphoric acid, 244.

} ditto, treatment of the precipitate, 244.

, determinat on of lime and magnesia
and part of phosphoric acid

;
treatment of

the alkaline solution poured off from the
first black precipitate; determination of

alumina and remainder of phosphoric
acid, 245.

, determination of potash an soda, 246.

silica, oxide of iron,
and oxide of manganese, 242.

, determination of sulphur, 247.

,
humid assay for the determination of

Ihe quantity of iron only, 234

, ditto, M. Marguerite's process, 234.

go
iro

second, 239.

third, 231.

fourth, 232.

fifth, 233.

, preparation of the normal test liquor,
237.

, quantitative determination of all the

constituents usually present in an iron

ore, 242.

lead, determination of lead by means of

standard solutions, 298.

, fusion with carbonate of soda or black
flux and metallic iron, 289.

, fusion with black flux or carbonate of
soda and oxide of iron or zinc, 291.

, fusion with black flux and protosul-

phuret of iron or sulphuret of zinc, 291.

, fusion with a mixture of carbonate of
soda and nitre, 292.

, galenas containing antimony, 294.

, humid assay of ores of first class, 283.

-second, 297.

substances, third, 298.

ores of the second class, 285.

, ditto, action of the alkalies and the
alkaline carbonates. 286.

, ditto, action of argol, 286.
metallic iron, 286.

nitrate of potash, 286.

oxygen, 285.

.substances of the first class, 281.

third, 297.

manganese, 329.

ores, 330.

mercury, 337.

Assay of
irercurial ores, 338.
nickel ores, 337.

platinum, 340.

silver by the humid method, measuring the
normal solution ofcommon salt by volume,
393.

silver bullion by the wet method, 381.

proper, 379.

silver, cupellation, directions for, 367.

, method of taking, from the ingot, 444.

,
ores and substances of class No. 1 ; fu-

sion with litharge, 355.

, do., fusion with oxidising reagents, 355.

, do., general observations on, 355.

, scorification, directions for, 361.

, special directions for the crucible assay
ofores and substances of the first class, 357,

, do., assay of reducing power of argol,
358.

, do., assay of oxidising power of nitrate
of potash, 358.

, do., assay of litharge for silver, 359.

, do., assay of ores of first section, 359.

, do., assay of ores ot second section, 360.

, do., assay of ores of third section, 360.

, special instructions for the scorification

assay of ores of the first class, 365.

, do., assay in scorifier, 3n5.

, pure or nearly pure, the temperature
of the normal solution of salt being that at

which it was standardised, 420.

size of, for blow-pipe operations, 174
for sulphur, 329.
tellurets and other native mineralised sub-

stances containing gold, 463.

tin, 299.

, estimation of tin by the humid method,
306.

, estimation of tin by means of a stan-

dard solution, 307.

, humid analysis of the assay of tin and
iron as obtained in the treatment of sili-

ceous ores and slags, 307.

. ores containing silica and tin slags, 302.

, ores containing sulphur, arsenic, and

tungsten (woliram), 303.

, oxide of, admixed with silica, 302.

, pure oxide of, 300.

zinc, 315.

, humid determination of zinc by means
ot standard solution, 324.

, humid determination of zinc ores of

the second class, 322.

, do., of the third class.

, do., of the fourth class, 324.

ores of the first class, 317.

, determination of amount of zinc by the
humid process in ores of the first ciass,
320.

ores of the second class, 321.

third, 323.

fourth, alloys, 324.

Atmosphere, the oxygen of, 133.

Aururets of silver (native) and native gold,

crystalline forms of, 448.

, description of, 448.

B.

Balance, assay, 68.

, theory of the, 69.

, the, 67.

, use of assay, 76.

Bars tire, 90.

Baryta, action of the blow-pipe on, 176.

,
ditto on carbonate of, 176.

, carbonate of, discrimination of, 218.

, nitrate of, uses of, 164.

, sulphate of, discrimination of, 219.

Bath, water, form of, 243.

Bismuth, action of the blow-pipe on, 184, 200.

, action of oxide of lead on, 128.
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Bismuth, blende, discrimination of, 218.

, native, action of the blow-pipe on, 20U.

assay of, 325.

determination of am >unt of, by
the humid process, 326.

discrimination of, 212.

description of, 325.

, oxide of, action of the blow-pipe ou, 184.

, residues, cupel bottoms, 325.

, silver and lead aulphurets of, composi-
tion of, 352.

, description of, 352.

, sulphuret of, action of blow-pipe on, 200.

discrimination of, 212.

Bismuthic sulphuret of copper, composition
of, 267.

, description of, 267.

Bisulphate of potash, uses of, 171 .

Bituminous sulphuret of mercury, description
of, 338.

Black aatimonial silver, composition of, 350.

, description of, 350.

copper, oxide of copper, composition of,
251.

jack, blende, sulphuret of zinc, descrip-
tion of, 322.

oxide of cobalt, action of the blow-pipe
on, 197.

oxide of copper, discrimination of, 217.
silicate of manganese, discrimination of,

212.

tellurium, 209.

Bladders, 103.

Blende, bismuth, discrimination of, 218.

, black jack, sulphuret of zinc, description
of, 322.

, zinc, sulphuret of zinc, discrimination
of, 322.

Blow-pipe, action of the, on
acid, antimonic, 179.

, antimonious, 179.

, molybdic, 177.
-

, tungstic, 178.

alumina, 177.

amalgam, 200.

antimony, 198.

, red and black sulphuret of, 198.
and its oxides, 1 78.

antimonic acid, 179.

antimonious acid, 179-.

antimonial silver and argentiferous anti-

mony, 200.

argentiferous sulphuret of copper, 194.
arseuiate of cobalt, 197.

arsenical cobalt, 197.

nickel, 201.

baryta, 176.

, carbonate of, 176.

bismuth, 184.

, native, 200.

, oxide of, 184.

, sulphuret of, 200.
black oxide of cobalt, 197.

bromides, 189.

cadmium, oxides of, 182.

carbonate of baryta, 176.

lead, 195.
oxide of iron, 196.

cerium, oxide of, 181 .

chlorides, 19.
chromate of oxide of iron, 19<i.

chromium, 198.

, oxide of, 178.

chrome ochre, 198.

cinnabar, sulphuret of mercury, 199.

cobalt, arseniate of, and arsenical, 197.

, black oxide of, 197.

glance, 197.

ores, 197.

, oxides of, 183.

, sulphuret of, 197-
coloured flames, 191.

copper, argentiferous sulphuret of, 194,

, arseniate of, 195.

Blow-pipe, action of the, on-
copper, rarbonaie of, 195.

, chloride of, 195.

, needle ore, Aikenite, 194.

, oxides of, 1<J5.

pyrites, sulphuret of iron and copper,

, sulphurets of, 193.

antimony and copper,
Bournonite, 194.

tin and copper, tin py-
rites, 194.

electrum, 200.

flames, coloured, 191.

fluorides, 189.

gold, 199.

.graphic, 199.

, telluriferous and plumbiferous, 199.

graphic gold, 199.
horn mercury, 199.

silver, 200.

hydrate of iron, 197.

hydrates, 190.

iodides, 189.

iron, 196.

, carbonate of oxide of, 196.

, chromate of, 196.

,
common pyrites, 196.

, hydrate of, 197.

, magnetic oxide of, 196.

, mispickel, arsenical pyrites, 196.

, oxides of, 183.

, sulphuret of magnetic pyrites, 190.

lead, carbonate of, 195.

ores, 195.

, oxide of, 195.

, phosphate of, 195.

, sulphate of, 195.

, sulphuret of galena, 195.

lime, 177.

lithia, 176.

magnesia, 177.

magnetic oxide of iron and oxide of tin, 19;i.

manganese, oxide of, 181.

, peroxide of, 198.

, sulphuret of, 198.

mercury, 187, 199.

, cinnabar, sulphuret of mercury, 199.

, muriate of horn, 199.
metallic antimony, 178.

minerals, antimony, 198.

, bismuth, 200.

, chromium, 198.

, cobalt, 197.

, copper, 193.

, gold, 199.

, iron, 196.

, lead, 195.

, manganese, 198.

, mercury, 199.

, nickel, 201.

, silver, 199.

, tin, 196.

mispickel, arsenical pyrites, 196.

molybdic acid, 177.

muriate of mercury, 199.

silver, 200.

native bismuth, 200.

needle ore, Aikenite, 194.

nickel, arsenical, 201.

, oxide of, 184.

, sulphuret of, 201.

nitrates, 189.

ochre, chrome, 198.

oxide of antimony, 179.

bismuth, 184.

cadmium, 182.

cerium, 181 .

chromium, 178.

cobalt, 183.

, black, 197.

copper, 186.

iron, 183, 196.

lead, 185, 195.
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Blow-pipe, action of the, on
oxide of manganese, 181.

nickel, 184.

silver, 187.

tantalum, 179.

tellurium, 179.

-tin, 185, 196.

titanium, 180.

uranium, 181.

zinc, 182.

peroxide of manganese, 198.

phosphates, 190.

phosphate of lead, 195.

phosphorus, 189.

potash, 176.

pyrites, iron, common, 195.
red silver, 200.
saline substances, sulphates, phosphates,
iodides, bromides, &c., 189.

selenium, 188.

seleniurets, 188.

silica, 187.

silicates, 190.

silver, 199.

amalgam, 200.

antimonial, and argentiferous anti-

mony, 200.

electrum, 200.

muriarte of, horn, 200.
oxide of, 187.

red, 200.

sulphuret of, 199.

soda, 176.

strontia, 193.

alone, 176.

sulphate of lead, 195.

sulphur, 188.

sulphuret of antimony, red and black, 198.
and copper, Bourno-

nite, 194.

sulphuret of bismuth 200.

cobalt, 197.

copper, 193.
iron and copper, copper py-

rites, 194.

iron, magnetic pyrites, 196.

lead, galena, 195.

manganese, 198.

mercury, cinnabar, 199.

nickel, 201.

silver, 199.
tin and copper pyrites, 194.

tantalum, oxide of, 179.
telluriferous and plumbiferous gold, 199.

tellurium, oxide of, 179.
tin, ores of, 196.

oxide of, 185, 196.

titanium, oxide of, 180.

tungstic acid, 178.

uranium, oxide of, 181.

zinc, blende, black jack, sulphuret of zinc.

195.

, carbonate of zinc, calamine, 196.

ores, 195.

, oxide of, 182.

Blow-pipe and its use, discrimination of me-
tals, &c., 148.

general routine of operations, 174.

operations, employment of fluxes,
175.

reactions, 176-7.

supports to, 154.
Blue carlonate of copper, azurite, composi-

tion of, 252.

, crystalline form of, 252.

, description of, 252.

, discrimination of, 217.
Blue stones
blue beryl, 479.

sapphire, 478.

topaz, 479.

tourmaline, 479.

comparative table of the weights in air and
water, 480.

Blue stones

dichroit, water sapphire, 479.
, composition, 479.

disthene, cyanite, 478.

, composition of, 479.

, crystalline forms of, 473, 475.

turquoise, 480.

Bog iron ore, assay of, 223.
Bone ash, uses of, 172.
Boracic acid, uses of, 142, 171.

Borax, biborate of soda, uses of, 142, 170.

Bournonite, discrimination of, 210.
Brazil wood paper, uses of, 171.
Brittle antimonial silver, composition of, 351.

, description of, 351.

Bright white cobalt, discrimination of, 209.

Bromides, action of the blow-pipe on, 189.
Brown and flame-coloured stones, 475.

comparative table of the weights in air and
water, 476.

composition, 476.

essonite, cinnamon stone, 476.

, composition, 477.
vermeil garnet, noble garnet, almandine, 475.
zircon (hyacinth), 475.

Brown haematite, assay of, 223.

, compact, 223.

, compact fibrous, 223.

Brucite, manganiferous oxide of zinc, compo-
sition of, 315.

, description of, 315.

Bullion, assay proper, 379.

, assay of, by the wet method, 381.

Cadmium, oxides of, action of blow-pipe on, 182.
Calamine, anhydrous carbonate of zinc, com-

position of, 316.

, description of, 316.

, determination of, 219.

, hydrated carbonate of, composition, 316.

, description of, 316.

Calcination, 77.

Calcium, fluoride of, fluor spar, discrimina-
tion of, 219.

Caoutchouc, 12, 104.

Carbon, 118.

Carbonate, anhydrous, of zinc, calamine, com-
position of, 316.

, description of, 316.

Carbonate of baryta, discrimination of, 218.

, action of the blow-pipe on, 176.

, blue, of copper, discrimination of, 217.
of copper, action of the blow-pipe on, 195.

, green, of copper, malachite, discrimina-
tion of, 217.

of iron, spathose iron, discrimination of,

219.
of lead, action of the blow-pipe on, 195.

, composition of, 280.

, description of, 279.

, discrimination of, 216.

of oxide of iron, action of the blow-pipe
on, 196.

of silver, composition of, 352.

