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EXTRACTS FROM THE

PREFACE TO THE THIRD EDITION.

IN Tis EpITION are incorporated all the late impoitant
discoveries in Assaying made in this country and abroad,
and special care is devoted to the very important Volumetric
and Colorimetric Assays, as well as to the Blowpipe assays.
Most of the chapters are entirely rewritten, whilst the
chapter on Crystallography—being a subject only remotely
bearing on Assaying—is left out altogether. On the
other hand, in some cases, it may seem that by treating
of purely analytical details the limits of Assaying have
been exceeded. But these departments are so closely
related as to make it impossible to fix the line of demar-
cation between them. Moreover, chemistry is cultivated
by almost all to whom this work is of interest or service
so that it is hoped these amplifications will add to its value
The old equivalents are retained, as they are more generally
understood by students of science who do not make
chemistry their chief study.

The Editor is under many obligations to his friend Dr.
Réhrig, M.E., for assistance in revising the manuscript and
incorporating into the work the latest continental improve-
ments, as set forth in Professor Kerl's Probirkunst. The
author of the best work on volumetric analysis which has






PREFACE

TO

THE FIRST 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 elucidation of the processes to be employed in ascer-
taining 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 ¢ Traité des Essais par la Voie
Séche,” which, for the mere purpose.of inculcating 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 buying scientific works in that
language on-account of the difficulties of finding equivalents
for the technicalities which must necessarily be employed.
It is also a very large work, and one containing much
matter which the assayer does not need—matter relat-
ing to the composition of wood and coal ashes, furnace
products, &c., which are more especially adapted for the
metallurgist.
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These considerations, coupled with the paucity of any
knowledge of Assaying, excepting that confined to a very
limited number of persons, induced the author of the follow-
ing pages to turn a considerable amount of his attention to
this subject, more especially as much difficulty was ex-
perienced 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 consistent 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 accomplished ; 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 rewrite, has been inserted.
Firstly, the Mechanical and Chemical Operations of Assaying
are treated in full, inclusive of a description of the appa-
ratus 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 Blowpipe, and all its appurtenances ; as
Fluxes, Supports, &c.  Fifthly, the action of the Fluxes on
some Mineral Substances. ~ Sixthly, a method of discrimi-
nating many Minerals by means of the Blowpipe, 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
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notice of the Assayer.) Eighthly, the complete Assay of
all the common 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 chemical action taking place between the fluxes and the
ores in course of assay, so that by paying a careful attention
to the matters discussed, so much of the chemical nature of
all ores that can come under the assayer’s 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 pursuethe 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 perfect success.

Having premised thus much, the author must beg to
express his thanks to his friend Mr. F. Field for the kind
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assistance he 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 unfor-
tunately 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 to Berthier’s ¢Traité des
Essais,” for which, to the talented writer of the above
work, he is under the most lasting obligation. '
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2 . CHEMICAL NOMENCLATURE.

to certain chemical operations, it will be found to consist
of two substances, both physically and chemically distinct
from each other and from the original substance. One
body is sulphur, an opaque yellow substance, fusing at a
very low temperature, igniting readily, and burning with
a peculiar suffocating odour. The other constituent is iron,
a well-known metallic substance, requiring an intense heat
for fusion, and not burning at a red heat. If we perform
any experiment which, in the present state of knowledge,
ingenuity could suggest, we are totally unable to cause
either the sulphur or the iron to assume a more simple or
elementary state of existence. We can with ease cause
cither of them to enter into new combinations with other
bodies, and these compounds we can decompose—asin the
case of the pyrites—and obtain both sulphur and iron again
in their separate forms with all their characteristic proper-
ties ; but nothing more than this can be effected : hence
we are led to the belief that both sulphur and iron are
elements, or bodies containing only one kind of matter.

The following table shows the elements discovered up
to the present time. Those substances whose names are
printed in italics have hitherto found no practical use;
and those marked with an asterisk (*) are often found
native, or unassociated with mineralising elements.

Non-metallic Elements or Metalloids.

Nmaotite | ey | Jome | Samesotthe | g | seme
Oxygen . . () 16 Selentum ., . Se 796
Hydrogen H 1 Tellurium. 3 Te 128
Nitrogen . N 14 Phosphorus . P 31
Fluorine . : Fl 19 Arsenic . 5 As 75
Chlorine . 3 Cl 365 |[*Carbon . : C 12
Bromine . . Br 80 Boron Ll 11
Todine . ’ I 127 Silicium . 2 Si 286
*Sulphur . ’ S 32 Zircontum 3 Zr A0




CHEMICAL NOMENCLATURE, ]

Metallic Elements.
- q | N 2,
Symotive | gy | gome | Nepectte | s | plmio
|
f
Potassium . K 391 | Cobalt . . Co 588
Sodium . .| Na 23 | Nickel . .| Ni 588
, Lithium . . Li 7 Zine. 3 . Zn 65
Cexesium . . Cs 133 Cadmium . . Cd 112
Rubidium . Rb 854 |*Copper . c Cu 635
Barium . c Ba 137 | Lead g 5 Pb 207
Strontium . Sr 875 Thallium . . Tl 204
| Caleium . . Ca 40 | Indium . . In 74
Magnesium . Mg 24 *Bismuth *. . Bi 208
Aluminium . | Al 275 ||Tin. . .| Sn 118
I Glucinum. . Be 14 Titanium . . Ti 50
| Certum . o Ce 92 Tungsten . 0w 184
| Lanthanum . La 92 Molybdenum . Mo 92
Didymium .| Di 96 Vanadium c v 51-2
\ Yitrium . S 4 68 | Antimony. . Sb 122
| Brbtum . . Er *Mercury . . Hg 200
| Terbium . . Tr *Silver . 0 Ag 108
l Niobtum . Nb 976 | *Rhodium . .1 Rh 104
Tantalum . Ta 137-6 | *Palladium . Pd 1065
| Thorium . . Th 2315 |*Platinum. . Pt 1974
Manganese . Mn 55 *Iridium 5 Ir 198
Chromium . Cr 525 | *Ruthenium 3 Ru 104
Uranium . . U 120 *Osmium . Os 199
Iron. . . Fe 56 {*Gold 5 . Au 197

The first column contains the name of the element ;
the second, the symbol, in which all chemical changes and
decompositions are most readily understood ; and the third,
the atomic weight. These atomic weights are not given
beyond the first place of decimals, to avoid tedious calcu-
lation ; for all practical purposes they may be considered
accurate. Of the compounds of these elements, only those
will be discussed which are likely to fall under the notice
of the assayer.

The principal compound bodies with which the assayer
will have to deal are acids, oxides, salts, and binary sub-
stances containing no oxygen.

When a body combines in more than one proportion
with oxygen, that compound containing the least oxygen
takes the termination ous, that containing the most zc: thus,
sulphurous acid, sulphuric acid ; arsenious acid, arsenic
acid ; ferrous oxide, ferric oxide ; mercurous oxide, mercuric

B 2
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oxide ; in only one proportion (or when they form only
one basic oxide) they are distinguished by the termination
ic, as potassic oxide, aluminic oxide. :

OxipEs are binary oxygen compounds: they may be
divided into three series. The first series comprises those
oxides which do not possess the property of combining with
acids to form salts—they are termed indifferent ozides ;
the second contains those capable of uniting with acids
to form salts, and called salifiable oxides or bases; the
third comprises those oxides which have acid characters,
and form salts by uniting with bases.

When an elementary body combining with oxygen
forms but one oxide, it is simply called the oxide of the
element. Thus we say zinc oxide, or zincic oxide.

If the body is capable of combining with oxygen in
many proportions, the words proto-, sesqui-, bin-, or per-,
&c., precede the term oxide, to express the progressive
amounts of oxygen. Most metals form one salifiable
oxide, and many of them have two ; these are now gener-
ally distinguished by the terminations ous and ¢, in the
same manner as are the acids. Thus we have protoxide of
lead, iron, copper, tin, &c. ; sesquiozide of aluminium, iron,
or chromium, &ec.; binozide or peroxide of manganese,
copper, mercury, &c. ; and when we speak of them as sali-
fiable bases, ferrous oxide, and ferric oxide ; mercurous
and mercuric oxide ; potassic oxide ; aluminic oxide. Some
metals unite with oxygen in still higher proportions; these
compounds are almost always acids, such as chromic acid,
stannic acid, antimonic acid, &c.

Sarts are formed when an acid unites with a base, and
usually the properties of the acid and the base are recipro-
cally neutralised ; thus an acid which before combination
possesses the power of reddening blue litmus, loses it on
combining with the base, and, in like manner, a base which
would at first change reddened litmus paper to blue loses
this property as the acid saturates it. In this case the
acid and base have combined to form a salt.

The names of salts are governed first by the nature of
the acid ; secondly, by the salifiable nature of the base;
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and, thirdly, by the proportions in which the acid and base
are combined. Acids terminating in ¢¢ form salts ending
in ate. Acids terminating in ous form salts terminating in
ite; and the new names having these terminations are
added to the name of the oxide. Thus sulphuric acid
and iron protoxide form sulphate of iron protoxide,
ferrous sulphate, or, more commonly, protosulphate of
iron; arsenious acid and iron protoxide form arsenite of
iron protoxide, ferrous arsenite, or protarsenite of iron;
nitric acid and iron sesquioxide form nitrate of iron ses-
quioxide or ferric nitrate.

When the salt exists in the neutral state its name is
formed as above, but if the proportion of acid is greater
than in neutral salts, it is termed an acid salt: thus
bisulphate of potassium is sometimes called acid sulphate
of potassium. If, on the other hand, the base is in excess,
the name is preceded by the words sub or basic: thus,
subacetate of lead or basic-acetate of lead.

Binary compounds containing no oxygen exist very
largely in nature, and it is from them that the greater
part of our copper, lead, silver, &c., is obtained.

When a non-metal combines with a metal to form a
compound which is neither acid nor basic, its name is
derived from the non-metal by the addition of the termi-
nation uret or ide. The latter term is, however, gradually
displacing the former, and is now seldom employed except
in the case of sulphur compounds, and in these one term
is as often used as the other. Thus the compounds of
sulphur with iron and chlorine with silver are respec-
tively called sulphuret or sulphide of iron, and chloride of
silver.

If a non-metal combines with a metal in more than
one proportion, the same rule is followed as with the
oxygen compounds : thus we haveiron proto-sulphide, iron
sesqui-sulphide, and iron bi-sulphide (ordinary iron pyrites
or mundic).

Laws of Combination.—On examining the compounds
which the same substances afford by their wunion In
different proportions, it has been noticed that the pro-
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portions of the elements existing in each compound are
definite ; a certain weight of one substance will only com-
bine with a certain weight of another substance, and the
lowest combining weight of any of the elementary bodies
is termed its atomic weight, and is represented by the
numbers in the third column of the table of elementary
substances. ‘ "

As before stated, all substances combine in fixed or
definite proportions ; thus, if 223 parts of oxide of lead are
analysed, they will be found to conmsist of 207 parts of
lead and 16 of oxygen. Again, the analysis of 18 parts of
water or oxide of hydrogen would give 2 parts of hydro-
gen and 16 of oxygen ; now, taking hydrogen as unity, we
have 207 as the equivalent of lead, and 16 as that of
oxygen. If we follow oxygen further in its combinations,
it will be seen that—

16 parts of oxygen combine with 1 part of hydrogen.

i) ” ’ ’9 207 .9 lea.d.

) 1) 99 9 40 9 calcium.
2 29 ” 'Y} 118 99 tin.

» 9 » » 635 ,, copper.

The above numbers, therefore, represent the equivalents
of the respective elements.

Again, the equivalent of sulphur is 32, and this
represents the weight of sulphur which will combine with
the above weights of hydrogen, lead, calcium, tin, or
copper to form sulphides of the respective bases. 355
parts of chlorine, or 795 parts of selenium, also combine
with the same weights, viz. hydrogen 1, lead 207, &c.,
to form chlorides and selenides.