, description of, 352.

of soda as a liquid reagent, uses of, 165.

solid reagent, uses of, 165.

of zinc, calamine, action of the blow-

pipe on, 196.

Carbonic acid in iron ore, determination of, 247.

Caustic potash as a liquid reagent, uses of, 165.

Celestine, sulphate of strontia, discrimination

of, 219.

Cement, iron, 105.

, Norman, 2, 102.

, resinous or hard, 9, 103.

, soft, 8, 103.

Cerium, oxides of, action of the blow-pipe on,
181.

Ceruse, uses of, 1.

charcoal, 119, 133.

Chemical Nomenclature, 125, 147.
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Chemical symbols, uses of, 8.

Chisel, cold, 60.

Chimney, 89, 90.

Chloride of copper, action of the blow-pipe on,
195.

, discrimination of, 217.
of lead, horn lead, discrimination of, 216.
of silver, horn silver, composition of, 353.

, description of, 352.

, reduction of, obtained in the
assay of alloys by the humid method, 437.

Chlorides, action of the blow-pipe on, 189.
Chloro-arseniate of lead and chloro-phosphate

of lead, description of, 297.
Chromate of lead, discrimination of, 216.

of oxide of iron, action of the blow-pipe
on, 196.

Chrome iron ore, discrimination of, 213.

ore, assay of, 326.
determination of chromium by

means of standard solution, 327.
Chrome ochre, action of the blow-pipe on, 198.

Chromium, oxide of, action of the blow-pipe
on, 178.

Chrysoprase, green, 482.

Cinnabar sulphuret of mercury, action of the
blow-pipe on, 199.

, description of, 337.

, discrimination of, 215.

, uses of, 140.

Classification of minerals :

ores of antimony, 308.

copper, 249.

gold, 246.

iron, 221.

lead, 278.

silver, 348.

Coal, amount of ash, 486.

coke, 486.

gas, 486.

sulphur, 416.

, analysis of, 490.

, chloride of calcium tube, figure of, 491.

, combustion tube, figure of, 490.

, heating power of, 487.

, Liebig's combustion furnace, figure of,
492.

potash apparatus, figure of, 491.
suction tube, figure of, 4U2.

Cobalt-
arseniate of, action of the blow-pipe on, 197.

, discrimination of, 2J7.

arsenical, action of the blow-pipe on, 197.

arsenio-sulphuret of, assay lor, 334.

, composition of, 334.

, description of, 334.
arseniurets of, composition of, 334.

, description of, 334.
black oxide of, action of the blow-pipe on, 1 97.

bright white, discrimination of, 209.

earthy, discrimination of, 220.

glance, action of the blow-pipe on, 197.
nitrate of, uses of, 164.

ores, action of the blow-pipe on, 197.
oxide of, action of the blow-pipe on, 183.

, composition of, 333.

, description of, 333.

sulphate of, composition of, 333.

, description of, 333.

sulphuret of, action of the blow-pipeon, 197.

, composition of, 333.

, description of, 333.

tin, white, discrimination of, 209.

Coke, 119.

Cold chisel, 60.

Coloured flames, 191.
Colourless stones

comparative table of weights of, 470.

pure alumina, 468.

carbon, 465.

silica or silicic acid, 466.

quartz, 465.

discrimination of, 464.

Colourless stones-
diamond, discrimination of, 464.
white sapphire, discrimination of, 468.

topaz, discrimination of, 468.
zircon, discrimination of, 467.

Combination, laws of, 6.

Compact brown haematite, description of, 223.
, fibrous haematite, description of, 223.

red haematite, description of, 223.
, red haematite, 223.

Composition, 471, 474.

Composition of

alloys, artificial, of gold, 452.
aluminate of lead, 280.

of zinc, 316.

amalgam, hydrarguret of silver, 375.
anhydrous carbonate of copper, 252

of zinc, 316.

silicate of zinc, 321.
antimonial sulphuret of copper, 268.-

silver, black, 350.

, brittle, 351.

, red, 350.

antimonio-sulphuret of nickel, 336.
antimoniuret of silver, 375.

antimony, Haidingerite, 310.

, oxysulphuret of, 310.

, sulphuret of, 310.

silver and copper, 351 .

argentiferous plumbo-telluret of gold,

telluret of gold, 45 1 .

arseniate of copper, 269.
arsenical sulphuret ot copper, 267.

of silver, bright red silver, 351.

arsenio-sulphuret of cobalt, 334.
of nickel, grey nickel, 336.

arseniuret of cobalt, 334.
of nickel, Kupfernickel, 336.
of silver, 375.

artificial alloys of gold, 452.

bismuth, silver, and lead sulphurets of, 352.
bismuthic sulphuret of copper, 267.
black antimonial silver, 350.

copper, oxide of copper, 251.
blue, carbonate of, 252.

stones, 481.

, dichroite, watei sapphire, 479.
, disthene, 479.

brittle antimonious silver, 351.

brucite, manganiferous oxide of zinc, 315.
calamine, anhydrous, 316.

, hydrated, 316.

carbonate, anhydrous, of zinc, calamine, 316.
of lead, 280.
of silver, 352.

chloride of silver, 353.
chrome iron, 326.

cobalt, arsenio-sulphuret of, 334.
, arseniurets of, 334.

, oxide of, 333.

, sulphate of, 333.

, sulphuret of, 333.
colourless stones, 468.

concretionary snlphuret of zinc, 323.
copper, anhydrous carbonate of, 252.

, antimonial, sulphuret of, 268.
, arseniates of, 2ti9.

, arsenical sulphurets of, 267.
, bismuthic sulphuret of, 267.
, blue carbonate of, azurite, 252.
, green, malachite, 253.

, black oxide of, 251.
, oxychlonde of, 251.

, peacock ore, horse flesh ore, 260.
, phosphates of, 269.
, plumbiferous sulphurets of,bournouite,

, pyrites, yellow ore, 59.
, ruby, sub-oxide, 250.
, seleniuret of, 260.

, silicates of, 251.

, silver and antimony, sulphuret of, 350.
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Cupels, 1 12.

, crucibles, 106.

Cupriferous sulphuret of lead, description of,
285.

seleniuret of silver, composition of, 352.

description of, 352.

sulphuret of silver, composition of, 350.

description of, 349.

Cyanide of potassium, uses of, 173.

Cyanite as a support for the blow-pipe, 160.

Cymophane (chrysoberyl), 471.

, possessing a play of colours, 480.

D.

Dark red silver, discrimination of, 215.

Decantation, 64.

Decime solution of common salt, preparation
of, 384.

silver, preparation of, 385.

Description of

acid, antimonic, 309.

, antimonious, 309.

aluminate of lead, 280.

zinc, 315.

amalgam, hydrarguret of silver, 375.

amorphous sulphuret of mercury, 338.

anhydrous carbonate of copper, 251.

zinc, 316.
silicate of zinc, 321.

antimonial sulphuret of copper, 268.

lead, 285.

silver, black, 350.

brittle, 351.

red, 350.
' sulphuret of nickel, 336.

antimonic acid, 309.
antimonious acid, 309.
antimoniuret of silver, 375.

antimoay, Haidingerite, 310.

, native, 308.

, oxide of, 309.

, o\ysulphuret of, 310.

, sulphuret of, 310.
silver and copper, 351.

lead, 351.

argentiferous plumbo-telluret of gold, 451.
telluret of gold, 451.

arseniate of copper, 269.

nickel, 337.
arsenical sulphuret of copper, 267.

of silver, light red silver, 351.

arsenio-sulphuret of cobalt, 334.
of nickel, grey nickel, 336.

arsenite of nickel, 337.
arseniuret of cobalt, 334.

of nickel, Kupfernickel, 336.
of silver, 375.

aururets of silver (native) and native gold,
448.

bismuth, native, 325.

, silver, and lead, sulphurets of, 352.
bismuthic sulphuret of copper, 267.
bituminous sulphuret of mercury, 338.
black antimonial silver, 350.

copper, oxide of copper, 350.

-jack, blende, sulphuret of, 322.

blende, blackjack, sulphuret of, 322.
blue carbonate of copper, azurite, 252.
brittle antimonious silver, 351.

calamine, anhydrous, 316.

hydrated, 316.

carbonate, anhydrous, of zinc, calamine, 316.
of lead, 279.
of silver, 352.

chloride of silver, horn- silver, 352.
chloro-arseniate of lead, and chloro-phos-
phateoflead, 297.

cinnabar, sulphuret of mercury, 337.

cobalt, arsenio-sulphuret of, 334.

, arseniurets of, 334.

, oxide of, 333.

, sulphate of, 333.

Description of

cobalt, sulphuret of, 333.

compact brown haematite, 223.
ribrous brown haematite, 223.

red haematite, 223.
red haematite, 223.

concretionary oxide of tin, 300.

sulphuret of zinc, 322.

copper, anhydrous carbonate of, 251.

, antimonial, 268.

, arseniate of, 269.

, arsenical sulphuret of, 267.

, bismuthic sulphuret of, 267.

, blue carbonate of, azurite, 252.

, ferruginous red oxide of, or tile ore, 250.

, green carbonate of, malachite, 252.

, native, 249.

oxides, black, 250.

, oxychloride of, 251.

, peacock ore, horse-flesh ore, 259.

, phosphate of, 268.

, plumbiferous sulphuret of,Bouriionite,
268.

pyrites, yellow ore, 259.

, ruby, sub-oxide of, 250.

, seleniuret of, 260.

, silicates of, 251.

, silver and antimony, sulphurets of, 351.

, stanniferous sulphurets of, 266.

, sub-oxide of, ruby copper, 250.

, sub-sulphate of, 260.

, sulphate of, 260.

, sulphuret of, 258.
disseminated oxide of tin, 300.

earthy oxide of zinc, 315.
electric calamine, hydrated silicate of zinc,

321.

ferruginous red oxide of copper, tile ore, 250.
fibrous sulphuret of mercury, 338.

Franklinite, 316.
fused sulphurets of lead from the smelting-

house, 285.

Gahnite, 315.

galena, sulphuret of lead, 284.

roasted, lead fumes and slags, 297.

gold, argentiferous telluret of, 451.

(native; and aururets of silver (native),
448.

, plumbo-argentiferous, 451.
and rhodium, 451.

, sulpho-plumbiferoufe, 451.

granular sulphuret of mercury, 338.

green carbonate of copper, malachite, 252.

grey copper, multiple sulphuret of copper,
267.

nickel, arsenio-sulphxiret of nickel, 336.

Haidingerite, 310.
horn silver, chloride of silver, 352.

horse-flesh ore, peacock copper ore, 259.

hydrated carbonate of zinc, 316.

silicate of zinc, electric calamine, 321.

hydrarguret of silver, amalgam, 375.
iodide of silver, 353.

koboldine, sulphuret of cobalt, 333.

Kupfernickel, arseniuret of nickel, 336.

lamellar sulphuret of mercury, 338.

zinc, 322.

lead, aluminate of, 280.

, carbonate of, 279.

, chloro-arseniate of, and chloro-phos-
phate of, 297.

, cupel bottoms, lead fumes and slags,
280.

, cupriferous sulphurets of, 285.

fumes and slags, roasted galena, 297

, fused sulphurets of, from the smelting--
house, 285.

, litharge, oxide of lead, 279.

, minium, red oxide of, 279.

, oxychloride or, 281).

, roasted galena lead fumes and slags,
2y7.

, seleniurets of, 283.
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Description of

lead, silver, and antimony, sulphurets cf,351 .

bismuth, sulphurets of, 352.

, sulphate of, artificial, 297.

, native, 297.

, sulphato-carbonate of, 297.

, sulphuret of, antimonial, 285.

galena, 284.

manganese ore, 329.

manganiferous oxide of zinc, brucite, 315.

mercury, or native mercury, 337.

, sulphuret of, amorphous, 338.

bituminous, 338.

, cinnabar, 337.

crystallised, 337.

fibrous, 338.

granular, 338.

lamellar, 338.

pulverulent, 338.

minium, red oxide of lead, 279.

multiple sulphuret of copper, 267.

native antimony, 308.

bismuth, 325.

copper, 249.

gold and aururetsofsilver(native),448.
mercury, 337.

silver, virgin silver, 374.

nickel, antimonio-sulphuret of, 336.

, arseniate of, 337.
.

, arsenio-sulphuret of, grey nickel,336.

, arsenite of, 337.

,
arseniuret of, Kupfernickel, 336.

,
oxide of, 336.

,
silicate of, 337.