Compounds like these are of the simplest class, and
consist of single equivalents only ; there are, however,
many compounds containing more than two equivalents,
in which case the following laws are followed.

In one class of compounds the quantity of one of the
constituent elements remains constant, while each new
compound is formed by the successive addition of another
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atom of the other constituent element; and it must also
be borne in mind that no element will combine with an-
other in less than its atomic weight. Another series will
commence with two atoms of an element united with an
uneven number of atoms of another element; thus we
can have binary compounds in the proportion of 2 to 3, 2
to 5, or 2to 7.

The atomic weight of a compound body is the sum of
the atomic weights of the elements forming it: thus
sulphuric anhydride is composed of one atom or 32 parts
of sulphur, and 3 atoms, or 48 parts, of oxygen ; its atomic
weight is therefore 80. The atomic weight of any
compound body may be ascertained by adding together
the atomic weights of its constituent elements.

Owing to the invariable law of the constancy of chemi-
cal compounds, we are enabled to calculate the reaction
which occurs between two or more bodies when decompo-
sition takes place : thus 1742 parts of sulphate of potas-
sium contain 80 parts of sulphuric anhydride and 94-2
parts of potassium oxide; and if it were desired to obtain
sulphate of lead by the decomposition of nitrate of lead by
adding to it the above quantity of sulphate of potassium,
the exact amount of nitrate of lead required would be
readily found by adding together the equivalent of the
elements forming nitric acid and oxide of lead.

CuemicaL SymBois: THEIR EmProyMENT AND Uses.—The
symbol of an element standing alone signifies one atom
of that element. Thus: S implies not only the element
sulphur, but 32 parts of sulphur; a small figure on the
right-hand side of the symbol indicates the number of
atoms to be represented ; thus, S, is equal to two atoms,
or 64 parts of sulphur.

Two symbols placed thus, FeS, indicate a compound
of equal equivalents of iron and sulphur. Separation
of elements by the sign + or a comma is employed to
show the union of two compound bodies ; thus the com-
pound of silver sulphide and lead sulphide may be thus
written: AgS+PbS, or AgS,PbS. A large figure on the
same line as the symbol, and onits left side, multiplies the
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whole of the symbols to the first comma or +.sign: thus,
2AgS,PbS, or 2AgS+PbS, represents a compound of
two atoms of silver sulphide with one of lead sulphide.

If, however, it be thus written, 2(AgS,PbS), it means two
atoms of the whole of the elements which are inclosed in
the brackets.
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CHAPTER II.
PREPARATION OF THE SAMPLE—WEIGHING.

THE selection and preparation of the sample is the first
and most important operation in assaying. It is of little
use for the operator to ascertain with accuracy the per-
centage of every individual constituent in the mineral
operated on, if his sample does not truly represent the
average of the ore. It should be borne in mind that
samples of mineral are generally selected for their richness,
and represent the most favourable portions of the ore;
and no pains should be spared to secure a sample for
analysis which will truly show the bulk of mineral whose
value is required to be known.

The assayer must always bear in mind the object which
his experiments have in view. If they are to ascertain
the actual percentage of one or more constituents existing
in a certain stone, his labours are comparatively easy, all
that is required being to reduce the whole of the specimen
to the finest possible state of division, and, having well
mixed the powder, to analyse a portion of it.

But if it is desired to find out the composition of a
special mineral or crystal, the greatest possible care must
be taken to remove the whole of the gangue or other im-
purities, and to obtain for analysis those portions only
which represent with greatest accuracy the pure mineral.
To effect this the surrounding rock is first removed as
carefully as possible, and then the specimen is crushed
into coarse pieces on a sheet of clean paper. By means
of a pocket magnifier and a pair of pincers, clean, typical
pieces of the mineral are then to be selected for analysis,
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If, however, as will most frequently be the case, the
object of the assay be to ascertain the average value of a
mineral lode or heap or ore, then the assayer must proceed
differently. The portion experimented upon must truly
represent, in the respective amounts of its valuable ma-
terial, gangue, quartz, and earthy matters, the whole bulk
of that of which it professes to be a sample; and this
having been secured, the whole must be carefully pow-
dered and passed through fine sieves, taking care that
every portion of the mineral goes through. If this be not
attended to, it will frequently happen that the few grains
left out are sufficient to vitiate the whole assay; this is
especially apt” to be the case when examining ores the
valuable ingredients of which are of a ductile or malleable
nature, such as auriferous quartz. In this case it fre-
quently happens that the great bulk of gold exists in the
form of one or two small pieces, and these being flattened
and beaten out in the operation of powdering will almost
certainly be left upon the sieve. In cases like this it is
better to collect and assay such pieces separately, and esti-
mate their proportion to the whole weight of the sample,
than to attempt to powder and distribute them uniformly.

" The ore must always be reduced to a powder, more or
less fine, according to the nature of the chemical operation
or assay to which it is to be subjected. This division is
effected by means of the anvil, hammer, pestle and mortar,
sieve, method of elutriation, or other means generally in
use for the preparation of any fine powder. The actual
process to be adopted must vary according to the nature
of the different bodies under examination. In some cases
simple crushing is sufficient ; in others the ore will have to
be pounded in a mortar ; whilst occasionally it is necessary
to reduce it to the very highest degree of fineness by
elutriation.

There is another operation, which is as strictly mecha-
nical as are the above, viz. washing, dressing, or vanning a
sample of ore, the end and aim of which is to separate,
in a suitable vessel, by means of water and difference of
specific gravity, the earthy or useless and, in some cases,
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objectionable portion from the heavier metallic and valu-
able portion. This operation is almost always employed
on the larger scale in dressing ores for the smelter.

The tools and materials employed in preparing the
sample are the anvil (and stand), vice, hammer, files, cold
chisel, shears, pestle and mortar, steel-crushing mortda, sieve,
&e. 3 %

Tre Anvis (fig. 1).—The anvil is most useful.in size
when it weighs about 281bs.; but one of 14 lbs. will

Fie. 1.

suffice. The anvil recommended is of the shape usually
employed by the blacksmith.

The anvil-stand is constructed of stout wood, about
two inches in thickness, and forms a cube of about two
feet square. It contains three or four drawers, which
serve to hold the hammers, cold chisel, shears, files, &c.,
which are required in an assay office. In the centre the
anvil is fixed, and in one corner a vice may be also
secured. ‘ ~

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 other-
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wise. The anvil is also exceedingly useful as a support
for a crucible while breaking it to extract the metallic or
other valuable contents.

Tae mammers (figs. 2 and 3), of which two are requisite,

Fie. 2. Fie. 3. ought to have one end flat and
square and the other pick- or
wedge-shaped. The horizontal
wedge end of fig. 2 is useful for
breaking open crucibles and in
detaching small fragments from
a specimen of ore. The flat end
serves for ascertaining the mal-
leability of buttons of metal.
This hammer should weigh about
11b. The larger hammer, fig. 3,
should weigh about 41bs., and is
employed for breaking coke suffi-
ciently fine for the use of the fur-
nace, and detaching fragments
from refractory minerals, in both of which cases either
end may be employed, as may seem most serviceable to
the operator. 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 materials 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 proportion of the
substance, and the probable injury of the operator; this
can be prevented by wrapping the mineral in a piece of
stout brown paper, or if necessary in several folds. The
fracture can then be safely attempted.

This latter precaution must be specially taken in frac-
turing gold quartz, or hard rock containing metallic silver,
as the loss of a very minute quantity of metal would
involve a considerable error in the result afforded by the
assay.

All minerals, unless very friable, must be reduced to a
moderate size—say that of a walnut—by means of the
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anvil and hammer, before pulverisation ; otherwise, if the
reduction be attempted in a mortar, it is nearly certain to
be injured ; moreover, the operator will find his labours
much abridged by using the anvil for this purpose.

The anvil can also be made very serviceable in repoint-
ing worn or burnt-out tongs, &c. It need scarcely be
added that it must be placed as far as possible away from
bottles or other frangible articles, otherwise accidents may
occur by the forcible projection of fragments of crucibles,
stones, &c.

TrE corp criseL (fig. 4) is employed for cutting off me-
tallic masses for assay. Itshould be five or six inches long,
and about half an inch wide, which is the best size for
general use. However, for some purposes, as cutting copper
and other very tough metals, it is convenient to have a

Fia. 4. F1G. 5.

chisel only a quarter of an inch wide, as these metals are
so much more difficult to cut, and the small chisel meets
with the least resistance.

Small shears (fig. 5) are also exceedingly useful in
cutting off pieces of sheet metal, as lead, for cupellation,
scorification, &ec.

Tae Pestie aAND MorTaAR—Mortars are made of various
materials, as cast-iron, bronze, porcelain, agate, &ec. ; the
assayer requires one of cast-iron, one of porcelain, and
one of agate.

The iron mortar (fig. 6) ought to be of the capacity of
from three to four pints; the porcelain (Wedgwood ware)
(fig. 7) may contain about two pints. The ease with which
a mortar may be used depends much upon its form, and
opinion is greatly divided on the subject. Faraday * says
that the pestle should be strong, and the size of its upper

* Chemical Manipulation, p. 149.



14 PREPARATION OF THE SAMPLE.

part 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. 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

F1a. 6. Fia. 7,

thickness, in order to withstand the smart blows they will
occasionally have to receive.

Berzelius recommended 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 ; its action will then be more speedy.

Iron mortars can be best cleaned by friction with a
little fine sharp sand, if washing be not sufficient to re-
move the adhering substance. Great care must be taken
to dry mortars perfectly, especially those of iron, other-
wise they will become rusted, and the rust will contaminate
the substances pulverised in them.

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
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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 large pieces, so that all may
be equally reduced. This can be carried on until the
whole is about the size of fine sand. It is transferred to
the porcelain mortar, where direct blows must be carefully
avoided.

The process is now carried on somewhat differently :
the pestle is to be pressed with a moderate force, and a
circular motion given to it, taking care every now and
then to lessen and then to enlarge the circles so as to pass
over the whole grinding surface of the mortar, and insure
the pulverisation 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 ex-
peditious will be its assay ; and in preparing a mineral for
assay by the wet 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 hardness and friability of
the substance whose pulverisation is to be effected. The
harder it is, the less must be taken, and vice versd.

In 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. Indeed, in some cases the
ambient powder is highly deleterious, as in the pulverisa-
tion of arsenical nickel, cobalt, and other ores. Here the
simple cloth is not a sufficient protection; it should be
slightly damped with water, and tightly tied round the
mortar, and firmly held round the pestle, when nothing
can escape.

Some minerals can be pulverised with greater ease if
they are ignited and suddenly quenched in cold water.
Amongst them may be named flint, and many other sili-
ceous matters, as gold quartz. In the pulverisation of
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charcoal for assays, it will be found useful to heat it, as
hot charcoal is more readily pulverised than cold.

In some instances the powder obtained in the iron or
porcelain mortar is not fine enough ; recourse should then
be had to the agate mortar, in which the mineral, in as
fine a state of division as the larger mortars will give it, is
ground in small portions at a time, until it is reduced to
an impalpable powder.

When small specimens or rare minerals are being oper-
ated upon, if it is especially desirable to avoid loss, it is

Frc. & advisable to use a steel mor-
tar (fig. 8) for the prepara-
tory reduction of the mineral
to coarse powder. A B and
C D represent the two com-
ponent parts of the mortar ;
these may be readily taken
asunder. The substance to.
be crushed (having, if prac-
ticable, first been broken into
small pieces) is placed in the
cylindrical chamber ¥ F;
the steel cylinder, which fits
somewhat loosely into the
chamber, serves as a pestle.
The mortar is placed upon a solid support, and perpen-
dicular blows are repeatedly struck upon the pestle with a
hammer, until the object in view is attained. (Fresenius.)