, sulphuret of, 336.

oxide of antimony, 309.

cobalt, 333,

copper, black copper, 250.

lead, litharge, 279.

tin, 299.

concretionary, wood tin, 300.

crystallised, 300.

sandy, 300.

zinc, earthy, 315.

manganife:ous, brucite, 315.

oxychloride of copper, 251.

lead, 280,

oxysulphuret of antimony, 310.

zinc, 323.

palladium and gold, 451.

peacock copper ore, horse-flesh ore, 259.

phosphates of copper, 268.

plumbiferous sulphuret of copper, Bourno-
nite, 268.

plumbo-argentiferons telluret of gold, 451.

pulverulent sulphuret of mercury, 338.

pyrites copper, yellow ore, 259.
red antimonial silver, 350.

oxide of lead, minium, 279.
rhodium and gold, 451.

roasted galena lead fumes and slags, 297.

ruby copper, sub-oxide of copper, 250.

sandy oxide of, 300.

seleniuret of copper, 260.

lead, 385,

silver, 352.

cupriferous, 352.

zinc, 323.

silicate, anhydrous, of zinc, 321.

hydrated, of zinc, 321.
of copper, 251.

nickel, 337.

silver, antimoniuret of, 375.

, arseniuret of, 375.

, aururets of, and native gold, 448.

, carbonaie of, 352.

, chloride of, horn silver, 352.

, hydrarguret of, amalgam, 375.

, iodide of, 353.

, native, virgin silver, 374.

, seleniuret, 352.

cupriferous, 352.

, sulphuret of", 349.

Description of

silver, ditto, antimonial, dark red silver, 350.

black, 350.

brittle, 351.

red, 351.

arsenical, light, 351.

copper, and antimony, 351.

cupriferous, 349.

lead, and antimony, 351.

bismuth, 352.

, telluret of, 375.

stanniferous sulphuret of copper, 266.

sub-oxide of copper, ruby copper, 250.

sub-sulphate of copper, 260.

sulphate of cobalt, 333.

copper, 260.

lead, artificial, 297.

native, 297.

zinc, 323.

sulphato-carbonate of lead, 297.

sulpho-plumbiferous telluret of gold, 451.

sulphuret of antimony, 310.

arsenio, of cobalt, 334.

cobalt, arsenio, 334.

koboldine, 333.

copper, 258.

antimonial, 268.

arsenical, 267.

bismuthic, 267.

multiple, grey copper, 267.

plumbiterDUS, Bournonite, 268.

stanniferous, 266.

lead, galena, 284.

antimonial, 285.

cupriferous, 285.

fused, from the smelting-house,
285.

mercury, amorphous, 338.

bituminous, 338.

cinnabar, 337.

crystallised, 337.

fibrous, 338.

granular, 338.

lamellar, 338.

pulverulent, 338.

nickel, 336.

antimonio, 336.

arsem'o, 336.

silver, 349.

, antimonial, 350.
dark i-ed silver, 350.

, black, 350.

, brittle, 351.

, red, 350.
arsenical light red silver, 351.

, cupriferous, 349.

copper and antimony, 351.
lead and antimony, 351.

bismutb, 352.

zinc, blende black lack, 322.

, concretionary, 322.

, crystallized, 322.

, lamellar, 322.
telluret of gold,, argentiferous, 451.

, plumbo-argentiferous, 451,

, sulpho-plumbifeious, 451.

silver, 375.

tin, concretinous oxide of, wood tin, 300.

, crystallized oxide of, 300.

, disseminated oxide of, 300.

, oxide of, 299.

, sa ! dy oxide of, 300.

, wood, 300.

virgin silver, native silver, 374.
wood tin, concretionary oxide of tin, SCO.

yellow ore, copper pyrites, 259.

zinc, alnminate of, Gahnite, 315.

, anhydrous carbonate of calamine, 316.

, silicate of, 321.

, blende, black jack, 322.

, concretionary, 322.

, crystallized, 322.

, earthy oxide of, 315.
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Galena, sulphuret of lead, roasted lead fumes
and slags, description of, 297.

Garnet possessing a play of colours, 484.

Gas, hydrogen, 118.

Gems, discrimination of, 463.
General observations on the

assay of gold alloys, 452.
acid liquid, 453.

cupellation of gold and lead, 452.

gold and copper, proportion of, 452.
standard of the alloys of gold, 459.

, table of, 459.
table for proportion of lead to be employed

in the cupellation of gold and copper, 453.

touchstone, made of, operation of, 453.

gold alloyed with silver, parting of, 455.

assay of silver ores and substances of Class
No. 1, 353.

remarks on the assay of the alloys of
silver and copper, 375.

Glass, uses of, 142.

tubes as supports for theblow-pipe.,160.
closed, or matrass, as a support

for the blow-pipe, 160.

Gold, action of the blow-pipe on, 199.

, graphic, action of the blow-pipe on, 199.

, telluriferous and plumbiferous, action of
the blow-pipe on, 199.

, alloyed with silver, parting of, 455.

, alloys, general observations on the assay
of, 452.

, alloys, gold and copper, proportion of
lead, 452.

, alloys, gold and lead, cupellation, 452.

, aoperation with acid liquid, 453.
the touchstones, 453.

, argentiferous & auriferous, assay of, 457.
telluret of, composition of,

451.

, description of, 451.

, artificial alloys of, composition of, 452.

, assay of substances of the first class, 447.

, assay of, weights for, 75.

, classification of, 446.

and copper, assay of the alloys of, 460.

, description of, 447.
and lead, table for proportion of lead to

be employed in the cupellation of, 453.

, native composition of several varieties of.

449.

, native, discrimination of, 207.
and aururets of silver, crystalline

forms of, 448.

description of, 448.
and palladium, composition of, 451.

, plumbo-argentiferous,compositionof,45l .

description of, 451.
and rhodium, composition of, 451.

description of, 451.

, silver, and copper, assay of the alloys of,
460.

, platinum,andcopper,assay|of,454.
, standard of the alloys of, table of, 459.

, sulpho-plumbiferous, composition of, 452.

description of, 451.

, tellurets and other mineralised sub-
stances containing gold, assay of, 463.

Goniometer, Adel man's, 55.

ordinary, 54.

Graduation of the normal solution of salt, the
temperature being different to that at which
it is wished to t>e graduated, 430.

Granular iron ore, description of, 223.

sulphuret of mercury, description
Of, 223.

Graphic gold, action of the blow- pipe on, 199.
tellurium, discrimination of, 209.

Graphite, or black lead, description of, 118.
Green carbonate of copper, malachite, compo-

sition of, 253.

description of, 252.

discrimination of, 217.
Green stones, aqua marine, 482.

Green stones, chrysoprase, 482.

comparative weights in air and
water, 453.

475 and 479.

emerald, 482.

peridot, crystalline forms of,

crysolite, 482.

sapphire, 482.

tourmaline, 482.

Grey antimony, discrimination of, 210.

copper, antimpnial,discrimination of,210.
arsenical, discrimination of, 208.

multiple sulphurets of, descrip-
tion of, 267.

nickel, arsenico-sulphuret, composition
of nickel, 336.

description of, 336.

Grouping of crystals, 47.

Gum, 122.

, sugar, starch, 121.

Gypsum, sulphate of lime, discrimination of,
218.

,
uses of, 171.

H.

Haidingerite, composition of, 310.

description of, 310.

Hammers, 59.

for use after blow-pipe, 162.

Haematite, brown, description of, 223.

compact brown, 223.

, red, 222.

discrimination of, 213.

and brown, description of, 222.

compact, 223.

fibrous, 223.

ochreous, 223.

Heat, action of, on crystals, 51.

Hemihedric forms, 42.

Hemihedrism of the cubical system, 45.

square prismatic system, 45.

Hood, the, 89.

Horn lead, chloride of lead, discrimination of,
216.

mercury, action of the blow-pipe on, 199.
subchloride of mercury, calo-

mel, discrimination of, 215.

silver, action of the blow-pipe on, 200.

composition of, 353.

description of, 352.
Horse flesh ore, Peacock copper ore, composi-
tion of, 260.

description of, 259.
Humid analysis of the alloys of tin and iron as
obtained in the treatment of siliceous ores
and slags, 307.

assay of lead ores of the second class,
295.

substances of the third

class, 298
determination of copper in copper ores

of the second class, 265.
third class, 269.
determination of zinc in ores of the

third class, 323.
in substances of the fourth class, 324.

Hydrarguret of silver, amalgam, composition
of, 375.

description of, 375.

Hydrate of iron, action of the blow-pipe on, 197.

Hydrated carbonate of zinc, composition of, 316
.

( description of, 316.
silicate of zinc, composition of, 321.
electric calamine,description of,321.

Hydrates, action of the blow-pipe on, 190.

Hydrochloric acid, uses cf, 165.

I.

Impermeability, 108.

Instructions, special, for assay of substances
of the first class, admixed with native silver,
365.
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Instructions for cupellation, 367.
for the assay of the alloys of silver and

copper, 379.

, special, for the scorification assay of
silver ore of the first class, 365.

,
for assay in

scqrifier, 365.

Iodides, action of the blow-pipe on, 189.
Iodide of silver, description of, 353.

Iron, action of the blow-pipe on, 196.
oxide of lead on, 128.

, uses of, 133.

, arseniate of, discrimination of, 218.

, arsenical, discrimination of, 209,

, bog-, description of, 220.

, carbonate of, spathose iron, discrimina-
tion of, 219.

of oxide of, action of the

blow-pipe on, 196.

, chromate of, action of the blow-pipe on,

, chrome ore, discrimination of, 213.

, common pyrites, action of the blow-pipe
on, 196.

, magnetic iron ore, composition of, 222.

, crystalline forms of,
222.

, oxide of iron, action of the blow-pipe on,
196.

, metallic, and oxide of, 124.

, mispickel, arsenical pyrites, action of
the blow- pipe on, 196.

-, native, discrimination of, 208.

ores, action of the blow-pipe on, 196.

, analytical assay of ores of the first class,
229.

srcond class, 229.
third class, 231.

fourth class, 232.

fifth class, 233,
M. Marguerite's process,

234.

Dr, Penny's process, 237.

-, composition of, of the second class,

, ofthe third class,232.

-, crystalline form of, 232.

-, determination of carbonic acid, 247.
form of apparatus for, 247.

, determination of lime and magnesia,
and part of phosphoric acid, 244.

of potash and soda, 246.

of sulphur, 247.
of water, 248.

-, granular, description of, 223.

-, haematite brown, description of, 223.

compact brown, ditto, 223.
fibrous ditto, 223.

red, description of, 223.

compact, ditto, 223.

fibrous, 223.

ochreous, 223.

, magnetic, composition of, 222.

crystalline form of, 222.

description of, 221.

discrimination of, 213.

, quantitative determination of all the
constituents usually present in, 242.

spathose carbonate of, discrimina-, B|KU
tion of, 2)9.

, specular iron ore, Elba ore, com-
position of, 222.

, crystalline form of, 222.

-, description of, 222.

, treatment of the alkaline solution

poured off from the first black precipitate,
determination of alumina and remainder of

phosphoric acid, 245.

, oxide of, action of the blow-pipe on, 183.

, determination of, 242.

, uses of, 148.

, peroxide of action of oxideof leadon, 132.

, pyrites, uses of, 140.

magnetic, discrimination of, 212.

Iron, sulphuret of, magnetic pyrites, action of
the blow-pipe on, 19(i.

discrimination of, 212.
uses of, 134.

wire, uses of, 172.

Isomorphism, 52.

Koboldine, sulphuret of cebalt, composition
of, 333.

description of, 333.

Kupfernickel, arseniuret of nickel, composi-
tion of, 336.

description of, 336.

Ladle, 98.

Lamellar sulphuret ofmercury, description of,
338.

zinc, description of, 322.
Laws of combination, 6.

symmetry, 22.

Lead, action of the blow-pipe on, 195.

, aluminate of, composition of, 2 0.

Description of, 280.

, antimouial sulphuret of, description of,
285.

,
arseniate of, discrimination of, 216.

, assay of ores of first class, 281.

, humid, 283.
second class, 285.

, action of the alkalies and the alkaline

carbonates, 286.

, action of argol, 286.

metallic iron, 286.

nitrate of potash, 286.

oxygen, 285.

, assay of ores of third class, 297.

humid, 298.

, assay of, fusion with black flux, or car-
bonate of soda, and oxide of iron or zinc, 2y 1 .

, fusion with black flux, or proto-sulphu-
rets of iron, or sulphuret of zinc, 291.

, fusion with carbonate of soda, or black

flux, and metallic iron, 289.

-, fusion with a mixture of carbonate of
soda and nitre, 292.

, galenas containing antimony, 294.

, humid assay of ores of second class, 295.

third class, 298.

, borate of, uses of, 147.

, carbonate of, action of blow-pipe on, 195.

composition of, 280.

description of, 279.
discrimination of, 216.

, chloride of, horn lead, discrimination of,
216.

, chlorp-arseniate andchloro-phosphateof,
de.cription of, 297.

, chromate of, discrimination of, 216.

ores, classification of, 278.

of, third class, 296.

, cupel bottoms, lead fumes, and slags, de-

scription of, 280.

, cupriferous sulphurets of, description of,
285*

, determination of, by means of standard
solutions, 298.

, fumes and slags, roasted galena, descrip-
tion of, 297.

, fused sulphurets of, from the smelting
house, description of, 285.

, glass of, silicate of lead, uses of, 147.