In the selection of agate mortars, they must be examined
to see that they have no palpable flaws in them; very
slight cracks, however, that cannot be felt, do not render
the mortar useless, although they increase the danger of
its destruction by a chance blow.

Tre Sieve.—The operation of sifting is employed when
a very fine powder is required, or when a powder of uni-
form size 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




SIFTING. 17

1} 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 economi-
cally in the muffle furnace. TFor the preparation of
minerals a set of three sieves should 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 for
preparing galena for assay; the medium for 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. 9 is made of wood, over which is strained
in the ordinary manner brass wire-gauze of the necessary
degree of fineness. When in use, B, fig. 10, is fitted into
the lower part of A (same figure). This contrivance pre-
vents all loss of the fine powder. If the matter to be
sifted be offensive or deleterious to the operator, a sieve
termed the drum or box-sieve may be employed (see fig.
10), 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, and requires some
practice to fully develop its powers. One side of the
under edge must be Fre. 9. Fre. 10,
held by one or both
hands according to its
size, whilst the other
rests on a table or a
bench. A semi-circu-
lar oscillating motion
must now be com-
municated to it by
moving the hands
up and down at the
same time that they
are being alternately brought into approximation with the
sides of the operator.

/ C
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In cases of necessity, a sieve may be readily extem-
porised. Place the powder to be sifted in a piece of fine
lawn or muslin, according to the fineness required, tie it
up loosely, and shake or tap the powder, with its muslin
or other envelope, on a sheet of paper, and the sifting 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 par-
ticularly 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 assayers, and the
produce made by one would be 8} per cent., and that by
the other 9 or 9%, or, in some cases, even more. This dis-
crepancy generally arises from the cause above mentioned.
In the one case the workman has rejected part of the
hard gangue, and so rendered the. residue richer; whilst
in the other he has pulverised the whole, making the
produce less, but giving more accurately the amount of
metal in the substance submitted to assay.

A knowlédge of this fact is also very useful from
another point of view. Suppose it were wished to separate
in a speedy manner, as perfectly as possible, any friable
mineral, such as galena or copper pyrites, from its matrix
by mechanical means, it might be accomplished by the
use of the sieve, as follows: Place a small quantity of
the mineral in an iron mortar, and strike, repeatedly,
slight vertical blows. When it is tolerably reduced, sift
it, and it will be found that what passes through is nearly
pure mineral, with only a small quantity of matrix ; repeat
the pounding and sifting operations, until, after a few
repetitions, that which remains in the sieve is nearly pure
gangue. :

Native metals, as gold, silver, and copper, are also
partially separated after the manner above described.
The fine particles of metal, during the process of pounding
and trituration, become flattened, and cannot pass through
the sieve, whilst the more brittle portions pass through
and are separated.
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Evvrriation.—This process can only be employed for
those bodies which are not acted on by water ; and it
must be remembered that many substances which are
usually considered to be insoluble in water are, when in
a very finely divided state, acted upon to a greater or less
extent. The operation is thus effected : The substance is
reduced to the finest possible state of division by any of
the foregoing processes; it is then shaken up with a
quantity of water in a glass or other vessel. After a few
moments’ repose, the supernatant liquid, retaining in sus-
pension 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 repeating these processes a powder of
any required degree of fineness may be obtained.

It is seldom, however, that a substance is required for
assay by the dry way, in such a minute state of division.
In the humid or wet method it is occasionally very useful.
If the supernatant water is roughly decanted off, where
the powder to be elutriated is light, the least disturbance
of the vessel containing it occasions the distribution of the
portion which has settled, throughout the liquid, and the
consequent mixture of fine and coarse particles. 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, which, during this time, has been applied to the
longer end of the instrument, is now removed, when the
water will flow out until it is level with the immersed end
of the syphon. Fresh water can then be added, the
powder stirred up again, and the operation of decantation
by the syphon carried on as long as requisite.

WasnING, DrEssing, or Vannive.—This operation is ex-
ceedingly useful for discovering the approximate quantity
of pure ore, such as galena, copper pyrites, oxide of tin,
native gold or silver, in any sample of earthy matter or
ore in which it may be disseminated.

The theory of the operation about to be described is

¢ 2
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easily understood. Bodies left to the action of gravity ina
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 it follows, firstly,
that of equal volumes the heaviest fall most rapidly;
secondly, that of equal densities those having the largest
size move with the greatest speed; for in particles of
unequal size and like form the weight is proportional to
the cube of the dimensions, whilst the surface is only pro-
portional to the square of these dimensions ; hence in small
particles the surface is greater in relation to the weight
than in the large particles. Thirdly, of equal densities and
volumes, particles offering the largest surface (those which
are scaly and laminated, for example) undergo more re-
sistance .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, like the
dynamic resistance, is proportional to the surface and
independent of the mass or volume; whence it follows
that, in a fluid in motion, of bodies having equal volumes,
the least dense acquire the greatest rapidity of movement,
and are deposited at the greatest distance from the point
of departure; whilst with equal densities the smallest
grains. are carried farthest; 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 heavier
. shall be in larger grains than the lighter; this unfortun-
ately, however, is a condition that can very seldom be
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 pulverisation,
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reducing it also more by blows than by grinding, so as
to get 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 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 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 longitudinal axis. At each shake all the particles
in the scoop are so agitated that they become 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 remain immovable, and in a slightly in-
clined position. In this manner, the layer of water
running over the surface of the mineral agiates that part
only, and carries off all light substances there deposited in
the previous operation. When necessary, these matters
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may be 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 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 the water carries
with it a small but definite 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 rewash the latter 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 method of washing, a tin, zinc, or wooden
pan is employed. It should be circular, one or two feet in
diameter and three or four inches deep ; the sides should
descend in a conical manner, so that the bottom is not more
than four inches in diameter, and the angle between it and
the sides as sharp as possible.

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
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care and a little practice, it is difficult to disturb them.
If there be a large quantity of earthy matter, this 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 thereby determined with a
very near approach to accuracy.

THE BALANCE,

OreraTioN OF WEIGHING.—At least three balances will
be required in a laboratory where general assays are per-

Fic. 11.

formed. The first must be capable of carrying three or
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four pounds in each pan, and must turn with a quarter of
a grain. This may be of the form of the bankers’ or

Fia. 12.

bullion balance (fig. 11), and may be employed in weigh-
ing samples of gold quartz or silver ore containing metallic

Fra. 13.
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grains capable of being separated by the sieve (see p. 18);
the second (fig. 12), or rough assay balance, is similar to
the apothecary’s scales ; it should take 1,000 grains in
each pan, and turn with one tenth of a grain. This serves
for weighing samples of ore and fluxes for assay, and for
determining the weight of buttons or prills of lead, tin,
iron, copper, &c., obtained in an assay. :

The third and most delicate, or true, assay balance (fig.
13) should carry about 1,000 grains ; must turn distinctly
and accurately with the g55th 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. The first two balances may
be used, with ordinary care, by any one; but the third
balance, in its use and adjustment so as to maintain its
extreme accuracy, requires some particular instructions,
which necessarily involve the principle of the balance.
These have been so admirably given by Faraday, in his
¢ Chemical Manipulations,” that we can do no better than
transcribe them :—

‘The theory of this balance is so simple that the tests
of its accuracy will be easily understood and as easily
practised. It may be considered as a 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 counter-
poise the other; if not, the heavier will preponderate.
In the balance, as usually constructed, there are certain
departures from the theory as above expressed—some
from the impossibility of execution, and others in conse-
quence 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, and 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
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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 be
easily understood ; and from what has to be stated of the
examination of the most delicate instrument, the impos-
sibility of avoiding them without incurring an expense
inconsistent with their ordinary use will be as readily
comprehended.’

Two principal things have to be attended to in the
selection of a balance—its accuracy and its delicacy. The
accuracy depends upon the following. conditions :—

1. The arms should be equal to each other in length. 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. This equality
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 insure 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 in equal.

Equality of weight is not so necessary a condition,
although this should be obtained as accurately as possible.
One arm with its pan may be considerably heavier than
the other, but from the disposition of the weight in the
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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 adjustment, and that after vibrating freely they take a
horizontal position.

2. The beam must be of such a form and strength that
it will not bend when loaded with the greatest weight the
balance is intended to carry. All well-made modern
balances are sufficiently rigid in this respect, and may be
safely trusted to carry their full weight without flexure of
the beam. It should also be as light as practicable.

3. The knife-edges supporting the pans, and the centre
one on which the beam vibrates, must be accurately in the
same line.

The delicacy of a balance likewise depends upon
several conditions.

The centre of gravity must be very little below the
Julerum. If it be considerably depressed, 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 ultimate state of rest ; and if weights be
added to one side, so as to make it vibrate, or 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.

If, however, the centre of gravity coincides with the
fulecrum or centre of oscillation, then the balance is said
to set, that is, the smallest possible weight will turn the
beam ; the oscillations no longer exist, but one side 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 in which the centre of gravity is above the
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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 lower tending
to descend still further, until obstructed by interposing
obstacles.

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. This is one cause why they are inferior in deli-
cacy, for, as a consequence of the arrangement, they will
not turn except with a larger weight.

Balances are also liable to set when overloaded. Thus,
if a balance be equally weighted in each pan, but over-
loaded, it will, if placed exactly horizontal, remain so, but
the slightest impulse or depression on one side destroys
the equilibrium ; 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 this
effect takes place; this is one limit to the Welght it can
properly carry.

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 the vibrations. These should be
observed, and the appearances retained in the mind, in
consequence of the useful indications they afford in
weighing. A certain amplitude and velocity of vibration
would indicate to a 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 redund-
ancy of weight, as in the former case.

The weight also required 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 55th of a grain, with 1,000 grains
in each pan, or with t5g5gggth of the weight it carries, it
may be considered perfect.
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The friction of the knife-edges must be as slight as
possible.

Most of the faults in the working of a balance, if ordin-
arily well made, depend upon imperfections in the middle
knife-edge and the planes upon which it rests.

The edge is made either of agate or steel, preferably
the former, and should be formed out of one piece, 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 on 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. The balance must always be
kept perfectly level by means of the three screws on
which it stands, and adjusted by the spirit-level or plumb-
line with which it is furnished.

The balance should be kept in a well-lighted dry room,
quite away from acid or other vapours. The case should
be kept closed as much as possible, and a glass vessel full
of lumps of good quick-lime should be kept in it. When
the lime falls to powder it should be renewed.

In order to test the accuracy and delicacy of a balance,
remove the pans and their end supports, and notice how
the beam oscillates: When it has been found to oscillate
with regularity, and gradually to attain a horizontal posi-
tion of rest, it should be reversed—that is, taken up and
turned half-way round, so as to make that which before
pointed to the right now point to the left. The beam
should then again be made to oscillate, and if it perform
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regularly as before, finally resting in a horizontal position,
it has stood a severe test, and promises well. Then re-
place the pans and repeat the tests, noticing the time
required for each oscillation. When the pans are hung
upon the beam, the balance should of course remain
horizontal. They should be tried by changing, then by
reversing, the beam, and afterwards by changing the pans
again. The pans are best suspended by very thin platinum
wire, so as to avoid hygrometrical influence upon them.

Afterwards load the balance with the full weight it
is intended to carry—say 1,000 grains in each pan, and
notice if the indications are as rapid upon adding or sub-
tracting the smallest weight as they were when the pans
were empty.

Tests of this kind are quite sufficient for the purpose
of the assayer, who, having ascertained that his balance,
whether slightly or fully laden, vibrates freely, turns deli-
cately, has not its indications altered by reversing the
beam or changing counterpoising weights, may be perfectly
satisfied with it.

The irregularities which may be discovered by these
tests are best corrected by a workman ; but as in all the
best balances now made adjusting screws for these pur-
poses are provided, it has been thought advisable to
introduce here such matter as, after careful perusal, will
enable every one to adjust and examine his balance
properly ; so that, in the absence of a skilled workman,
it may without much danger be put into working order
by the assayer himself, if accidentally damaged by rough
treatment.

Tue WererTs.— Various kinds of weights are necessary
for the different balances required by the assayer. For
the larger balance, Troy-weights from 4 Ibs. to 1 grain
will be requisite ; for the second size, weights from 1,000
grains to {4th part of a grain; and for the assay balance,
weights from 1,000 grains to 1}5th of a grain.

The best material adapted for weights is unquestion-
ably platinum. This is, however, too expensive for its
general adoption, and therefore brass weights are almost
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invariably employed down to the ten- or twenty-grain
weight, the smaller ones only being of platinum. On the
Continent weights are generally made of silver, and if of
brass are electro-gilt. For the smallest weights of all
(those below 0-10 grain) aluminium is often used, its
lightness, and consequently greater bulk, enabling these
small weights to be made considerably larger than if they
were of platinum. The riders are generally of silver-gilt
wire. The slight tarnish which gradually forms on brass
weights may be disregarded until it becomes thick.
Weights ought never to be touched with the fingers, and
should, when not in use, be kept tightly fastened in their
box, away from all acid fumes. The most convenient
series in which to have the weights is 600, 300, 200, 100,
60, 30, 20, 10, 6, 3, 2, 1, 6, -3, -2, -1, &c. This is pre-
ferable to the series formerly employed, as it admits of the
use of a less number of weights to arrive at any required
amount.

According to H. Ste. Claire Deville and Mascart re-
ceptacles lined with velvet are not adapted for the preser-
vation of weights, as dust is deposited in the velvet and
acts upon the weights when taken out or put in. Small
boxes of ivory or smooth wood are preferable.

Peculiar weights are necessary for the assay of gold
and silver bullion in England (with the exception of assays
for the Bank of England; see Gold assay), gold being re-
ported in carats, grains, and eighths, and silver in ozs. and
dwts. The most convenient quantity of either of the
precious metals for assay is 12 grains. 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 J1;th part
of a Troy grain, when the ¢ pound’ is twelve grains.
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Assay Weights for Silver.

Silver Assay
ozs. dwts, grs. grains,
12 0 0 12
1130570 , 11
6 0 O 6
3 00 3
2 00 2
100 1
010 O 0-500
0 &6 0 0250
0 30 0150
020 0-100
010 0-050
0 012 0-025

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 ith
assay grain, equals gth Troy grain ; thus—

Assay Weights for Gold.

Gold Assay
carats. grs, eighths, grains,
24 0 0 . g : 3 A : ] DD
22 0 0 . A o o . 11
12 0 0 6
6 0 0 3
300 . 122ths
2 0 0 . 1
1 0 0 32ths
020 . L
010 Fths
0 0 6 & ths
00 3 Zths
0 0 2 2ths
00 1. Fin

In cases where the very smallest weights have to be
employed, great care must be taken in seizing them with
the forceps, as they are apt to spring away and be lost.
In the assay balance (fig. 13) the use of weights less than
+sth of a grain is avoided by a very ingenious contrivance.
Each side of the beam is equally divided into ten parts,
and over the beam on each side is placed a sliding rod,
as represented in the figure. The object of these rods is
to carry, in the direction of the beam, the small bent piece
of wire (letter ¢, fig. 13) called a rider, which serves in
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lieu of the smallest weights—the tjzth and the yg4th.
These riders are thus employed : one weighing 41;th of a
grain is placed on the cross-piece of the extremity of the
sliding rod just mentioned, and the rod thus furnished is
brought gradually along the beam from the centre to the
end, until the rider can be deposited on the division on
the beam marked 10 ; the balance is then loaded on that
side with a weight equal to {;th of a grain. If now the
rod be advanced to the centre of the balance, and the rider
dropped on the mark 5, the half of {;th of a grain will be
pressing on that side of the balance, or, in other words,
‘05th of a grain; and when the rider is at the marks 1, 2,
3, 4, respectively, ‘01, -02, -03, -04 of a grain will be in-
dicated. With a rider weighing +}5th of a grain thou-
sandths of grains may be indicated: thus the last rider
placed on the marks 1, 2, 3, 4 would equal -001, -002,
-003, -004 grain, &ec.

Tre MermoD oF WEIGHING.—The operation of weighing is
very simple ; but as in the hands of the assayer it becomes
one of great frequency, the facilities for its performance
require to be mentioned. It should in the first place be as-
certained before every operation that the balance is in order,
so far as relates to its 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 influence may be avoided. In most cases there
is a small projecting arm on the upper part of the beam,
which, being turned either to the right or left hand side
of the beam as required, serves to establish perfect equili-
brium. Perfect equilibrium is, however, a matter of no
consequence if the assayer observes one or two simple
rules. He should never on any account weigh by the direct
method, that is, he should never obtain the weight of a
substance by putting it at once into one pan and then
counterpoising it by adding weights to the other pan.
This method is only to be relied on when the balance is of
rare perfection, and is used by no one but the assayer him-
self. The plan of weighing by difference should invariably
be adopted. By this means the weight of any body can

D
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be readily ascertained, no matter whether the arms of the
balance are of unequal length or the pans out of equilibrium.

In the first place, it should be a rule that one pan,
preferably the left, be reserved for the substance to be
weighed, and the other pan be set apart for the weights.

Supposing the weight of a portion of mineral is re-
quired. First place a clean watch-glass, or platinum
capsule, in the left pan, and carefully ascertain its weight.
Let us suppose it weighs 106-347 grains; now put the
mineral in the watch-glass and ascertain the united weight
of the two. This we will imagine comes to 763-776. By
subtracting the weight of the glass or capsule from this
we find the true weight of the mineral, which is 763-776
—106-347=657-429. The substance to be weighed must
never be put direct into the pan. By weighing in this
manner by difference, the errors arising from inequality in
the equilibrium or length of arms are eliminated.

Nothing should ever be weighed until it is perfectly
cold. It is also unadvisable to weigh anything immediately
after it is taken from a cold place to a warmer one, as the
substance in such case will act as a hygroscopic body,
and, by condensing moisture, will appear heavier than it
really is.

Powders are conveniently weighed by filling a small
stoppered tube bottle with them, then weighing the whole,
and, after pouring out the requisite amount of its contents,
reweighing the bottle and powder. The difference gives
the weight of powder used. This is a very convenient
plan if several portions of the same substance are required
for different analyses. The tube will require reweighing
each time after the quantities required for each analysis
are shaken out into the receptacles.

A delicate balance 1s always furnished with means of
supporting the pans independent of the beam; and the
beam itself is also supported when required by other bear-
ings than its knife-edges, and in such a manner as to admit
of the rapid removal of these extra supports when the
instrument is to be free for vibration. This is done that
the delicate edges. of suspension may not be injured by
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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 contriv-
ances; for the weight, if dropped in, descends with a
force highly injurious to the supporting edges ; also, if a
large weight be taken out without first bringing the pans
to rest, it produces a similarly bad effect.

The weights should not be put into the pan at random.
It is a mistake to suppose that time is saved by such a
plan. The highest probable weight should be added first,
and then the set should be gone through systematically
down to the smallest weight, retaining or removing each
weight in order according as it is too little or too much:
The exact weight of a body will be found in this manner
in far less time than would be required were the weights
added by guess. :

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 state of rest, and should then be liberated
gradually by turning the handle, so as to leave 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: -

Great care should be observed in recording the weight
in the notebook. The weight should first be ascertained
from an inspection of the vacancies in the box of weights,
and then verified by an examination of the weights them-
selves. This is conveniently done whilst replacing them
in the box, which should be done 1mmed1ate1y after each
weighing.

Tn some cases, where great accuracy is not of so much
importance as rapidity in getting out approximate results,
a plan may be adopted recommended by Mr. F. F. Mayet
in-the- American ¢ Journal of Science and Art’ for 1861.

> 2
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- Mr. Ch. Méne, of Creusot, gave (in the ¢Journ. de
Pharm. et de Chimie’ for October 1858) a mode of weigh-
ing which does away to a great extent with the tedious-
ness and difficulties attending the dryness of many pre-
cipitates, He washes the precipitate thoroughly by
decantation, and then introduces it carefully into a bottle
the exact weight of which when filled with distilled water
at a certain temperature is known. Since the precipitate
is heavier than water, the bottle, when filled again, will
weigh more than without the precipitate, and the differ-
ence between the two weights furnishes the means of cal-
culating the weight of the precipitate.

In case the precipitate settles but slowly, it may be
collected on a filter, and, together with a filter, after wash-
ing, be introduced into the bottle, in which case the weight
of the filter and its specific gravity, supposing any differ-
ence should exist between its own and that of water, is to
be taken into account. Precipitates soluble in or affected
by water may be weighed in some other liquid.

Mr, Mayer applied this principle on a large scale as far
back as 1855. :

In that year he was engaged in the manufacture of
lead carbonate from refuse lead sulphate, by treating the
latter, in a pulpy condition, with sodium carbonate. The
lead sulphate used contained very varying proportions of
water and soluble impurities, from which latter it had
first to be freed by washing. It was then in the state of a
thin pulp, and the difficulty was to find the amount of the
dry lead sulphate, as it was a matter of importance to use
as little sodium carbonate, and to obtain as pure a lead car-
bonate and sodium sulphate, as possible. This could only
be done by weighing it in the bulk or in portions; but as
the drying of a tubful of lead sulphate (from 500 to 1,200
Ibs,) was impraeticable, and sampling not less so, since
the upper strata contained a much larger proportion of
water than the lead at the bottom, the following method
was contrived, which enabled the management of the pro-
cess to be left in the hands of a workman :—

A strong oaken pail was taken, weighing 8 lbs. when

« .
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empty, and a black mark was burnt in horizontally around
the inside of the pail two inches below the rim, up to
which mark it held 20 lbs. of water. . The specific gravity
of lead sulphate being 6-3, the pail, if filled up to the
mark, would hold 126 lbs. of pure lead sulphate. The
specific gravity of water being 53 less than that of lead
sulphate, it-followed that if there were 11b. of water in the
pailful of moist sulphate, the pail would weigh 5-3 lbs. less
than 126 (+8, the tare of the pail)=120-7(+8); -if ‘there
were 2 lbs. of water present, the weight would be :115-4
(+8), and so on. This enabled a table-to be calculated
giving in one column the actual weight of the pail-when
filled with moist sulphate, and opposite, in a second column,
the amount of dry sulphate corresponding to the gross
. weight. The weight of dry sulphate was thus found. as
accurately as could be desired, although the amounts
varied in practice from 30 to 105 Ibs.

This is nothing but an application of the Archimedean
theorem, that when a solid body is immersed in a liquid
it loses a portlon of its weight equal to the weight of the
fluid which it displaces, or to the weight of its own bulk of
‘the hquld

This is precisely the principle applied by Mr. Mene
The precipitate he obtains by a certain chemical manipu-
lation is a substance of known composition and specific
gravity. Supposing it to be lead sulphate, and the bottle
when filled with water at the normal temperature to weigh
70 grammes = 50 grammes of water and 20 for tare. After
introducing the precipitate and filling again with water, it
weighs 71-06 grammes. Now as the specific gravity of
lead sulphate is 63, or as the weight of a cubic measure
of lead sulphate is 6-3 times that of a cubic measure of
water, and as the space of one part by weight of water, is
taken up by 6-2 parts by weight of lead sulphate, it follows
that the quantity of the lead sulphate in the bottle, which
has taken up the space of one part by weight of water, in+
creases the original weight of the bottle (filled with pure
water) by 5:3. To find the amount of water displaced it
is only necessary to divide the overweight (1:06 grammes)
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by 5:3=02, which, added to the overweight (1:06+0-2),
gives 1-26 grammes as the welght of the prempltate

Hence the rule, which is.of great convenience in
volumetric analysis, thatto find the weight of a moist
precipitate which is a compound of known specific gravity,
weigh it in a specific gravity bottle or some other vessel
of known weight when filled with water or any other
liquid at the normal temperature; again fill it with the
water or other liquid, divide the excess of the new weight
by the specific gravity of the substance, less that of the
water or other liquid (that of water being =1), and add
the quotient to the overweight, which gives the Weight.()f
the precipitate.