, humid assay of ores of first class, 283.

second class, 295.
third class, 298.

, litharge, oxideof lead, composition, 279.

description of,279.

, metallic, 124.

, minium, red oxide of, composition, 279.
, description of, 279.

L L
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Lead, native, discrimination of, 208.

, nitrate of, uses of, 139.
-*

, oxide of, action of blow-pipe on, 185, 195.

, oxych'.oride of, composition of, 280."

description of, 280.

, phosphate of, action of blow-pipe on, 195.

, roasted galena, lead fumes, and slags, de-

scription of, 297.

, seleniuret of, description of, 285.

, silver, and antimony, sulphurets of, de-

scription of, 351.

, silver, and bismuth, sulphurets of, cpm-
position of, 352.

, description of, 352.

, sulphate of, action of blow-pipe on, 195.

oxide of lead on,
132.

, composition of, 297.

, description of, 297.

, discrimination of, 216.

,
uses of, 139, 147.

, sulphate-carbonate of, composition, 297.

description of, 297.

, sulphuret of, antimonial, description of,

1-, sulphuret of, galena, action of the blow-

pipe on, 195.

,
composition of, 285.

, crystalline forms of, 284.

, description of, 284.

,
discrimination of, 212.

, uses of, 127.

, uses of, 171.

Light, action of, on crystals, 54.

red silver, discrimination of, 215.

Lime, action of the blow-pipe on, 177.

, determination of, 244.

^-. uses of, 142.

Liquid reagents for the blow-pipe, 164.

Liquid, normal test, preparation of, 237.

Litharge, oxide of lead, 125.

, composition of, 279.

, description of, 279.

.uses of, 133, 147.

Lithia, action of the blow-pipe on, 176.

Litmus paper, us s of, 171.

Lutes, 102.

M.

Magnesia, action of the blow-pipe on, 177.

-, determination of, 244.

, uses of, 142.

Magnetic iron ore, assay of, 221.
___ composition of, 222.

crystalline form of, 222.

discrimination of, 213.

. pyrites, discrimination of, 212.

oxide of iron and oxide of iron, ac-

tion of the blow-pipe on, 196.

Manipulation in silver assays, modes ofabridg-

Mangane"se, black silicate of, discrimination

of, 212.

ores, assay of, 230.

description of, 229.

oxide of, action of the blow- pipe

on, 181.

, determination of, 242.

peroxide of, action of the blow-

pipe on, 198.
action of blow-pipe on, 198.

sulphuret of, action of oxide of

lead on, 134.
discrimination of, 211.

uses of, 134.

Manganiferous oxide of zinc, brucite, compo-
sition of, 315.

, description of, 315.

M. Marguerite's process for conducting ana-

lytical assay of iron. 234.

Meal, linseed or almond, 4, 103.

Means of protection from the nitrous vapour
disengaged from the bottles during the pro-
cess of assay by the humid method, 448.

Measurement, methods of; the normal solu-
tion of common salt in the employment of
volumes instead of weights, 394.

Mechanical preparation of minerals for assay,
57.

Mercurial ores, assay of, 338.

, assay for amount of cinnabar in, 339.

Mercury, action of the blow-pipe on, 187, 199.

, assay of, 337.

, amorphous sulphuret of, description of,
338.

, bituminous sulphuret of, description of,
338.

, cinnabar, sulphuret of, action of the

blow-pipe on, 199.

, description of, 337-

. crystallised, sulphuret of, description of,

337.

, fibrous, sulphuret of, description of, 338.

, granular, sulphuret of, description ot',338.

, lamellar, sulphuret of, description of, 338.

, metallic or native, description of, 337.

,
muriate of, horn, action of the blow-pipe

on, 199.

, native, description of, 337.

discrimination of, 207.

, pulverulent, sulphuret of, description of,
338.

, silver alloys containing, modification re-

quired in the assay of, 438.

, subchloride of, horn mercury, calomel,
discrimination of, 215.

, sulphuret of, cinnabar, discrimination

of, 215.

Metallic antimony, action of blow-pipe on, 178.

iron, action of, on lead ores of the
second class, 286.

Metals, action of oxide of lead on the, 126.

, discrimination of, 148.

Method of conducting analytical assay of iron,
225.

measurement of the normal solu-

tion of common salt in the employment of

volumes instead of weights, 391.

taking the assay from the ingot, 444.

Mica as a support for the blow-pipe, 100.

M inium, red oxide of lead, composition of, 279.

description of, 279.

Minerals, classification of, 206.

degree of fusibility of, 201.

discrimination of, by blow-pipe, 201.

specific gravity of, 203.

Mispickel, arsenical pyrites, action of the

blow-pipe on, 196.

Modes of abridging manipulation in silver

assays, 432.

Modifications of the cubical system, 27.

. required in the assay of silver

alloys containing mercury, 438.

of rhombohedrical system, 39.

of right rectangular prism, 34.

. square, 31.

Moisture, correction for, 87.

Molecules, form of, 53.

primitive dimensions of, 48.

Molybdenum, sulphuret of, discrimination of,

214.

Molybdic acid, action of the blow-pipe on, 177.

Mould, ingot, 9.
Multiple sulphurets of copper, description of,

267.

Muriate ofmercury, action of blow-pipe on, 199.

silver, action of blow-pipe on, 200.

N.

Native antimony, description of, 308.

, discrimination of, 210.

arsenic, discrimination of, 208.
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Native bismuth, action of blow-pipe on, 200.

assay of, 325.

description of, 325.

discrimination of, 212.
< copper, assay of, 253.

crystalline forms of, 249, 250.

description of, 249.
discrimination of, 208.

gold, composition of several varieties

of, 449.
discrimination of, 207.
and aururets of silver (native),

crystalline forms of, 448.

, description of, 448.

iron, discrimination of, 208.

lead, discrimination of, 208.

mercury, description of, 337.
discrimination of, 207.

palladium, discrimination of, 207.

platinum, discrimination of, 208.

silver, virgin silver, analysis of, 375.
- description of, 374.

discrimination of, 207.
Needle ore, Aikenite, action of the blow-pipe
on, 194.

Nickel, action of the blow-pipe on, 201.

, antimonial, discrimination of, 210.

, antimonio-sulphuret of, composition of,

336.

description of, 336.

, arseniate of, description of, 337.

, arsenical, action of blow-pipe on, 201.

discrimination of, 209.

-, arsenio-sulphuret of, grey nickel, com-
position of, 336.

description of, 336.

, arsenite of, description of, 337.

, arseniuret of, kupfernickel, composition
of, 336.

description of, 336.

ochre, discrimination of, 218.

, ores of, assay of, 337.
list of, 355.

, oxide of, action of the blow-pipe on, 184.

description of, 336.

, silicate of, description of, 337.

, sulphuret of, action of blow-pipe on, 201.

description of, 336.

discrimination of, 211.

Nickeline, discrimination of, 209.
Nitrate of potash, action of, on lead ores of the
second class, 28G.

Nitrates, action of the blow-pipe on, 189.

Nitre, uses of, 139.
nitrate of potash, uses of, 172.

Nitric acid, uses of, 165.

Nitrous vapour, means of protection from,
disengaged from tt.e bottles during the pro-
cess of assay by the humid method, 442.

Nomenclature, chemical, 1.

Normal solution of common salt, apparatus
for tilling the pipette by aspiration, and for

convenient adjustment, 440, 441.

, apparatus lor preserving at a constant

temperature, 441.

, apparatus for weighing, 439.

, correction of the standard when the tem-

perature varies, 403.
.

, graduation of, the temperature being
different to that at wliich it is wished to be

graduated, 430.

,
methods of measurement in the employ-

ment of volumes instead of weights, 394.

, preparation of, measuring by volumes,
400.

.
, preparation of, when measured by

weights, 387.

, preservation of, 390.
in metallic vessels, 399

,
table of corrections for variations in tem-

perature, 405.

, temperature of, 398.

Normal test liquor, preparation of, 237.

O.

Observations, general, on-
acid liquid, mode of operation of, 434.

aqua regia, 458.

argentiferous and auriferous ores, 457.
the assay of gold alloys, 452.

silver ores, 353.

cupellation, gold and lead, 452.

gold and copper, proportion of lead, 452.

alloyed with silver, 455.

, silver, platinum, and copper, 454.

standard of the alloys of gold, 459.

table of the alloys of gold, 459.

table for proportion of lead to be employed
in the cnpellation of gold and copper, 453.

touchstone mode of operations, 453.

Ochre, chrome, action of the blow-pipe on, 198.
- -- nickel, discrimination of, 218.

Ochreous red haematite, assay of, 223.

Oil, white lead mixed with, 103.

Oils, fat, 120.

Operations, general preparatory chemical, 77.

Orpiment, yellow sulphuret of arsenic, dis-

crimination of, 214.

Oxalate of ammonia, uses of, 165.

Oxidation by the use of the blow-pipe, 153.

Oxide of

antimony, action of the blow-pipe on, 179.

description of, 309.
discrimination of, 214.

bismuth, action of the blow-pipe on, 184,

cadmium, action of the blow-pipe on, 182.

cerium, action of the blow-pipe on, 181.

chromium, action ofthe blow-pipe on, 178.

cobalt, action of the blow-pipe on, 183.

composition of, 333.

description of, 333.

black, action ofthe blow-pipe on, 197.

copper, action of the blow-pipe on, 186, 195.

uses of, 172.

black, composition of, 251.

description of, 250.

discrimination of, 217.

red, ruby copper, discrimination of,
217.

iron, action of the blow-pipe on, 183, 196.

, determination of, 242.

lead, action of the blow-pipe on, 185, 195.
on the metals, 126.

, litharge, composition of, 279.

description of, 279.

manganese, action of the blow-pipe on, 181.
determination of, 242.

nickel, action of the blow-pipe on, 184.

description of, 336.

silver, action of the blow-pipe on, 187.

tantalum, action of the blow-pipe on, 179.

tellurium, action of the blow- pipe on, 179.

tin, action of the blow-pipe on, 185, 196.

, composition of, 300.

, description of, 299.

admixed with silica, assay of, 302.

, concretionary, wood tin, description
of, 300.

, crystallised, description of, 300.

, pure, assay of, 300.

, san y, description of, 300.

titanium, action of the blow-pipe on, 180.

uranium, action of the blow-pipe ou, 181.

zinc, action of the blow-pipe on, 182.

, manganiferous, brucite, composition
of, 315.

description of, 315.

Oxides, metallic, reduction of, uses of, 167.

Oxysuiphuret of zinc, description of, 323.

Oxychloride of copper, composition of, 251.

description of, 251.

lead, composition of, 280.

description of, 280.

Oxygen, 125.

, action of, on lead ores ofsecond class, 285.
of the atmosphere, uses of, 133.
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Oxysutphuret ofantimony, composition of, 310.

description of, 310.

P.

Palladium and gold, composition of, 451.

; description of, 451.

native, discrimination of, 208.
Paper, 10, 103.

, Brazil wood, uses of, 171.
, litmus, uses of, 171.

,

Paris, plaster of, 3, 102.
Peacock copper ore, horse-fiesh ore, descrip-

tion of, 259.

Penny, Dr., process for conducting: analytical
assay of iron, 237.

Peridot, chrysolite, 482.~
crystalline forms of, 482.

Peroxide of mananese, action of the blow-pipe
oiij 19$.

Pestle and mortar, iron, 60.
'

porcelain, 60.
for the use ofblow-pipe, 162.

Phosphates, action of the blow-pipe on, 190.
Phosphate of copper, composition of, 269.

description of, 268.
lead, action of blow-pipe on, 195.
soda, uses of, 165.

Phosphoric acid, determination of, in iron,

Phosphorus, action of the blow-pipe on, 189.
iitj iisli, 89
Pit, the ash, 90.

Platinum, assay of, 340.

native, discrimination of, 208.
ores, analysis of, 341.

treatment of the alcoholic so-
lution of, 346.

as a support for the blow-pipe, 159 .

and silver, alloys of, assay of, 380.

T-~> silver, and copper, alloys of, assay
Or, 380.

-- sodio-chloride of, uses of, 165.
Plumbiferous sulphurets of copper, Bourno-

nite, composition of, 268.
, description of, 451.

Poor ores, copper, assay of, 256.
Potaab, action of the blow-pipe on, 176.

, determination of, in iron ore, 246.
, binoxalate of, uses of, 145.
, bisulphate of, uses of, 171.
, bitartrate of, uses of, 145.

-, carbonate of, action of oxide of lead
on, 132.

uses of, 143.
, caustic, uses of, 165.

, nitrate of, action of, on lead ores of
the second class, 286.~

: uses of, 139, 144, 172.
Potassium, cyanide of, uses of, 173.

> ferridcyanide of, uses of, 165.-
: > ferrocyanide of, uses of, 165.

Precious stones, discrimination of, 463.
Preparation ofthedecime solution ofsilver,385.

, mechanical, of minerals for assay, 57.
of the normal solution of common salt,when measured by volume, 400.
ditto, when measured by weight, 387.
of perfectly pure silver, 438.