The principle exemplified by Mr. Mayer may not be
novel ; but as it has never been fully exemplified before,
chemists and assayers will probably also find it of interest,
and certainly highly practicable and easy of execution.

Dr. F. Muck (“ Zeitschrift fiir Analytische Chemie,’ vol.
xix. p. 181) remarks that a previous complete drying of
the precipitate, as Bunsen has proved, is not merely a loss
of time but a disadvantage : whilst introducing the still
. moist precipitate into the crucible requires the application
of a very gentle heat at the outset, and thus insures the
most favourable conditions for the easy and complete
incineration of the filter-paper. Precipitates not washed
upon the filter-pump can be readily. brought to a sufficient
degree of dryness if laid for a short time upon blotting-
paper or unglazed earthenware.

Dry filters may be also much better 1ncmerated after
previons charring at the lowest possible temperature than
by rapid carbonisation or direct ignition in the flame. How
advantageous it is to char previously very slowly may
best be -seen on incinerating filters whose contents im-
pede the complete combustion of the paper by the old pro-
cess, .e.g. silicic acid, ammonio-magnesiun phosphate, &c.
Charred  paper obtained by rapld heating is deep black
and of a silky lustre, whilst if slowly carbonlsed it is
brownish-black, dull, and smoulders away like tinder.
Charred paper of the first kind appears under the micro-
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CHAPTER IIL
GENERAL PREPARATORY CHEMICAL OPERATIONS.

CarcinatioN.—Strictly speaking the term calcination
means the production of an oxide or Calz by combustion,
and it necessarily involves the intervention of atmospheric
oxygen. But in a metallurgical sense the term is re-
stricted to the separation of any volatile matter from a
mineral substance by the aid of heat alone, the atmosphere
being totally or partially excluded; or the production of
rapid changes of temperature, so as, for instance, to render
minerals more fragile by heating and then quenching in
water &c.

Thus we speak of the calcination of minerals, as iron
or zinc ores, &c., whose matrices are argillaceous, to expel
water, and also of gypsum to expel water ; the carbonates
of lime, iron, copper, and lead are calcined to separate
carbonic acid ; the hydro-carbonates of zine and iron, to get
rid of both water and carbonic acid ; cobalt and nickel ores,
&ec., to separate arsenic and sulphur. The iron ores found
in the vicinity of collieries are calcined to expel bituminous
matter, and wood and bones to expel volatile organic matter.
Where the operation is accompanied by combustion, and
requires the oxygen of the atmosphere, it is termed roasting.

Crucibles are conveniently used in calcination, as no
stirring of the mass is required. They may be made of
various materials, as clay, plumbago, platinum, silver, and
iron. Silver must not be employed when sulphur is pre-
sent or at a heat greater than dull redness. The selection
of the crucibles must depend upon the substance under
operation ; they must all be furnished with covers.
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In almost all operations in assaying it is necessary to
estimate the amount of volatile matter lost by calcina-
tion. A very high temperature is seldom required in cal-
cination ; usually an air-furnace will give enough heat.
When the operation is finished the crucible must be
removed from the fire and allowed to cool gradually.
When completely cold, remove the cover and take out
the contents 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 calcination will
represent the volatile matter.

When the subject to be calcined is fusible, the crucible
and contents must be weighed before ignition ; the loss of
weight is equal to the quantity of volatile matter expelled ;
in fact, this latter is usually the most satisfactory method
of conducting the experiment.

If the ignited substance be soluble in water, it can be
removed from the crucible by that menstruum, employing
heat 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.

Certain substances, as lead carbonate, undergo a
material alteration by contact with the gases given off
during the combustion of the fuel in the heating furnace ;
others, such as carbonaceous matters, are consumed by
the introduction of atmospheric air. All such substances
must be calcined in a closely covered crucible placed in a
second crucible (also covered) for further protection.

In some rare cases, however, these precautions are not
sufficient. In such, cither & weighed porcelain or German
glass retort must be employed.

Sometimes earthenware crucibles lined with charcoal
arc employed in calcination ; 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-sulphides are calcined at a high temperature to
expel the greatest possible amount of arsenic and sulphur.
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The selection and proper management of crucibles will
be given in the next chapter. ;

Roasting.—In this operation carbon, sulphur, selenium,
antimony, and arsenic are separated from certain metals
with which they were combined. Roasting 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 copper and iron sulphide
(copper pyrites), the sulphur, copper, and iron mutually
combine with oxygen to form sulphurous anhydride (vola-
tile), copper protoxide, and iron peroxide, thus :—

2 (FeS + CuS) + 130 = Fe,0; + 2(Cu0) + 4(S0,).

This is the final change in this case. During the process,
however, some copper and iron sulphates and sub-sul-
phates, are formed. This chanae will be explained under
the head of Copper Assay.

When carbonaceous matters are roasted, the operation
also takes the name combustion, or incineration ; because
the object of roasting a fuel, for instance, is generally to
ascertain the amount of ash left.

In roasting, in the ordinary acceptatlon of the term,
the body must not be fused, but kept in a pulverulent
state ; there are, however, some cases in which fusion is
allowable, as in cupellation and scorification.

The process of roasting is performed in different ways.
In one, a small flat vessel, called a roasting-test (fig. 14),
is employed, made of the same material as the earthen
crucibles, and similar to a saucer. It is most conveniently
heated in a muflle. The substance to be roasted must
be finely pulverised, placed in the roasting vessel, and
constantly stirred with an iron or glass rod until no fumes
are given off, or until it ceases to evolve the odour of
sulphurous acid if sulphur is one of the constituents
to be eliminated.
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The operation may also be performed in a crucible, in
which case it must be inclined to the operator, so that the
«dranght of air passing to the furnace flue may impinge as
much as possible on the substance under manipulation.

During roasting the heat must be carefully 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, as for instance when antimony sulphide

Fia. 14.

is being roasted. In these cases the assay must be mixed
with its own weight of powdered quartz or 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 cru-
cible "or test, pulverised, and the roasting recommenced.
In this case, however, the operation is always very tedious,
and the final result less exact, so that great care ought to
be taken at the commencement of the roasting.

When the assay has been kept at a dull red heat for
some time, and shows no signs of agglutination, the heat
may be slightly increased ; at the same time stirring must
be diligently pursued. After the heat has arrived at full
redness there is little fear of fusion ; and as the operation
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proceeds more rapidly at a high temperature than at a low
one, 1t is well now to increase the heat to a yellowish red,
and even 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 at this point will be ac-
complished ; and the remaining operatlons of the assay
may be proceeded with.

This is the general plan of operation, but different sub-
stances require for roasting a different degree of heat ; for
instance, copper pyrites require a higher temperature than
grey copper ore, and the heat employed must in every
case be adapted to the substance to be roasted. Some
substances, for instance, arseniates, lead sulphate, &c.,
cannot be roasted by heat alone. These require the ad-
dition of a carbonaceous body to remove the combined
oxygen, and allow the arsenmic, sulphur, &c., to be com-
pletely roasted off. Ammonium carbonate in some cases is
also added to the mixture to separate the sulphates formed
during the roasting of sulphides.

In cases where the metallic bases of the sulphides are
volatile, either as such, or as oxides, as for instance galena,
antimony sulphide, &c., a loss of metal will always result
during the roasting process.

It may be as well to mention here that platinum cap-
sules are useful in certain roasting operations. The copper,
iron, and molybdenum sulphides are conveniently oxidised
in this kind of vessel, without much fear of injury, pro-
vided fusion of the roasting substance be carefully avoided.
Platinum vessels should also be used in ascertaining the
amount of ash in coal.

Repucrion.—The process of reduction consists in re-
moving oxygen or an analogous element from any body con-
taining it, usually by means of either carbonaceous matter,
hydrogen, or a body containing both these elements, and
leaving the metal behind, usually in the form of a melted
button. The rationale of the operation is as follows, when
lead oxide is reduced with carbon :—

2(Pb0) + C = 2Pb + CO,.
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In this case we start with lead oxide and carbon, and as a
result we obtain metallic lead and carbonic acid.

The reaction between nickel oxide and hydrogen is
thus expressed :—

NiO + 2H = Ni + H,0.

Here we have at the commencement nickel oxide and
hydrogen ; and after the conclusion of the operation there
remains metallic nickel, and water which has volatilised. If
the reducing substance contain both carbon and hydrogen
the action will be thus, when a metal (e.g. lead) is reduced
from its oxide, carbonic acid and water being formed :—

3(Pb0) + CH, = 8Pb + CO, + H,0

In the operation of reduction by the aid of carbona-
ceous matters two methods are employed: in the one,
charcoal, coal, sugar, starch, or any carbonaceous or hy-
dro-carbonaceous body, as argol, is mixed with the sub-
stance to be reduced ; in the other, the process of cemen-
tation is employed. Where sulphides are to be reduced,
metallic lead or iron is usually employed to remove the
sulphur. Generally, however, the sulphides are previously
converted into oxides by the operation of roasting, and
the reduction is then effected by means of carbonaceous
matter.

The process of cementation is conducted by placing
the oxide to be reduced in a crucible lined with charcoal,
and covering it closely while it is in the furnace ; the re-
duction proceeds gradually from the outside of the oxide
to the centre of the mass. The time requisite for this
operation depends on three circumstances—viz. the nature
of the oxide, the degree of temperature, and the mass
acted on.

Some oxides treated this way are reduced very readlly,
others, again, take a considerable time; while certain
of them do not appear to be acted on beyond the outer-
most layer. Of the first class is nickel oxide; of the
second, manganese oxide ; and of the third and last chro-
mium omde, .
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Each of these classes of reduction has its advantages.
The former, or reduction by mizture with carbonaceous
matter, takes place very quickly and completely, but the
reduced metal 1s often mixed with carbon; in the latter
process the residue is comparatively pure, but it is not
generally preferred, on account of the time and high tem-
perature necessary.

Reduction by hydrogen gas is very seldom employed
it is, however, necessary in some cases, as for instance in
the determination of the percentage of cobalt or nickel in
a sample, where perfect accuracy is desirable. The opera-
tion is carried on in a tube of hard German glass, having
a bulb blown in its centre, which is heated either by a
spirit or gas lamp. Attached to it is a tube full of dried
calcium chloride, through which the hydrogen gas effect-
ing the reduction passes to perfectly dry it.

The bulb tube is weighed and the oxide introduced into
it ; it is again weighed, and the apparatus united by caout-
chouc tubes: hydrogen gas (see Reducing Agents) is then
passed through it until the whole of the atmospheric air
is expelled. Heat is afterwards applied till the bulb is
bright red, and the current of gas continued until no more
water from the decomposition of the oxide 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 amount
which it has lpst represents the oxygen which the hy-
drogen has removed. By subtracting this oxygen from
the original weight of the substance, the difference gives
the amount of metal in the amount of oxide operated on.

Fuston.—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, the
preparation of certain fluxes and alloys, also lead for the
assay for silver, in order that a homogeneous ingot may
be obtained. Some ores, such as those of copper, are
melted instead of being roasted or calcined, in order to
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prepare them for reduction. Minerals are also melted per
se, or with the addition of borax or sodium carbonate, in
order to ascertain the best treatment to be adopted in a
subsequent operation. Metals too are frequently melted
to drive off other volatile metals; in this case the heat
should be continued for some time, and should be very
high, as.it is difficult to remove the last traces of volatile
metals. Thus, in melting the spongy gold left behind in
the retort after the distillation of gold amalgam, the ingot
of gold almost always retains mercury, which can only be
removed by repeated meltings at a very high temperature.
In some cases the fusion is intended to be only partial,
the object being to melt out an easily fusible part of the
mineral—for instance, in assaying grey antimony ore and
different bismuth ores.