Preservation of the normal solution of com-
mon salt, 390.

ditto, in metallic vessels, 399.
Pressure, correction for, 87.
Process for conducting- analytical assay of

iron, M. Marguerite's, 234.
, Dr. Penny's, 237.

Protection from the nitrous vapour disengaged
from the bottles during the process of assay
by the humid method, means of, 442.

Pulverisation, 60.
Pulverulent sulphuret of mercury, description

of, 338.

Purple copper, discrimination of, 211.

Pyrites, copper, yellow ore, composition of, 250.

description of, 259.
iron, common, action of blow-pipe on,

Pyrometer, Daniell's, 115.

, Wedgwood's, 114.

Q.

Quantitative determination of all the consti-
tuents usually present in an iron ore, 242.

Quartz, 465.

, crystalline forms of, 466.

, discrimination of, 220.

possessing a play of colours, 484.

, violet, 482.

R.

Realgar, red, sulphuret of arsenic, discrimi-
nation of, 214.

Red antimonial silver, composition of, 350.

description of, 350.

antimony, discrimination of, 215.
and brown haematites, description of, 223.

haematites, 222.

, compact, description of, 223.

compact fibrous, description
of, 223.

-J

ochreous, discrimination of,
213.

oxide of copper, ruby copper, discrimina-
tion of, 217.

oxide of lead, minium, composition of,
279.

, description of, 279.
Red and rose-coloured stones-
comparative table of weights in air and wa-

ter, 478.

deep red garnet, noble garnet, 477.
red sapphire, 477.
reddish topaz, 477.
red tourmaline, 477.

ruby, composition, 477.

ruby, spinel, 477.
Red silver, action of the blow-pipe on, 200.

discrimination of, 215.

Reducing power of the various fluxes, 146.

Reduction, 81.

of chloride of silver obtained in
the assay of alloys by the humid method,
437.

of metallic oxides, uses of, 167.

by the use of the blow-pipe, 153.

Refining copper, or the assay of substances of
the first class by carbonate of soda, 273.

by oxygen and lead, 270.

by potash and nitrate of potash, 272.

Remarks, general, on the assay of the alloys
of silver and copper, 375.

Resins, the fat oils, and tallow, 120.

Resins, 121.

Rhodium and gold, composition of, 451.

1 description of, 451.

Rhombohedric system, modifications of, 39.

Right rectangular prismatic system, modifi-
cations of, 34.

Right square prismatic system, modifications

of, 31.

Roasted galena, lead fumes, and slags, de-

scription of, 297.

Roasting, 79.

Ruby copper, red oxide of copper, discrimina-
tion of, 217-

, suboxide of copper, composition of, 250.

crystalline form of, 250.

description of, 250.

S.

Saline substances, sulphates, phosphates,
iodides, bromides, action of the blow- pipe
on, 189.
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Salt, common (chloride of sodium), uses of.
144.

decime solution of, 384.

, normal solution of common, apparatus
for filling the pipette by aspiration, and for
convenient adjustment, 440, 441.

, ditto, apparatus for preserving at a con-
stant temperature, 441.

, ditto, apparatus for weighing, 439.

, ditto, correction of the standard of, when
the temperature varies, 403.

, ditto, graduation of the temperature
being different to that at which it is wished
to be graduated, 430.

, ditto, measurement of, 382.

, ditto, method of weighing, 385.

, ditto, preparation of, when measured by
weight, 387.

, ditto, preparation of, when measured by
volume, 400.

, ditto, preservation of, 390.

, ditto, preservation of, in metallic ves-
sels, 399.

, ditto, table for the assay by the wet
method of an alloy containing any propor-
tions whatever of silver, by the employment
of a constant measure of the, 406.

, ditto, table of, correction for variations
in temperature, 405.

, ditto, temperature of, 398.

Saltpetre, uses of, 139.

Sapphire, green, 482.

, possessing a play of colours, 484.

, violet, 481.

, white, 468.

, yellow, 471.
Scorification of silver, directions for, 361.

Scorifier, 112, 113.

, assay in, 365.

Selenium, 126.

, action of the blow-pipe on, 188.
oxide of lead on, 126.

Seleniurets, action of the blow-pipe on, 188.
Seleniuet of

copper, composition of, 260.
, descriipton of, 260.

lead, description of, 285.

silver, description of, 352.

cupriferous, composition of, 352.

description of, 352.

zinc, description of, 323.

Shears, 60.

Sieve, the, 62.

, extempore, 63.

Sifting, 62.

Silica, action of the blow-pipe on, 187.

, determination of, in iron ore, 242.

, uses of, 142, 172.

Silicates, action of the blow-pipe on, 190.

, action of oxide of lead on, 131.

, composition of, 251.

, description of, 251.

, anhydrous of zinc, composition of, 321.

, description of, 321.

, hyd rated, of zinc, electric calamine, com-
position of, 321.

, description of, 321.
of nickel, description of, 337.

Silver, action of the blow-pipe on, 199.

, alloys of (standard silver), 375,

, alloys containing mercury, modification

required in the assay of, 438.

, alloys of silver and copper, special in-
structions for the assay of, 379.

, assay in approximate quantity of alloy,
370.

, assay proper of silver bullion, 379.

alloy, standard of a, application of the

process described in the determination of,
392.

, amalgam, action of the blow-pipe on, 200.

, antimon:al, and argentiferous antimony,
action of the blow-pipe on, 200.

, antimonial of, composition of, 375.

Silver, ante'rnonial of, description of, 355.

, arseniuret of, composition of, 375.

, description of, 375.

, assay of, approximative deter-
mination of the standard of an unknown
alloy, 431.

, assay of, by humid method, means of

protection from the nitrous vapour disen-

gaged from the bottles doring the process,
442.

, measuring the normal solution
of common salt by volume, 393.

, method of taking the asssy
from the ingot, 444.

, assay of, modes of abridging manipula-
tion of, 452.

, pure, or nearly pure, the tem-
perature of the normal solution of salt being
that at which it was standardised, 428.

, reduction of chloride of silver,
obtained in the assay of the alloys by the
humid method, 437.

, substances of the first class,
admixed with native silver, 365.

, tables for determining the
standard of any silver alloy, by employing
an amount of alloy always approximatively
containing the same amount of silver, 408.

assay, weights for, 74.

, auriferous, electrum, discrimination of,
207.

, aururets of native, and native gold, crys-
talline form of, 448.

description of, 441.

bullion, assay of by the wet method, 381.

, carbonate of, composition of, 352.

, description of, 352.

-^-, chloride of, horn silver, composition of,
353.

, description of, 352.

, discrimination of, 215*

, reduction of, obtained in the assay
of alloys by the humid method, 437.

and copper, general remarks on the

assay of the alloys of, 375.

, special instructions for the assay of the

alloys of, 372, 380.

, special instructions for the assay of the

alloys of silver and copper, assay for ap-
proximate quantity of alloy, 379.

, special instructions for the assay of the

alloys of silver and copper, assay proper for

silver bullion, 379.

Silver, dark red, discrimination of, 215.

, decime solution of, preparation of, 385.

, electrum, action of the blow-pipe on, 200.

fusion, with oxidising re-agents, 355.

litharge, 355.

, general observations on the assay of the
ores and substances of the first class, 353.

, general remarks on the assay of the alloys
of silver and copper, 375.

, horn, discrimination of, 215.

, hydrarguret of, composition of, 375.

, amalgam, description of, 375.

, iodide of, description of, 353.

, light red, discrimination of, 215.

, muriate of, horn silver, action of the
blow-pipe on, 200.

, native, rough left on sieve by the pul-
verisation of silver ore of the first class, and
native alloys of silver as antimonial, &c.
assay of, 381.

, native, virgin silver, analysis of, 375.

, description of, 374.

, discrimination of , 207.
, nitrate, uses of, 164.

, oxide of, action of the blow-pipe on, 187.

, perfectly pure, preparation of, 438.
and platinum, assay of alloys of, 380.

, platinum, and copper, 380.

, process of amalgamation in an assay for,
374.

, red, action of the blow-pipe on, 200.
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Silver, seleniuret of, description of, 853.

cupriferous, composition of, 3<?Q.

description of, 352.

Silver, special directions for the crucible assay
of ores and substances of the first class, 357.

, assay of litharge for silver, 359.

, assay of ores of the first seetion, 352.

, assay of ores of the second section, 360.

, assay of ores of the third section, 360.

, assay ofthe reducing power ofargol, 358.

, scorification, 361.

, special instructions for the assay of the

alloys of silver and copper, 379.

, assay for approximate quantity of alloy,
379.

, assay of alloys of copper and silver, 380.

, assay proper for silver bullion, 379.

, special directions for the scorification

assay of ore of the fiist class, 365.

assay in scorifier, 365.

, sulphuret of, action of the biow-pipe on,
199.

composition of, 349.

crystalline form of, 349.

description of, 349.
discrimination o;,2IO.

, antimonial, dark red silver, description
Of, 350.

, black ditto, composition of, 350.

-', description of, 350.

, brittle ditto, composition of, 351

, description of, 351.

, red, composition of, 350.

, description of, 350.

, arsenical, light red silver, composition
of, 351.

description of, 351.

, copper, and antimony, composition of,
351.

, description of, 351.

f cupriferous, composition of, 350.

, description of, 349.

, sulphuret of, lead and antimony, des-

cription of, 351.

, lead and bismuth, composition of, 352.

, description of, 352.

, telluret of, composition of, 375.

, description of, 375.

Soap, white or mottled, uses of, 146.

Soda, action of the blow-pipe on, 176.

, ammonio-phosphates of, microcosmic
salt, uses of, 169.

, carbonate of, 165, 166.

, fusion of substances with, 166.

, phosphate of, 165.

, sulphate of, 132.

,
uses of, 165.

Soxlio-chloride platinum, uses of, 165.

Sorrel, salt of, uses of, 145.

Spar fluor, fluoride of calcium, discrimination

of, 219,

Spathose iron, carbonate of iron, 219.

Special directions for the crucible assay of

silver ores and substances of the first class,
357.

instructions for the assay of the alloys of
silver and copper, 379.

instructions for the scorification assay of
silver ores of the first class, 365.

Specular iron ore, Elba ore, assay of, 222.

composition of, 222.

crystalline form of, 222.

Square prismatic system, hemihedrism of, 45.

Standard of the normal solution of salt when
the temperature varies, correction of, 403.

Stanniferous sulphuret of copper, composition
of, 266.

, description of, 266.

Starch, 122.

Stones, blue, 478 to 481.

, brown, and flame coloured, 475 to 477.

, colourless, 464, 467, to 470.

, discrimination of, 464.

Stones, colourless, diamond, "discrimination
Of, 464.

Stones possessing a play of colours, antique
emerald, 484.

, (chatoyant) cymophane, 484.

.felspar, nacreous felspar, fish-eye, &c.,
484.

, garnet, 484.

, quartz, 484.

, sapphire, 484.

, comparative table of weights in air and
water, 485.

, composition of, 485.

, crystalline forms of, 479 and 482.

, precious, discrimination of, 464.

, red and rose coloured, 477, 478.

, violet, 481, 482.

, yellow, 471 to 474.

Stone, tin, discrimination of, 220.

Strontia, action of the blow-pipe on, 176.

, sulphate of, celesline, discrimination of,
219.

Sub- chloride of mercury, horn mercury, calo-

mel, discrimination of, 215.

Sublimation, 82.

Sub-oxide of copper, composition of, 250.

Sub oxide of copper, ruuy copper, crystalline
forms of, 250.

, description of, 250.

of lead of the third class, assay of, 297.

Sub-sulphate of copper, descriotion of, 260.

Sugar, 112.

Sulphates, action of the blow-pipe on, 189.

, assay of, 265.

Sulphate of baryta, discrimination of, 219.

cobalt, composition of, 333.

description of, 333.

copper, assay of, 266.

composition of, 260.

description of, 260.

lead, galena, action of blow-pipe on, 195.
discrimination of, 215.

artificial, description of, 297.

native, composition of, 297.

description of, 297.

soda, uses of, 165.

zinc, description of, 323.

Sulphato-carbonate of lead, composition of,297.

description of, 297.

Sulplio-plumbiierous telluret of gold, compo-
sition of, 452.

, description of, 451.

Sulphur, action of the blow-pipe on, 188.

oxide of lead on, 126.

, assay for, 329.

, compounds of, with the metals, 188.

, determination of, in an iron ore, 247.

, discrimination of, 214.

, uses of, 188.

^ulphurets oif

antimony, red and black, action of the blow-

pipe on, 198.

composition of, 310.

description of, 310.

and copper, Bournonite, 194.

arsenic red, realgar, discrimination of, 214.

, yellow, prpiment, discrimination of,2l4.

bismuth, action of the blow-pipe on, 200.

,
discrimination of, 212.

cobalt, action ot the blow-pipe on, 197.

, composition of, 333.

, description of, 333.

, arsenio of, composition of, 334.

description of, 334.

copper, action of the biow-pipe on, 193.

, composition of, 258.

, crystalline forms of, 258.

, description of, 258.

, discrimination of, 211.

, antimonial, composition of, 268.

description of, 268.

, antimony and copper, Bournonite, ac-

tion of the blow-pipe on, 194.
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Sulphurets of

copper, arsenical, composition of, 267.
. . description of, 267.

, bismuthic, composition of, 267.

description of, 267.

,
iron and copper, copper pyrites, action

of the blow-pipe on, 191.

, multiple, grey copper, description of,

267.

, plumbiferous, Bournonite, composition
of, 268.

, description of, 268.

, stanniferous, composition of, 266.

description of, 266.

, tin and copper, tin pyrites, action of
the blow-pipe on, 194.

iron, magnetic pyrites, action of the blow-

pipe on, 196.

,
discrimination of, 212.

lead, galena, action of the blow-pipe on, 195.

composition of, 285.
i crystalline forms of, 284.

description of, 284.

discrimination of, 212.

, antimonial, description of, 285.

, cupriferous, description of, 285.

, fused, from the smelting- house, de-

scription of, 285.

manganese, action of the blow-pipe on, 198.

, discrimination of, 211.

mercury, action of the blow-pipe on, 199.

, cinnabar, description of, 337.
discrimination of, 215.

, amorphous, description of, 338.

, bituminous, 338.

, crystallised, description of, 337.

, fibrous, description of, 338.

, granular, description of, 338.

, lamellar, description of, 338.

, pulverulent, description of, 338.

, pure, composition of, 338.

molybdenum, discrimination of, 214.

nickel, action of the blow-pipe on, 201.

, description of, 336.

, discrimination of, 211.

, antimonic, composition of, 336.

description of, 336.

, arsenio, composition of, 336.

description of, 336.

silver, action of the blow-pipe on, 199.

, composition of, 349.

, crystalline form of, 349.
:

, description of, 349.

,
discrimination of, 210.

, antimonial, dark red silver, description
of, 350.

, ditto, black composition of, 350.

description of, 350.
. red composition of, 350.

description of, 350.

,
arsenical light red silver, composition

of, 351.

description of, 351.

, copper and antimony, composition of,

description of, 351 . [351.

, cupriferous, compostion of, 350.

, lead, and antimony, description of, 351.

bismuth, composition of, 352.

description of, 352.

, tin, discrimination of, 211.

, zinc, blende, black jack, description,
of, 322.

, ditto, discrimination of, 220.

, concretionary, composition of,
323.

description of, 322.

, crystallised, description of, 322.

, lamellar, description of, 322.

Sulphuric acid, uses of, 165.

Sulphurising agents, 139.

Supports for fusions to the blow-pipe, 155.

reductions to the blow-pipe, 155.

Symmetry, laws of, 22.

System, rhombohedric hemihedrism of the, 46.

T.

Table for the assay by the wet method of an
alloy containing any proportions whatever
of silver by the employment of a constant
measur of the normal solution of common
salt, 409.

Table of correction for variations in tempe-
rature of the normal salt solution, 405.

Table for determining the standard of any
silver alloy by employing an amount of

alloy always approximately containing the
same amount of silver, 408.

Tallow, 102.

Tantalum, oxide of, action of the blow-pipe
on, 179.

Telluret of gold, argentiferous, composition
of, 451.

description of, 451.

plumbo-argentiferous com-
position of, 451.

description of, 451.

sulpho-plumbiferous compo-
sition of, 451.

description of, 451.

Tellurets and other mineralised substances
containing gold, 463.

Telluret of silver, composition of, 375.

description of, 375.

Telluriferous and plumbiferous gold, action of
the blow-pipe on, 199.

Tellurium, 126.

, action of oxide of lead on, 126.

, black, discrimination of, 209.

, graphic 209.

, oxide of, action of the blow-pipe on, 179.

Temperature, correction for, 86.

of the normal state of common salt, 398.
Test liquid, normal, preparation of, 237.

, roasting, 80.

Tetrahedron, regular, 45.

Tile ore, ferruginous red oxide of copper, de-

scription of, 250.

Tin, 127.

, action of oxide of lead on, 127. -

, assay of, 299.

containing arsenic, sulphur, and
tungsten (Wolfram), 303.

silica and slags, 302.

-, oxide of, admixed with silica, 302.

, pure oxide of, 300,

concretionary oxide of, wood tin, descrip-
tion of, 300.

crystallised oxide of, 300.

, disseminated oxide of, 300.

, estimation by the humid method, 306.

means of & standard so-

lution, 307.

, humid anaalysis 'of the assay of tin and
iron as obtained in the treatment of silicious

ores and slags, 307.

, ores of, action of the blow-pipe on, 196.

, oxide of, 185-196.

composition of, 300.

description of, 299.

, sandy oxide of, description of, 300.

, stone, discrimination of, 220.

, sulphuret of, discrimination of, 211.

, white cobalt, discrimination of, 209.

, wood, description of, 300.

Tinfoil, uses of, 172.

Tongs, 97.

Topaz, white, crystalline forms of, 468.

, yellow, 471.

Tourmaline, green 482.

, violet 482.

, yellow 471.

crystalline forms of, 469-72.
Treatment of the alcoholic solution in assay of

platinum ores, 346.
of the alkaline solution

poured off from the first black precipitate,
determination of alumina, and remainder of
phosphoric acid, 245.
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Trough, pneumatic, 85.

Tungstic acid, action of the blow-pipe on, 178.

U.

Uranium, oxides of, action of the blow-pipe
on, 181.

V,

Vanning, 64.

, theory of, 65.
Vermeil garnet, crystalline forms of, 473.

,
noble garnet-almandine, 475.

Violet stones, amethyst, 482.

comparative weight in air and
water, 481.

, quartz, 482.

, sapphire, 481.
, tourmaline, 482.

Virgin silver, native silver,' analysis of, 375.
description of, 374.

Vitreous copper, discrimination of, 211.

W.

Washing, 64.

, theory of, 65.
Water bath, forms of, 243.

, in iron ore, determination of, 248.
Wax, yellow, 103.

Weighing, 67.

> the normal solution of common
salt, 385.

Weights, 74.

comparative of, blue stones in air
and water, 480.

, brown and flame coloured ditto, 476.
, colourless ditto, 470.
, green ditto, 483.

, red and rose-coloured ditto.

, stones possessing a play of colours, ditto,
, violet dit o, 481. [485.
, yellow ditto, 474.

gold assay, 75.
silver assay, 74.

White sapphire, 468.

topaz, crystalline forms of, 468.
zircon 467.

Wire, platinum, as a support for the blow-pipe,

, iron, uses of, 172.
Wood tin, concretionary oxide of tin, descrip-

tion of, 300.

Y.

Yellow ore, copper pyrites, composition of, 259.
, description of, 259.

Yellow stones, 471.

, comparative tables of weights in air and
water, 474.

, composition of, 471.

, cymophane, 471.

emerald, crystallised forms of, 472-3.

Yellow quartz. 474.

sapphire, 471.

topaz, 471.

tourmaline, crystalline, 469-472.
zircon, 471.

Z.

Zinc, action of oxide of lead on, 128.
, aluminate of, Gahuite, composition of,

, description of, 315.

, anhydrous carbonate of, calamine, com-
position of, 316.

, anhydrous silicate of, composition of,
321 .

, position of, 321.

, blende, black jack, sulphuret of zinc,
action of the blow-pipe on, 195.

, sulphuret of zinc, discrimina-
tion of, 220.

, concretionary sulphuret of, composition
of, 323.

, do., description of, 322.

, crystallised do. 322.

, determination of the amount of, by the
humid process in ores of the firsc class, 320.

, earthy oxide of, description of, 315.

, Frankiinite, description of, 316.

hydrated carbonate of, composition of,
310.

, hydrated calamine, description of, 316.
silicate of, electric calamine,

composition of, 321.

, do., description of, 321.

, lamellar, sulphuret of, description of,
322.

, manganiferous oxide of, brucite, compo-
sition of, 315.

, do., description of, 315.

ores, action of the blow-pipe on, 195.
of the first class, assay of, 317.

second ,,

'

321.
third 323.
fourth 323.

, carbonate of zinc, action of the blow-
pipe on, 196.

, classification of, 315.

, determination of zinc by means of
standard solutions, 324.

, humid determination of zinc in ores
of the first class, 320.

, do., second class, 322.

, do., fourth class, 324.

, zinc blende, black jack, sulphuret of
zinc, action of the blow-pipe on, 195.

, oxide of, action of the blow-pipe on, 182.

, oxysulphuret of, description of, 323.

, seleniuret of, 323.

, sulphate of, 323.

, sulphuret of blende, blackjack, do., 322.

, diito, discrimination of, 220.

, ditto, uses of, 137.

Zircon, hyacinth, 475.

, white, crystalline forms of, 467.

, yellow, 471.

THE END.
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Stockhardt. Chemical Field Lectures for

Agriculturists. Translated from the Ger-

man, with Notes. 12mo. 1853. 4s.

Teste. A Practical Manual of Animal

Magnetism : containing an Exposition of

the Methods employed in producing the

Magnetic Phenomena, with its Application
to the Treatment and Cure of Diseases.

Translated by C. Spillan. 18mo. 6s.

Thomson. Chemistry of Organic Bodies

Vegetables. By Thomas Thomson, M.D.,
F.R.S. L. & E. 8vo. pp. 1,092. 1838. 1 4s.

Reduced to 12s.

Thomson. Heat and Electricity. 2nd
Edition. 8vo. Illustrated. 15s. Reduced
to Vs. Gel.

Thomson (E. D.) British Annual and

Epitome of the Progress of Science. 3 vols.

1837-38-39. 18mo. each 3s. 6d.

Townshend. Facts in Mesmerism
;
with

Reasons for a Dispassionate Inquiry into it.

8vo. 9s.

Trousseau and Eeveil. The Preserver's

Complete Handbook to the Principles of
the Art of -Prescribing, with a List of
Diseases and their Remedies, a Materia
Medica of the Medicines employed, classi-

fied according to their Natural Families,
with their Properties, Preparations, and
Uses, and a Sketch of Toxicology. Edited

by J. B. Nevins, M.D. 1858. 2nd Edition.

Roan, limp, 6s. 6d.

Turnbull (L.) Electro-Magnetic Tele-

graph ; with an Historical Account. 2nd
Edition. 8vo. with Plates. 1853. 12s.

Unity of Medicine (The), its Corrup-
tions and Divisions as by LAW Established
in England and Wales:" with their Causes,

Effects, and Remedies. By a Fellow of

the Royal College of Surgeons. 8vo. with
a coloured Chart. London, 1858. 7s.

Vogel and Day. The Pathological Ana-

tomy of the Human Body. Translated, with

Additions, by G. E. Day. Illustrated with
100 plain and coloured Engravings. 8vo.

1847. 18s. Reduced to ls.

Waterhouse. A Natural History of the

Mammalia : Marsupiata or Pouched, and of

the Rodentia or Gnawing Animals. 2 vols.

8vo. Coloured Plates, 3 9s.

Plain, 2 18s.

Weisbach (J.) Principles of the Mecha-
nics of Machinery and Engineering. 2

vols. 8vo. illustrated with 1,000 Wood En-

gravings. London, 1848. 1 19s.

Williams (E.) Elements of Medicine :

Morbid Poisons. 2 vols. 8vo. 1836-41.

1 8s. 6d. Reduced

Vol. II. 1841. 18s. Reduced to 8s.

Willis. Illustrations of Cutaneous Di-

seases. A Series of Delineations of Affec-

tions of the Skin in their more frequent

form. 94 col. Plates. Folio. 1841. 8 8s.

Wilmott. Glycerin and Cod Liver Oil;

their History, Introduction, and Thera-

peutic Value. 12i.no. London, 1859. 3s. 6d.

Wilson (Dr., of Malvern.) How to Re-

gain Health and Keep it. Popular Lec-

tures on the Preservation of Health and

Cure of Chronic Disease. No. 1, 8vo.

with Engravings. 1859. Is. 6d.

Yeldam (S.) Homoeopathy in Acute Di-

seases. 8vo. 2nd Edition. 1850. 6s. 6d.
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AMERICAN

SCIENTIFIC PUBLICATIONS.

Mr. C. E. BAILLIERE offers his services to the Profession and the Public for the filling

of orders for American Books.

Having just returned after a residence of fifteen years in New York, during which time

he was engaged exclusively in the Scientific Book business, he is enabled to give full in-

formation relative to American publications ;
and having his own establishment (not an

agency) in New York, he can promise a prompt and faithful execution of all orders en-

trusted to him.

Gentlemen about to Publish in any of the departments of Science, and wishing to find

an American outlet, are requested to communicate with him.

REDUCTION IN THE PRICE OF AMERICAN BOOKS.

Mr. BAILLIERE will be happy to execute orders for American Books at the rate of
4s. 2d. to the Dollar nett Cash.