SorutioN.—In all cases where analysis in the wet way
is required, the mineral must be either wholly or partially
brought into the state of solution. The choice of a solvent
necessarily depends upon the nature of the material under
treatment. In some few cases water will be sufficient ; but
in the majority acids are required. Sometimes advantage
will be derived by first extracting all that water will dis-
solve, and then applying acids to the residue. In speaking
of the minerals, &c., which require solution for their assay,
the most appropriate solvents will be pointed out. In all
cases heat promotes solution.

Solution is best effected in glass flasks ; clean Florence
oil flasks are very appropriate for most purposes. They
may be supported on a hot sand bath, or on a metal ring
or coarse wire gauze, over the naked gas or spirit- flame.
The flask should then be placed in a sloping position, so
that when the liquid boils or effervesces from the escape of
gas, the drops spirted up may strike against the sloping
side, and run back into the liquid instead of being thrown
out of the mouth.

A porcelain dish may also be used, although from the
great surface exposed these vessels are more appropriate
for evaporation than solution. Beakers may likewise be
employed, but they should be covered over with an in-
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verted funnel sufficiently large to rest within the top edge
without slipping down more than about half an inch ; or
a large watch-glass or dial-plate turned concave side up-
wards may be used as a cover. Both the funnel and dial-
plate serve the double object of keeping out dust and
preventing loss of the hquld by projection of fine drops
during ebullition.

In many cases solution of the whole or part of a
mineral must be preceded by its fusion at a high tempera-
ture with sodium carbonate, nitre, or some other flux.
The fused mass must then be well extracted by boiling
water, when the residue will usually be found soluble in
hydrochloric ‘or other acid. Special instructions in this

Fra. 15. Fie, 16, method of eflecting solu-
tions will be given in those
cases where it is necessary.

Where it is necessary
to manipulate in acid or
other solutions, the glass
and platinum forceps de-
scribed by David Forbes,
FR.S., in the ¢Chemical
News ’ for October 2, 1868,
will be found useful.

The accompanying
woodcut, Fig. 15, shows
them in front and side
view, and will require but
little explanation. They
are made as follows : an
ordinary pair of strong
surgical forceps are taken
and the points cut off; a
small piece of sheet brass,
! bent into a cylinder,. is
U \ U then soldered to each arm

as shown at'a ; these cylin-
ders being formed by merely bending the brass round, so
as to leave an open slit about one twentieth of an inch
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wide in front. Two glass rods, such as are used for
stirrers, as long as the glass arms of the forceps are in-
tended to be, and just as thick as will enter these brass
cylinders when pressed with some force, are rounded by the
blow-pipe at the one end, whilst the other, when softened,
is somewhat flattened between the glassblower’s pliers, as
seen in the woodcut. In order to complete the forceps it
is now only necessary to push each of these rods into its
corresponding brass cylinder or socket, the longitudinal
slits of which, by imparting a certain amount of elasticity
to the sockets, cause them to grasp the glass rods firmly,
and retain them without any cement or other fixing. The
relative lengths of the arms are easily adjusted by slipping
one rod more or less forward, whilst the points can be
made to hold and meet accurately, by rubbing them down
on a piece of sandstone.

Such forceps may, of course, be made to any convenient
size ; the one figured in the woodcut is drawn to exactly
half-size, and is found to be of very useful dimensions for
general analytical work, especially when manipulating in
nitro-hydrochloric acid, nitrate of silver, and other solutions
which would have acted upon metals, horn, ivory, &ec.

Fig. 16 represents another convenient form of forceps,
also drawn to one half the real size, with long platinum
points soldered to the steel body at a; these have been
also found of great service in general laboratory operations,
especially when hydrofluoric acid is in question.

Distinration.—There are two distinct classes of this
operation : in the one, liquids are submitted to experiment
with the object generally of separating them from sub-
stances which are non-volatile, and will consequently be
left behind when the liquid comes over. Belonging to
this class may be mentioned the distillation of nitric acid,
the preparation of distilled water, and the separation of
mercury from gold and silver amalgam. In the other
kind of distillation, which goes by the name of dry distil-
lation, solid bodies, as wood, coal, &c., are subjected to
heat in order generally to ascertain the amount of gas or
other volatile matter given off in the course of an experi-

E
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ment, from a certain quantity of the coal or other sub-
stance operated upon. %
In liquid distillation (as in the purification of nitric
acid, &c.), retorts are used. The best form for general use
Fre. 17. is that which is furnished
with a stopper at the upper
part of the body, a (fig.
17), through which the
liquid is introduced ; the
neck of the retort is then
placed in that of areceiver,
b, 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, ¢, the shaft of which is partially plugged up with
cotton wool. Heat is then applied to the retort, and as
‘much of the liquid as is desired is distilled over into the

Fia. 18,

receiver. It is advisable not to fill the retort more than
two thirds full, and to apply the heat at first very gently,
otherwise there is a risk of breaking the vessel.

A more convenient form of apparatus for distillation
and condensation is shown at fig. 18, in which a Liebig’s
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condenser is attached to the retort. Fig. 19 will show
the construction of the condensing apparatus. The cold

Fia. 19,

water passes into the funnel above, is conveyed at once
to the lowest end of the condenser, whilst the heated water
passes off by the upper tube.

Distilled water is a most important agent in the labora-
tory ; and, as much is needed, it is better to have a still

Fra. 20,

specially adapted for its production. Such a one is de-
picted at fig. 20, 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. 25, p. 63); C thestillhead ; D £
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.
E 2
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“In the dry distillation of bodies, earthenware, glass, or
iron retorts are employed ; but for small operations a tube
of wrought-iron, about one inch internal diameter, and
plugged at one end, is found to be a convenient 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
may be collected by the aid of the pneumatic trough.

‘Susrimarion.—This operation is a kind of distillation in
which the product is obtained under the solid form. The
apparatus which may be employed for this purpose are
tubes, flasks, capsules, .or crucibles. Florence flasks are
exceedingly useful ; they may be sunk in a sand-bath, and
the sublimed substance received directly into another flask,
or by passing through an intermediate tube. Sometimes,
however, it is difficult to entirely remove the sublimed sub-
stance ; and in order to avoid this inconvenience, Dr. Ure
has proposed the following very excellent subliming appa-
ratus : 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.

ScorrrrcaTioN—CuPELLATION.—These operations will be
described under the head of Silver Assay.
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CHAPTER IV.
PRODUCTION AND APPLICATION OF HEAT.

Fur~aces for assay purposes may be heated either by solid
fuel, oil, or gas, and they may be divided into wind and
blast furnaces. In the former the fire is urged by the or-
dinary draught of a chimney, and in. the latter by means
of bellows or artificial blast. We shall commence with the
former, as they are in most common use. They are of
various kinds, according to the purposes for which they are
required. The three principal kinds are those for fusion,
calcination, and cupellation. Coal, coke, and charcoal
are the fuels employed, and the merits of each will be par-
ticularly discussed. Blast furnaces are only employed for
the purpose of fusion, although their forms are various;
charcoal and coke are the fuels most in use, but oil and gas
blast furnaces are used in small laboratory operations, and
for many purposes they are preferable to other furnaces,
on aceount of -their freedom from dust and dirt, and the
perfect control the operator possesses over the heat.

Furnaces consist of certain essential parts—viz. first,
the ash-pit, or part destined to contain the refuse of the
combustible employed ; secondly, the bars on which the
fuel rests ; these are sometimes made movable, or-are fixed
to a frame; the former arrangement is more convenient,
as it allows clinkers and other refuse matters to be readily
removed ; thirdly, the body of the furnace in which the
heat is produced and lastly, in Wmd furnaces, the chimney
by which the heated air and Eacuit products of combus-
tion are carried off.

CarciniNg FUrRNACE. -—Calcmma furnaces are.small and
shallow, because a high temperature is not required. They
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may be made square or. circular; the former are most
readily constructed, and, 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 pos-
sible consumption of fuel, and are to be preferred on that
account where one crucible only is to be ignited.

The body of the furnace is best made with good bricks,
lined with Welsh lump, fire-bricks, or a mixture of Stour-
bridge 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 brickwork from blows with crucible
tongs, &c., and to keep it in its place when disturbed by
sudden alterations of temperature. The bars of the fur-
nace may be either in one single piece, or made up of
several bars of iron fastened to a frame. They ought to
be as far as practicable from each other, and must not be
too large, although large enough not to bend under the
weight of the fuel and crucibles 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 pro-
duced in the furnace ; very simple assays occasionally fail,
only because the bars are either too large or too close
together. v

- Camuney.—Calcining furnaces generally have no fixed
chimney, but are covered with a movable one when a
greater degree of heat is required. This chimney may be
about five feet high, the diameter of the furnace at the
bottom, and tapering off to about two thirds of that dia-
meter at the top. It is'made of strong plate iron, fur-
nished 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 arrange-
ment of the chimney, and consequent cooling of the con-
tents of the furnace.

If, during the course of any experlment noxious or
offensive vapours are expected to be given off, the furnace
must be so arranged that they may be introduced into a
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flue, by fastening a piece of iron plate pipe, furnished with
an elbow joint, on to the movable chimney before spoken
of.

EvaroraTiNg Furnaces.—The furnaces just described
answer exceedingly well in the absence of gas, for heating
small flasks, evaporating basins, &c., when surmounted by
a tripod stand or sand-bath. This is necessary, as many
assays by the dry way are preceded and followed by cer-
tain operations in the wet way.

Tre Hoop.—In order to prevent certain gases or va-
pours from fires, evaporating basins, &c., from entering
into the laboratory, a large metal covering, termed a hood,
is employed, terminating in a chimney having a good
draught. It is best made of plate or galvanised iron.

Fuston Furxace—Winp Furvace—The wind furnace,
properly so called, is a furnace provided with a chimney,
and 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. When the furnace is required to hold but one
pot, it may, however, 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 temperature 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 in-
stance, a mould of wood is placed in the centre, and the
open space between the surface of that and the outer brick-
work 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 bemg 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.
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By using a mixture of 1 part of refractory clay and 3 to
4 parts of sifted quartz sand, no cracks are formed during
desiccation. This mixture is used on the Continent for the
interior fittings of Sefstrom’s blast furnace, as well as for
larger blast furnaces for manufacturing purposes. It is
said to stand a high temperature exceedingly well.

Makins * recommends for small furnaces the second
kind of bricks, known as Windsor, or in the trade P.P
bricks. ¢These are of a red colour, very siliceous, but soft,
easily cut and shaped, and yet standing heat very well.
The best method of cutting them is by a piece of zinc
roughly notched out as a'saw, and then the more accurate
figure required may readily be given them by grinding
upon a rough flat stone. In this way the small circular
furnace formerly made by Newman, and sold by him as
his “ universal furnace,” is lined by cutting the bricks with
care to the radii of the circle they are to form, when they
key in, like an arch, and so need no lining whatever.’

TrE Asm-PIT is an open space under the bars, which
serves as a receptacle for ashes, clinkers, &c., produced
during the time the furnace is in use. It should have the
same area as the furnace, and be completely open in front,
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 when desirable, and fuel
saved which would otherwise be burnt in waste.

On the one hand, it is well to have the power of cut-
ting 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 necessary to
furnish the ash-pit with doors, or valves, whereby the
quantity admitted may be regulated as desired. It is ad-
vantageous to lead the air to the ash-pit from a deep and

i MakmssMetallng,p (Sl ki ot
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cold place, by means of a wide pipe. A chimney of less
height will then be required.

Tee Bars are made in one piece, or are made up of
movable pieces of metal; the 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.