Adams. Contributions to Conchology.
Vol. I. (all published). 8vo. 12s.

Agassiz, L. Contributions to the Natural

History of the United States. Vols. I. to

IV. 4to. Boston. Each 2 2s.

American (The) Journal of Insanity. Edited

by the Officers of the New York State Lu-
natic Asylum, Utica. 12 vols. 8vo. cloth,
boards. Utica, 1844-56. 7 4s.

American Historical and Literary Curiosi-

ties. Consisting of Fac-similes of Docu-
ments relating to the Revolution, &c. First

and Second Series. 4to. New York. Each
1 12s.

American Association for the Advance-
ment of Science Proceedings of the. Vols.

1 to 13. Philadelphia, 1849 to 1859. 6 10s.

American Journal of Dental Science. New
Series. Vols. II.-IX. Neat half calf. 8vo.

Very scarce. Philadelphia, 1851-59. 9.

American Journal of Conchology. Pub-
lished in Quarterly Numbers of about 100

pages each. With Notes. Conducted by
G. VV. Tryon. New York, 1865.

American Medical Times (The). Edited
by S. Smith. 1860 to 1864. 8 vols. 4to.
in cloth, boards. New York. 2 2s.

Australia. A Complete Description of the
whole of the Colony of Victoria. With new
Map. The most recent and accurate infor-
mation as to every Township, Village, and
Hamlet; every River, Creek, Mountain,
Lake, Goldfield, Road, and Railway in Vic-
toria; with its Botanical, Geological, and
Physical features ; the division of the Colony
into Counties, Ridings, and Electoral, Police,
Squatting, Mining, and Municipal Districts

;

the Names, Areas, Occupiers' Position near-
est Post Town, and grazing capabilities of
all the Squatting Stations, and the best
means of reaching them. 8vo. pp. 442.
cloth. 1 Is.

Baird. Mammals of North America, De-
scriptions of Species, based chiefly on col-
lections of the Museum of Smithsonian In-
stitution. 4to. 764 pages, and 87 Plates.

Philadelphia, 1859. 4 4s.

Barton. The Cause and Prevention of
Yellow Fever at New Orleans and other
Cities in America. 3rd Edition. 8vo. with
Maps. New York, 1857. 7s. 6d.
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H. BAILLIERE'S LIST OF LATE AMERICAN BOOKS.

Transactions of the Medical Society of

the State of New York. 8vo. 1832 to

1860 ;
and 1 vol. of Addresses, 1817 to 1831,

in all 20 vols. half-bound in 11. Albany,
1833-61. 8 8s.

Transactions of the American Medical
Association. Vols. I. XIII. 8vo. with
Plates. Philadelphia.

Tryon. Synonymy of the species of Strepo-
matidaj (Melanians) of the United States ;

with descriptions of Land, Fresh Water,
and Marine Mollusca. 8vo. New York. 8s.

%* See American Journal of Conchology.

Tryon. List of American "Writers on Re-
cent Conchology, with the Titles of their

Memoirs, and Dates of Publication. 8vo.

New York, 1861. 5s.

Tuomey and Holmes. The Post-Pleiocene

Fossils of South Carolina. 4to. Text and
Plates. Charleston, 1858. 4 4s.

Tuomey and Holmes. Fossils of South
Carolina. 4to. Text and Plates. Charles-

ton, 1856. 6 6s.

United States Pharmacopeia ;
Fourth

Decennial Revision. 12mo. 1864. 6s.

Victorian Gazetteer and Road Guide,
containing the most Recent and Accurate
Information as to every Place in the Colony ;

with a Map. Compiled by Robt. Whit-
worth. 8vo. Melbourne, 1865. 1 Is.

Wood and Bache. The Dispensatory of

the United States of America. 12th Edition.

8vo. Philadelphia, 1865. L 16s.

Wood. Therapeutics and Pharmocology,
or Materia Medica. 2 vols. 8vo. Phila-

delphia, 1857. 2.

Wood. Treatise on the Practice of Medi-
cine. 4th Edition. 2 vols. 8vo. Philadel-

phia, 1855. 2.

Woodward. Outlines of the Camp Diseases
of the U. S. A. 8vo. 1863. 10s.

Wynne (J.) Report on the Vital Statistics

of the United States. 1 vol. 4to. (not
printed for sale). New York, 1857. 2 10s.

Wynne. Private Libraries of New York.
8vo. New York, 1860. 1.

BIBLIOTHEQUE DE PHILOSOPHIE CONTEMPOKAINE
Volumes in-18 & 2s.

H. TAINE
H. TAINE
PAUL JANET .

ODYSSE-BAROT .

ALAUX ....
AD. FRANCK .

AD. FRANCK .

EMILE SAISSET .

EMILE SAISSET .

CHARLES LEVEQUE .

AUGUSTS LAUGEL
CHALLEMEL LACOUR .

CHARLES DE REMUSAT
ALBERT LEMOINE
MILSAND.
A. VERA . . .

'

.

BEAUSSIRE .

BOST

para*.

Le Positivisme anglais, ^tude sur Stuart Mill.

L'Idealisme anglais, etude sur Carlyle.
Le Mat6rialisme contemporain. Examen du systeme du

docteur Biichner.

Philosophie de 1'histoire.

La philosophic de M. Cousin.

Philosophie du droit penal.

Philosophie du
x
droit ecclesiastique : des rapports de la reli-

gion et de 1'Etat.

L'Ame et la vie, suivi d'une etude sur l'Esthtique franchise.

Critique et histoire de la philosophie (fragments et discours).
Le Spiritualisme dans 1'art.

Les Problems de la nature.

La Philosophie individualiste, tude sur Guillaume de
Humboldt.

Philosophie religieuse.
Le Vitalisme et 1'animisme de StahL

L'Esthetique anglaise, etude sur John Ruskin.
Essais de philosophie hegelienne.
Origines fran^aises

du pantheisme allemand.
Le Protestantisme liberal.
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. H. BAILLIEKE'S LIST OF LATE FRENCH PUBLICATIONS.

FRENCH

SCIENTIFIC PUBLICATIONS.

REDUCTION IN THE PRICE OF FRENCH BOOKS.

Mr. BAILLIEKE will be happy to execute orders for French Books at lOd. to the Franc
nett Cash.

Abeille. Traite des Maladies a Urines Al-

bumineuses et Sucrees. 1863. 8vo., avec
une planche et figures. 6s. 6d.

Anger (B.) Traite Iconographique des

Maladies Chirurgicales. Precede d'une In-

troduction par M. Velpeau. Premiere Mo-
nographie. Luxations et Fractures. Avec
8 planches coloriees. 4to. Livr. 1, 2, 3. Paris

1865. Each 10s.

Annales d'Hygiene Publique et de Medi-
cine. Premiere serie, collection complete

(1829 a 1853), dont il neresteque peu d'ex-

emplaires, 50 vols. in-8, avec figures et

planches et tables alphabe'tiques des 50

vols. 15. La 2e se'rie commence avec

1854 & 1865. Prix de chaque annee
14s.

Axenfeld Des Nevroses. Fol. 1864. 6s.

Barth et Eoger.
cultation. 7e d

Traite Pratique d'Aus-
. 18ino. 1865. 6s. 6d.

Bazin. Le9ons sur la Scrofule. 8vo. 2e

<dit. 1861. 6s. 6d.

Bazin. Lemons Thoriques et Cliniques sur

les Affections Cutanees Parasitaires. 2e

edit. 8vo., orne de 5 pi. 1862. 4s.

Bazin. Le9ons Theoriques et Cliniques sur

les Syphilides. 1859. 8vo. 3s. 6d.

Bazin. Le9ons Theoriques et Cliniques sur

les Affections Cutane'es de Nature Arthri-

tique et Dartreuse. 1860. 8vo. 4s.

Bazin. Le9ons Theoriques et Cliniques sur

les Affections Cutane'es Artificielles et sur la

Lepre, les Diatheses, le Purpura, les Diffor-

mites de la Peau etc. 1862. 8vo. 5s.

Bazin. Leons sur les Affections Gen6-

riques de la Peau. 1862. 8vo. 4s.

Beclard Elements d'Anatomie Grenerale.

4e e'dit. 8vo. 1865. 8s. 6d.

Beclard. Traite Elementaire de Physio-
logic. 5e edit. 8vo. 1865. 12s. 6d.

Belot (C.) La Fievre Jaune a la Havane,
sa Nature et Traitement. 8vo. 1865. 3s.

Beraud (B. J.) Atlas Complet d'Anatomic

Chirurgicale Topographique, pouvant servir

de complement a tous les ouvrages d'anato-
mie chirurgicale, compose d'environ 100

planches representant plus de 200 figures
dessine'es d'apres nature, par M. Bion.

Figures noires, 2. 10s. Col. 5.

Bernard (C.) Introduction a 1'Etude dela
Me'decine Expe'rimentale. 8vo. Paris, 1805.

6s.

Bernard (Cl.) Le9ons sur les Proprietes
des Tissus Vivants. 8vo., illustre. 1865.

6s. 6d.

Bossu. Nouveau Compendium Medical a

1'usage des Medecins-praticieus. 1862. 3e
edit. 18mo. 6s.

Bouchardat. Manuel de Matiere Medicale,
de The'rapeutique Comparee et de Phar-
macie. 1864. 2 vol. 18mo. 4e edit. 12s.

Bouchardat Le Travail, son Influence sur

la Sante. 1863. 1 vol. 18mo. 2s.

Bourguignon et Sandras. Traite Pratique
des Maladies Nerveuses. 2eedit. I860-
1863. 2 vol. 8vo. 10s.

Briand et Chaud>. Manuel Complet de
Medecine Legale, et contenant un Traite' de

Chimie Le'gale, par H. GAULTIEU DE
CLAUBRY. 7e edit. 1864. 8vo., avec 3 pi.

gravees et 64 fig. 10s.

Brierre de Boismont. Des Hallucinations.

8vo. 3e edit. Paris, 1862. fis.

Brierre de Boismont. Du Suicide etde la

Folie Suicide. 2e edit. Paris, 1864. 6s.
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Casper. Traite Pratique de Medicine Le-

gale, traduit de 1'allemand sous les yeux de

1'auteur, par M. Gustave Germer Bail-

Here. 1862. 2 vol. 8vo. 12s.

Atlas color-id se vendant separement 103.

Chauffard. Principes de Pathologic Gene-
rale. 8ro. Paris, 1862. 7s. 6d.

Charpentier. Des Accidents Febriles qui
surviennent chez les Nouvelles Accouche'es.
8vo. Paris, 1863. 3s.

Chenu. Manuel de Conchyliologie et de

Pale'ontologie Conchyliologique. 1862. 2
vol. 4to., avec 4943 figures dans le texte,
dont les principales colorie'es. L 7s.

Churchill (J. F.) De la Cause Immediate
de la Phthisie Pulmonaire et des Maladies
Tuberculeuses et de leur Traitement spe'ci-

fique par les Hypophosphites. 2e edit. Paris,
1864. 8vo. 15s.

Clemenceau. De la Generation des Ele-
ments Anatomiques. 8vo. Paris, 1865. 3s. 6d.

Comte (A.) Cours de Philosophie Positive.
2e edit. Revue par E. Littr 6 vols. 8vo.

Paris, 1864. 1 17s. 6d.

Cruveilhier. Traite d'Anatomie Descrip-
tive. Vol. 1, 8vo. 1865. 12s. 6d.

Cruveilhier. Trait6 d'Anatomie Patholo-

gique Generale. Vol. v. 8vo. Completing
the Work. Paris, 1864. 6s.

Cullerier Precis Iconographique des Ma-
ladies Veneriennes. Liv. 1 a 8. 18mo. Paris,
1861-5. Chaque livraison 4s. 6d.

Davaine. Traite des Entozoaires et des
Maladies Vermineuses de I'Homme et des
Animaux Domestiques. 1860. 8vo., avec
88 fig. 10s.

Deshayes. Description des Animaux sans
Vertebres decouverts dans le Bassin de Paris.

4to., avec planches. 48 livr. parus. Paris,
1863-5. Chaque 5s.

Dictionnaire Encyclopedique des Sciences

Medicales. Public sous la Direction par
MM. Raige-Delorme et A. Dechambre.

Ijouvrage sera publie en 25 vols. 8vo. avec Jig.
3 vols. sont en rente. Chaque vol. 10s.

Dictionnaire de Medicine, de Chirurgie, de

Pharmacie, des Sciences Accessoires et de
1'Art Ve'te'rinaire. Par Nysten. 12e edit,

par Littre. Grand 8vo. demi-rel. Paris,
1865. 1.

Dictionnaire (Nouveau) de Medicine, et

de Chirurgie Pratique, illustrd de figures
intercalees dans le texte, par une Socieie de

Medecins et Chirurgiens de Paris. Public
en 15 vols. Paris, 1865. L'ouvrage parait

par vol. tous les trois mois. 3 vols. sont en
vente. Chaque 8s. 6d.