Tae 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,

Fia. 21.

the stronger is the draught; so that, by giving it a great
elevation, exceedingly high temperatures may 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
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refractory crucibles, by means of a chimney from thirty-
six to forty feet high.

Chimneys are generally made square or rectangular,
and have interiorly the same dimensions as the body of
the furnace. About two feet above the upper part of the
furnace they 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 repre-
sented by fig. 21. i

The left-hand figure in 21 is the plan, the middle and
elevation, and the right is a sectional view. 4 the body
of the furnace in which the erucibles to be heated are
placed, G the bars, and P the ash-pit; the cover is formed
of a thick fire-tile of the requisite size, firmly encircled by
a stout iron band, and furnished with a handle for con-
venience in moving it; B the flue, C the chimney, R the
damper ; H a hood over the furnace, supported by iron
bands /4 & A ; M the handle of a ventilator 7}, 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 fireplace of the furnace is a good and convenient
size ; the remainder will then be in proportion.

Brasr 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 it is
not so powerful.

The quantity of air passing into a furnace varies with
the length of the assay, and ought to increase gradually
as the temperature becomes higher.

The following is the description of a most excellent
blast furnace which has been in usé for some years in the
laboratory of the Royal Institution: The temperature
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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 application. The exterior (fig. 22) consists
of a black-lead pot, eighteen inches in height, and thir-
teen inches in external diameter at the top; a small blue-
pot of seven and a half inches external diameter at the top
has the lower part cut off sa as to leave an aperture of
five inches. This, when put into the larger part, rests
upon its lower external edge, the tops of the two being
level. The interval between them, which gradually in-
creased from the lower to the upper part, is filled with
pulverised glass-blowers’ pots, to which
enough water has been added to moisten
the powder, which is pressed down by
sticks, so as to make the whole a com-
pact mass. A round grate is 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
beneath it, therefore, constitutes the air-
chamber, and the part above, the body
of the furnace. The former is 74 inches from the grate
to the bottom, and the latter 71 inches from the grate to
the top. Finally, a longitudinal hole, conical in form, and
1} inch in ‘diameter in the exterior, is cut through the
outer pot, forming an opening in the air-chamber at the
lower part, its use being to receive the nozzle of the bel-
lows by which the draught is thrown in.

Sefstrom’s blast furnace, obtainable at most chemical-
instrument makers, is also very powerful and convenient;
it consists of a double furnace. It is made of stout sheet-

* Faraday.
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iron, lined with fire-clay, and is used with coke, or char-
coal and coke, broken into pieces of about a cubic inch in
size. The blast of air is supplied by a powerful blowing-
machine.” It will readily produce a white heat. "Indeed
the limit to its power seems to be the difficulty of finding
crucibles or interior furnace fittings which will stand the
temperatures produced in it without softening. Kersten
states that he increases the heat in Sefstrom’s blast furnace
by using a hot blast.

H. Ste-Claire Deville has employed for melting platinum
a furnace of 30 centim. height, and 28 centim. wide, which
rests upon a cast-iron plate full of holes. This is connected
with a forge bellows. After blowing for a few minutes,
the temperature of the furnace will have reached the
highest possible degree, but this zone of maximum heat
only extends to a small height above the bottom of the
furnace. Above this point a considerable quantity of car-
bonic oxide gas is formed, which burns with a very long
flame. The heat produced in this furnace is so high that
the best crucibles melt, and only crucibles made of good
and well-burned lime can be used.

Tae Murrie or CupEL FurNAcE is a furnace in the centre
of which is placed a small semi-cylindrical oven, which is
termed the muffle. These furnaces were in use as early
as the thirteenth century. Thelr constructlon and dimen-
sions depend—

1. On the temperature which the furnace 18 mtended
td produce ; rep

2. On the number of cupellatlons requlred to be per-
formed at one time; and :

3. On the kind of Fuél 07 be hsed :

' The muffles are mostly made of refractory clay, gene-
rally of one piece, but it i$ best to make them of two pieces ;
the bottom being one, and the cover or vault the other.

Muffles are sometimes made of cast-iron, cast in one
piece. - They are useful in small furnaces intended for
cupellations only. =

-Muffle furnaces must always be pr0v1ded w1th a good
chlmney to carry off the hot gases.
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The muffle, being completely surrounded by ignited
fuel, acquires a very high temperature, and in its interior
all operations requlrmtr the presence of air, and which
cannot be carried on in contact with carbonaceous matters,
may be performed—such as roastmgs, scorifications, 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 in
these when only a few cupellations are required. This
has occasioned many persons to endeavour to form small
furnaces, where one or two cupellations may be carried
on with the smallest possible quantity of fuel.

MM. Aufryé and d’Arcet have contrived a furnace
which is capable of fulfilling all these conditions.

The furnace is elliptical, 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 is 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 plu ; and lastly, there are two round
holes, placed in its largest diameter, to facilitate the in-
troduction of air, cither by draught or a pair of bellows,
as the case may require. The support for the fuel is
generally 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.

The dome of the furnace has a circular opening, which
can be closed by a plug of earthenware; this opening
serves for the introduction of the fuel. A chimney is
necessary to increase the draught ; itismade 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
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intended to place the new cupels, so that they may be
strongly heated before introduction to the mufﬁe This
saves many of them from fracture,

MM. Aufryé and d’Arcet have estimated the quantlty
of charcoal necessary to heat this furnace. The following
are comparative experiments :— ’

Silver TLead Time Standard Charcoal
employed, employed, of assay, used,
No. grains grains minutes thousandths grains
1 1 4 12 947 173
2 1 4 11 950 86
3 ik 4 13 949 - 93
4 1 4 10 949 60

Coke or charcoal may be used in this furnace, but the
fire must be lighted by means of charcoal alone, as cokeis
very difficult to inflame in a cold furnace. © When it is red-
- hot it may be fed with coke, 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 :—

Fig. 23 shows an elevation of the furnace; fig. 24
shows a section. The interior of the furnace is of fire-
brick ; the exterior, of 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 dia-
gram, can be entirely closed by means of two sliding doors,
made of sheet-iron, Tunning in a stout wrought-iron frame,
built into the brickwork. Immediately below the mufile
entrance are two movable 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. In fig. 24 is shown a brick built into the
back of the furnace, on which the close 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.

‘A very useful furnace for small operations is one which
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is lined with fire-brick, not cemented togéther, but ground
and keyed as an arch, so that it can never fall out till it
is completely useless. TIts height is about 2} feet and
diameter 1 foot ; internal diameter 8 inches and depth of
fireplace 11 feet. 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, where basins can be placed
either for the purpose of evaporation, calcination, or
roasting. The two opposite holes serve for the introduc- -
tion 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 can be placed a muffle for roastings and cupellations,
introducing fuel and crucibles by the upper one; it also
serves as an opening through which the state of the fur-
nace 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.

FURNACE OPERATIONS.

Crucibles must be carefully supported in the fire, and
must always be covered. 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 fuel. If a crucible
is supported on the grate-bars of a furnace, the draught
of cold air will prevent the bottom from getting hot. If
it is supported on the fuel, the bottom gets heated quickly,
but the fuel on burning away allows the crucible to fall
down, and may cause the loss of the contents. For these
reasons a crucible should always be supported on a piece
of fire-brick about three or four inches high. In many
cases an old crucible inverted will serve as a convenient
support. The fire must be got up gradually, so as to
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prevent the sides of the furnace and the crucibles within
from cracking from the sudden increase of heat. No time
is saved by urging the fire strongly at first, for crueibles
are bad conductors of heat, and a high temperature at
the commencement scarcely causes the heat to penetrate
to the interior faster than a moderate redness. After the
furnace has arrived at a full red heat, more air may be
given, and in from about twenty minutes to one hour
the assay will be finished. During the time that the fur-
nace is in full action, the cover must be occasionally re-
moved 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 on the
anvil or in a sand-bath, and allowed to cool gradually
before they are broken to examine their contents.

In commencing a second assay immediately in the same
furnace, certain precautions must be taken to insure
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 the fire,
and before that is ignited the crucibles must be arranged
upon the support and the spaces about them be filled with
coke or charcoal, as the case may be, and the assay be
proceeded with as before.

In executing many assays, one after the other, a great
saving of fuel is effected, for the furnace is not allowed
time to cool.

Avuxiuiary ArparaTUS.—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 combustion ; 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. 27)
are very serviceable for larger crucibles. The tongs a are
particularly adapted for removing large cupels or calcin-

F
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ing tests from the muffle ; the tongs 4 and ¢ are used for
lifting 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. Most
of the radiant heat from the interior of a furnace may be

Fi1a. 27.

cut off by holding before the face a large sheet of window
glass; or the operator may look at the reflected image in
a looking-glass, instead of looking direct into the furnace
itself. Some assayers recommend the use of masks. for the
face and gloves for the hands, but these are not needed.
In cupel furnaces, both curved and straight pokers or
stirring rods are required ; also a curved rod made of
lighter iron, to be used in closing the sliding doors, slightly
moving cupels, &c. The tongs used vary in form (see
fig. 28). .« represents very light elastic tongs or pincers

Fic. 28. -
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employed in the introduction of lead and other matters to
the cupel ; b shows the tongs for holding the scorifier;
the curved part fits the lower part of the scorifier, 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 opera-
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tor’s grasp ; ¢ represents the tongs used in moving cupels ;
they are slightly curved, so that the cupels from the back
part of the muftle may be removed without disturbing those

Fia. 29.

in front. Fig. 29 shows the plan and section of the ingot

mould, into which the contents of the scorifiers are poured ;

it is made of thin sheet iron, and the depressions for the

reception of the fused lead slag and ore are hammered out.
Fra. 30.

Fig. 30 is a wrought-iron ladle, in which lead eclippings,
&c., are melted, in order to obtain a fair average of a large
quantity ; and fig. 31 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.
Furnaces are heated with
anthracite, coke, and charcoal, and sometimes with a

F 2

F1c. 31.
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mixture of the two latter; coal is very seldom employed,
and therefore will not be much spoken of; coke is the
principal combustible used in assaying. Calcining fur-
naces ought to be heated with charcoal alone, because
coke employed in small quantities ignites and burns with
too much difficulty. All fuel contains certain fixed matters
which remain after combustion, and which constitute the
ash. This ash fuses or agglutinates 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 com-
bustibles do not contain the same amount of ash; they
should be carefully selected; those containing the least
are to be preferred, in the first place because, weight for
weight, they contain more available fuel, and secondly,
because they can be used in a furnace a longer time with-
out the formation of so much clinker. The composition
of the ash likewise merits much attention.

Charcoal contains, in general, from 3 to 4 per cent. of
ash, the chief components of which are lime and potash
carbonates, Certain other matters are also present, as
phosphorlc acid, iron oxide, manganese, &c., but these
are in very minute proportions. The ash is not fusible
per se, and, if it does 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 corrosive action on the bricks with which the furnace is
lined, as also on crucibles, lutes, &c., by the formation of
a fusible potassium silicate, 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, be-
cause it forms a species of varnish, which, penetrating the
surface 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 ; some commercial samples contain from 8 to 10
per cent., while others, made from very pure coal, give
but 2 to 3 per cent. ; so that this fuel also ought to be
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carefully chosen. The nature of this ash is different from
that of charcoal ; it consists principally of iron oxide and
clay. The former is produced from the pyrites which
coal generally contains. The clay is similar to the car-
bonaceous schists, not very fusible by itself, but neverthe-
less 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 iron oxide
predominates, and this by contact with the carbonaceous
matter becomes reduced to the state of protoxide, and is
then not only very fusible, but exercises on all argillaceous
matters a very corrosive action, so that 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
develops much more heat, because its density is greater.
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 at
high temperatures the difference has been proved to be
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 tem-
perature) depends on the amount of fuel burnt, and in-
creases with its weight; secondly, that combustion takes
place but at the surface of the masses, whatever may be
the nature of the fuel ; from which may be deduced, that
the weight of fuel burnt in an unit of time ought to be
exactly proportionate to its density ; and in consequence,
the densest fuels, 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 the maximum effect, a more
rapid and stronger current of air.