Donders. L'Astigmatisme et les Verres

Cylindriques. 1862. 8vo. 4s.

Edwards (Milne.) Lemons
de Physiologie

et d'Anatomie comparee de I'Homme et des
Animaux. 8 vols. 8vo. Paris. 3.

L'ouvrage aura 10 vols.

Eliphas (Levi). Dogme et Eituel de la

haute Magie. 1861. 2e edit. 2 vol. 8vo.,
avec 24 fig. 15s.

Eliphas (Levi). Histoire de la Magie.
I860. 1 vol. 8vo., avec 90 fig. 10s.

Eliphas (Levi). La Clef des Grands Mys-
teres. 1861. 1 vol. 8vo., avec 22 pi. 10s.

Eliphas (Levi). Philosophie Occulte.
Fables et Symboles. 8vo. 1863. 6s.

Eliphas (Levi). Science des Esprits. 8vo.
1865. 6s.

Falret. Des Maladies Mentales et des
Asiles d'Alienes. Lecons Cliniques et Con-
siderations Generales. 8vo. Paris, 1864. 12s.

Follin. Le9ons sur les Principales Me-
thodes d'Exploration de 1'CEil Malade et en

principal sur 1'Application de 1'Ophthal-
moscope. 8vo., illustrated. 1863. 6s.

Frerichs. Traite Pratique des Maladies du
Foie. 1862. 8vo., avec 80 fig. 9s.

Gamier. Dictionnaire Annuel des Pro-

gres des Sciences et Institutions Medicales.
12mo. Paris, 1865. 4s.

Goldfuss (A.) Petrifacta Germanise Iconi-

bus et Descriptionibus Illustrata. 2e edit.

4to. Texte et Atlas de 199 planches, fol.

Leips., 1862. 7 10s.

Gosselin. Le9ons sur les Hernies Abdo-
minales faites a la Faculte. 8vo., fig. Paris,
1865. 6s.

Griesinger (W.) Traite des Maladies
Mentales Pathologique et The'rapeutique,
traduit par Doumie. 8vo. Paris, 1865. 7s. 6d.

Grisolle. Traite de Pathologie Interne.

9e ddit. 1865. 2 vol. grand 8vo. 15s.

Grisolle. Trait6 de la Pneumonie. 2e
<Mit. 8vo. Paris, 1864. 7s. 6d.

Guardia. La Medecine a travers les Sie-

cles. Histoire et Philosophie. 8vo. Paris,
1865. 8s. 6d.

Guerin. Legons Cliniques sur les Maladies
des Organes Ge'nitaux Externes de la Feinme
8vo. 1864. 6s.

Gnersent. Notices sur la Chirurgie des En-
fants. 4 parts. 8vo. Paris, 1865. 4s.

Hardy. Le9ons sur les Maladies de la

Peau. 4 vols. 8vo. Paris, 1863 a 1865. 16s.
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Houel. Manuel d'Anatomie Pathologique
Ge'ne'rale et Appliquee. 2e edition. 1862.

18mo. 6s.

Hugueir (P. C.) De rHysterometrie et du
Cathe'terisme Uterin. 8vo., avec 4 planches.
Paris, 1865. 5s.

Husson. Etude sur les Hopitaux consi-

dere's sous le rapport de la construction, cle

la distribution de leurs batiments, de

Fameublement, de 1'hvgiene et du service des

malades. Paris, 1863. 4to., avec 24 pi.,

tableaux et figures. 1.

Jaccoud. Les Paraplegies et 1'Ataxie du
Mouvement. 8vo. Paris, 1865. 7s. 6d.

Jamain. Nouveau Traite Elementaire
d'Anatomie Descriptive et de Preparations

Anatomiques, suivi d'un Precis d'Embi'yo-

logie, par M. Verneuil. 2e edition. 1861.

18mo., avec 200 fig. 10s.

Jamain. Manuel de Petite Chirurgie. 1860.

3e edition. 1 vol. 18mo., avec 307 fig. 6s.

Jobert (de Lamballe.) De la Eeunion en

Chirurgie. 8vo., avec 7 planches colorie'es.

Paris, 1864. 10s.

Lebert. Traite d'Anatomie Pathologique
Ge'ne'rale et Speciale, ou Description et

Iconographie Pathologique des Affections

Morbides, tant liquides que solides, obser-

vees dans le corps humain. Ouvrage compbt,

Paris, 18551861. 2 vol. in-fol. de texte,

et 2 vol. in-fol. comprenant 200 planches
dessinees d'apres nature, gravees et colorie'es,

25.

Legouest. Trait6 de Chirurgie d'Armee.
1863. 8vo., avec 128 figures. 10s.

Les Arts Somptuaires. Histoire du Cos-

tume et de I'Ameublement, et des Arts et

Industries qui s'y rattachent. 2 vol. de

planches colorie'es et 2 de texte, 4to. Demi-

maroquin. Paris, 1858. 18 18s.

le"vy. Traite d'Hygiene Publique et

Privee. 4e edition. 1862. 2vol. 8vo. 15s.

Liebreich (K.) Atlas d'Ophthalmoscopie,

repre'sentant 1'e'tat normal et les modifica-

tions pathologiques du fond de 1'oeil visibles

a 1'ophthalmoscope ; compose de 1 2 planches

repre'sentant 57 figures tirees en chromo-

lithographic accompagne'es d'un texte ex-

plicatif. In-folio. 2.

Luys. Recherches sur le Systeme Nerveux

Ce'rebro-spinal, sa Structure, ses Fonctions

et ses Maladies. 8vo., avec atlas de 40

planches. 4to. Fig. noires 1 10s. Coloriees

3.

Maire. Nouveou Guide des de Meres
Famille. 8vo. 2nd e'dition. Paris, 1865. 4s.6d.

Malgaigne. Manuel de Medecine Opera-
toire. 7e edition. 1861. I8mo. 6s.

Mandl. Anatomie Microseopique. Paris,
1838-1857, ouvrage complet. 2 vols. in-folio,
avec 92 planches. 13.

Martin et Collineau. De la Coxalgie, de
sa Nature, de son Traitement. 8vo., avec 30

fig. Paris, 1865. 6s.

Maunoury et Salmon. Manuel de 1'Art

des Accouchements. 1861. 2e e'dition. 8vo.
avec 32 fig. 6s.

Meniere. Les Consultations de Madame de

SeVigne'. 8vo. Paris, 1864. 2s. 6d.

Meunier. La Science et les Savants en
1864-65. 2 vols. 12mo. Paris, 1865. 6s.

"Siemayer. Traitede Pathologie Interne et

de Therapeutique. Vol. 1. 8vo. 1865. 7s. 6d.

Nysten. Dictionnaire de Medecine, de

Chirurgie, de Pharmacie, des Sciences ac-

cessoires et de 1'Art Vete'rinaire. 12e e'di-

tion. Ouvrage contenant la synonymie
grecque, latine, anglaise, allemande, ita-

lienne et espagnole, et le Glossaire de ces

diverses langues. 1864. Grand 8vo., avec

plus de 500 figures intercale'es dans le texte.

Demi-relie 1.

Peclet (E.) Traite de la Chaleur consi-

de're'e dans ses Applications. 3e edition.

Paris, 1860-61. 3 vol. grand 8vo. 1 16s.

Eacle. Traite de Diagnostic Medical, ou
Guide Clinique pour 1'Etude des Signes ca-

racteristiques des Maladies. 3e e'dition.

1864. 1 vol. 18mo., avec 17 fig. 5s.

Sequin. Elements de Pathologie Medi-
cale. Vol. 5, 8vo.

Eevue des Conrs Litteraires. Littera-

ture. Physiologic. The'ologie. Elo-

quence. Histoire. Legislation. Estbe-

tique. Archeologie.

Eevue des Cours Scientifiques. Physique.
Chimie. Botanique. Zoologie. Ana-

tomie. Physiologic. Geologic. Pale-

ontologie. Me'decine.

Directeur, M. Eug. Yung ;
chef de la re-

daction, M. Em. Alglave.

Ces deux journaux reproduisent les cours

des Facultes de Paris, des departements et

de 1'etranger, et paraissent tous les samedis

depuis le 5 de'cembre 1863. On peuts'abon-
ner separe'ment a la partie litteraire ou 5,

la partie scientifique.

Prix de chaque journal isolement, 15s.

par an.; prix des deux journax re'unis,

26s. par an.

Subscriptions commence on 1st December
and 1st June.

Kicord. Lettres sur la Syphilis. 3e edi-

tion. 18mo. 3s. 6d.
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Robert. Nouveau Traite" sur les Maladies

Veneriennes. 1861. 8vo. 7s. 6d.

Robin (Ch.) Programme du Cours d'His-

tologie professe a la Faculte de Medecine.

Paris, 1864. 4s.

Rollet. Kecherches Cliniques et Experi-
mentales sur la Syphilis. 1861. 1 vol. 8vo.,
avec atlas de 20 figures, dont 10 colorie'es.

12s.

Rollet (F.) Traite" des Maladies Ve"neri-

ennes. Vol. 1. 8vo. Paris, 1865. 6s. 6d.

Rose (H.) Trait^ Complet de Chimie Ana-

lytique ;
e'dition fran9aise originale. Paris,

1859-1862. 2 vol. grand 8vo. 1.

Saurel. Traite de Chirurgie Navale, sum
d'un Re'sume de lemons sur le Service

Chirurgical de la Flotte, par le docteur J.

Rochard. Paris, 1861. 8vo., avec 106 fig.
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A PRACTICAL TREATISE ON COAL, PETROLEUM, AND OTHER
DISTILLED OILS.

By ABRAHAM GESKER, M.D., F.G.S.

Second Edition, Eevised and Enlarged. By GEORGE WELTDEN GESNER,
Consulting Chemist and Engineer.

THE ANATOMY OF THE EXTERNAL FORM OF THE HORSE.

"With Explanations by JAMES I. LTJPTON, M.E.C.V.S.

The Plates by Bagg and Stanton. Part I. containing 9 Plates and Explanations. Large
Folio. Price, plain, 1 11s. 6d.

;
on India Paper, 2 5s. Part II., with 4 Plates (2

of which, the Leg and Mouth, are coloured). Plates Plain, 14s
; coloured, 1.
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Text, giving the Study of the External Form of the Horse, and the Physiology of

Locomotion.
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With 530 Woodcuts and Two Coloured Engravings. 8vo. 18s.
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Vol. I., Parts 3 and 4, in 2 vols. 8vo., contain The ALKALIES and ACIDS. With numero-
Illustrations on Wood. 1863. 2 14s.
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PART V. IN THE PRESS.
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Illustrations. 1 Is.
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MILK, SUGAR. With numerous Illustrations and Coloured Plates. 1 2s.

QUEKETT'S (JOHN) PRACTICAL TREATISE on the USE c

the MICROSCOPE. Third^Edition, with 11 Steel and numerous Wood Engravings. 8vo. 1 ]
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FATPS ANATOMY of the EXTERNAL FORMS of MAN. F
Artists. Edited by R. Kxox, M.D. 8vo. and an Atlas of 28 Plates, 4to. Plain, 1 4s. ; Coloured, 2 :

GRAHAM'S ELEMENTS of CHEMISTRY, including the APPLICATION
of the SCIENCE in the ARTS. Second Edition, with numerous Woodcuts. 2 vols. 8vo. 2. Vol. '.

separately. Edited by H. WATTS, Esq. 1.

NICHOLAS ARCHITECTURE of the HEAVENS. Ninth Editic
8vo. with 23 Steel Plates and many Woodcuts. 1851. 16s.

MITCHELL'S (J.) MANUAL of PRACTICAL ASSAYING. F
the Use of Metallurgists, Captains of Mines, and Assayers in General. Second Edition, much enlargi
with Illustrations, &<x 8vo. 1 Is.

BERKELEY'S (Rev. J.) INTRODUCTION to CRYPTOGAMI
BOTANY. Illustrated with numerous Wood Engravings. 8vo. 1857. 1.

ANATOMY of the EXTERNAL FORM of the HORSE. Wi
Explanations by J. I. LUPTOX, M.R.C.V.S., and Plates by BAGG and STANTON. This Work will

completed in Three Parts, consisting of 18 to 20 Plates, with Explanations, and One Volume of Octf

Text, giving the Study of the External Form of the Horse and the Physiology of Locomotion. Part

with Nine Plates and Explanations. Large folio. Price, plain, 1 lls. 6d. ;
on India Paper, 2

Part II. with Four Plates (Two of which, the Leg and Mouth, are coloured). Plain, 15s. ; Coloured,

*** The last Part of this important Work will be published in the course of 1863, with the volu

(8vo.) of Text.

GANOT. ELEMENTARY TREATISE ON PHYSICS,
EXPERIMENTAL AND APPLIED.

Translated on the Ninth Original Edition by Dr. Atkinson, of the Royal Military College, Sandhurst. W
600 Illustrations. Post 8vo. 1862. 12s. 6d.

(Adapted for the use of Colleges and Schools.)
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