It is clear, from what 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
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be preferred to”charcoal, for assays requiring a high tem-
perature.

This being an important subject, it has been thought
advisable to devote a special chapter to the -assay of
fuel. .

A very essential condition in obtaining the maximum
effect of a furnace, the importance of which can alone be
appreciated by experience, is to choose 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 the
interstices, prevent the air from passing as required, and
consequently render the combustion slow. On the other
hand, 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 is
consumed in a given time; so that the maximum heat
can never be obtained. In order to produce the desired
result, it is necessary that the pieces shall have a certain
mean size, and experience has proved that pieces about
1 inch to 1l inch diameter produce the best effect.
These may be selected by sifting the coke through two
strong wire sieves, one of which has meshes about 11
inch square, and the other about 1 inch square. The
coke which passes through the larger ome, but will not
go through the smaller sieve, will be the right size for the
furnace.

Tue Errecrs ProDUCED BY WIND AND Brast FurNacEs.—
Assays by the dry way 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, ceteris paribus, large
furnaces produce more heat than small ones, because
comparatively less heat is lost by radiation in the former
than the latter.

'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,
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more or less, the force of the blast can be increased, and,
in consequence, the temperature to a considerable 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 producible 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 more rapidly than in a wind furnace; but
this is of little use, because, as heat passes very slowly
through 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 are acted upon, or even scarcely made warm.

Wind furnaces are, however, much 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 used in a laboratory, in cer-
tain 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, whether 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 intro-
duced 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 oxi-
dised, but the heat rapidly augments up to a certain
distance from the bars, at which place it arrives 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.
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In common wind furnaces the air enters through the
spaces between the 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, 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 crucibles
outwards, so that the substance submitted to assay can
cnly arrive at the maximum temperature after a length of
time, and the maximum then is always inferior to that in
the mass of fuel. It is on this account that assays in a
blast or wind furnace generally occupy from one hour to
two hours. The author has 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 is produced, but then there is danger
of the supporting fuel being burnt away from the crucible
and the latter getting upset.

OIL AND GAS BLAST FURNACES.

Tt sometimes happens that metallurgists and assayers
have occasion to melt metals at a white heat, but do not
wish to heat a large furnace for the purpose. In these
cases either the gas or oil furnaces now to be described
will prove very useful.

O Furvaces—Mr. Charles Griffin, the well-known
chemical instrument maker, has described an oil lamp,
which is not only as powerful in action as the best gas
furnaces, but almost rivals them in handiness and
economy.

DescrrerioN oF THE ApparRATUS.—The oil-lamp furnace
is represented in perspective by fig. 32, and in section by
fig. 83. It consists of a wick-holder, an oil-reservoir, and
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a fire-clay furnace; to these must be added a blowing-
machine for the supply of atmospheric air.

The oil-reservoir is represented at a, fig. 82; it is
made of japanned tin-plate, mounted on iron legs, and
fitted with a brass stop-cock and delivery-tube. Its
capacity is a little more than a quart. The wick-holder
is represented at b, and the upper surface of it by the
separate figure ¢, fig. 34. The wick-holder and the oil-
reservoir are consequently detached. d is a tube which
brings oil from the funnel ¢, and fis a tube to be placed

Fia. 32.

in connection with the blowing apparatus. The wick-
holder contains three concentric wicks, placed round the
multiple blowpipe ¢, which is in communication with the
blowing-tube.

The crucible furnace consists of the following parts,
shown in figs. 32 and 33 : ¢ is an iron tripod ; 4 is a flue
for collecting and directing the flame. The flue is of such
a width that when the wick-holder, b, is pushed up into
it until the top of the wick is level with the top of the
clay cone, there remains a clear air-space of about 1 inch
all round between the wick-holder and the cylindrical
walls of the flue. ¢ represents a fire-clay grate having
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three tongues, shown by ¢ (fig. 34), on its upper surface.
These tongues support the crucible, without stopping the
rising flame. £ is a fire-clay cylinder which rests upon
the grate 7, and incloses the crucible, forming, in fact, the
body of the furnace. Of this piece there are three sizes:
the smallest is of 8 inches bore, and ‘works with crucibles
that do not exceed 23 inches diameter; a middle size,
4 inches bore, for crucibles not exceeding 33 inches
diameter ; the largest size, 5 inches bore, for crucibles
not exceeding 4% inches diameter. This piece, being
heavy, is provided with handles, as represented in p,

fig. 34. The walls of the cylinders are from 1 inch to
14 inch thick. [is a flat plate of fire-clay with a hole in
the centre, used to cover the cylinder £, so as to act like
a reverberatory dome; m is a cover which prevents loss
of heat from the crucible by radiation, but gives egress to
the gaseous products of the combustion of the oil; n is an
extinguisher to put over the wick-holder when an opera-
tion is ended ; and o is a support for the \Vlck holder. No
chimney is requlred

ManaGEMENT oF THE OIL-LAMP FURNACE. -—The apparatus
is to be arranged for use as it is represented by fig. 32.
The cylinder, £, is to be selected to fit the crucible, and
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the crucible of a size to suit the quantity of metal that is
to be melted : 1 lb. of iron requires the smallest of the
three cylinders, described above; 11 lb. the middle size ;
5 lbs. the largest size. The air-way between the crucible
and the inner walls of the cylinder should never exceed
4 inch nor be less than 1 inch.

The cotton wicks must be clean, and be trimmed a
little below the level of the blowpipe ¢. If properly
managed, they do not readily burn away, but can be used
for several fusions. The reservoir should be filled with
oil for each operation. The proper sort of oil for use is
the more volatile kind of mineral oil, of the specific
gravity of -750, which is now easily procurable at about
three shillings per gallon. The variety known by the
commercial name of turpenzine answers well. The com-
bustion of a quart of this oil, costing ninepence, gives
heat sufficient to melt 5 lbs. of cast iron. Probably the
lighter kinds of paraffin oil may be suitable. Liquids of
the alcoholic class, spirits of wine, and pyroxylic spirit
can be used ; but they are less effective and more expen-
sive than turpenzine. Care must be taken not to spill
the oil on the table or floor, and not to decant it carelessly
in the neighbourhood of a light, because atmospheric air
strongly charged with the vapour of these light oils is
explosive. When the oil is burnt in the furnace in the
manner described below, there is no danger. During an
operation, a wooden screen, as represented by the dotted
lines in fig. 32, should be placed between the oil-reservoir
and the furnace, to prevent the vaporisation of the oil by
radiant heat. As the wick-holder 4, and the supply pipe
d, contain only about one fluid ounce of oil, the oil must
run continuously during a fusion, from the reservoir a,
into the funnel ¢, in order that the cotton may be always
flooded. The success of the fusion depends upon the due
supply of oil, to which point the operator must pay atten-
tion. At the commencement of a fusion, the oil must be
run from the reservoir until the surface of the oil in the
funnel has a diameter of about an inch. The wicks will
then be flooded, and a light may be applied, and a gentle
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blast of air then turned on. The oil immediately sinks in
the funnel, and the stop-cock must be opened and so regu-
lated as to keep the oil barely visible at the bottom of the
funnel. If too much oil is supplied it immediately rises
in the funnel, and simultaneously overflows the wick-
holder. Too much vapour is then thrown into the fur-
nace, and the heat is immediately lowered, especially at
the beginning of an operation, before the fire-clay portions
of the furnace are well heated. If, on the contrary, too
little oil is supplied, the wicks burn, and the operation is
spoilt. The demand of the wick-holder for oil depends
upon the condition of the furnace and the character of the
fusion in progress. When the lamp is newly lighted and
the furnace cold, the oil should be passed slowly in distinct
drops; but as the furnace becomes heated the rapidity of
the supply of drops should be increased ; and finally, when
the furnace is at a white heat, the oil should be supplied
in a thin continuous stream. When the fusion to be
effected is that of only a small quantity of metal, such as
1 1b. of iron, a rapid supply of drops of oil is sufficient
even to the close of the operation. At that rate the
burner consumes about 11 pint of oil in an hour. When
the fusion to be effected is that of 4 lbs. or 5 1bs. of iron
and the large furnace is in action and has been brought
to a white heat, the supply of oil must, as stated above, be
in a thin continuous stream, and the operation will then
consume two pints of oil in an hour. And here it requires
remark that, with that continuous supply, when the fur-
nace is large and is at a white heat, the oil does not rise
in the funnel, being instantaneously converted into gas at
the mouth of the burner, and thrown up in that state into
the furnace for combustion. The operation, indeed, con-
sists at that point of a rapid distillation of oil-gas, which
is immediately burnt, in the presence of air supplied at a
suitable pressure by a dozen blowpipes, in effective contact
with the crucible to be heated.

The flame produced in this furnace is as clear as that
produced by an explosive mixture of air and coal-gas. It
1s perfectly free from smoke, and the consumed vapours
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which occasionally escape with gaseous products of a com-
bustion, are even less unpleasant to smell and to breathe
in than are those which are usually disengaged by a blast
gas furnace, or by an ordinary lamp, fed with pyroxylic
spirit.

The contents of a crucible under ignition in this furnace
can at any moment be readily examined, it being only
necessary to remove the pieces / and m with tongs, and
to lift the cover of the crucible, during which the action
of the furnace need not be interrupted.

When the operation is finished, the blast is stopped,
the stop-cock is turned off, the oil-reservoir is removed,
the wick-holder is lowered on the support o, withdrawn
from the furnace, and covered with the extinguisher z.
The quantity of oil which then remains in the lamp is about
one fluid ounce.

Power oF THE O1i-namp FurNace.—The furnace being
«cold when an operation is commenced, it will melt 1 1b. of
«cast iron in 25 minutes, 14 1b. in 30 minutes, 4 lbs. in 45
minutes, and 5 lbs. in 60 minutes. When the furnace is
hot, such fusions can be effected in much less time ; for
example, 1 1b. of iron in 15 minutes. It need scarcely be
added that small quantities of gold, silver, copper, brass,
German silver, &c., can be melted with great ease, and
that all the metallurgical and chemical processes that are
.commonly effected in platinum and porcelain crucibles can
be promptly accomplished in the smallest cylinder of this
furnace ; and in the case of platinum vessels, with this
special advantage, that the oil-gas is free from those sul-
phurous compounds the presence of which in coal-gas fre-
quently causes damage to the crucibles.

Requisite Browine Power.—The size of the blowing-
machine required to develop the fusing power of this oil-
lamp furnace depénds upon the amount of heat required
or the weight of metal that is to be fused. For ordin-
ary chemical operations with platinum and porcelain
crucibles, and even for the fusion of 1 lb. of cast iron in
clay or plumbago crucibles, a blowing power equal to that
of a glass-blower’s table is sufficient, provided the blast it
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gives is uniform and constant. But the fusion of masses
of iron weighing 4 or 5 lbs. can be effected by the gas
which this oil-lamp is capable of supplying, provided a
sufficiently powerful-blowing-machine supplies the requi-
site quantity of air. 'When more than a quart of oil is to
be rapidly distilled into gas, and the whole of that gas is
to be burned with oxygen, it is evident that effective work
demands a large and prompt supply of air.

As in all practical matters of this sort the cost is a
main question, it may be useful to state that the price of
this apparatus complete, without the blowing-machine, but
including every other portion necessary for heating cruci-
bles up to the size sufficient to fuse 1 1b. of cast iron, is one
guinea ; and that with the extra furnace-pieces for cruci-
bles suitable for 6 lbs. of iron, or any intermediate quantity,
the cost is one guinea and a half.

Mr. Griffin has described before the Chemical Society
an improved gas furnace for chemical operations at a white
heat without the aid of a blowing-machine, and a new
method of supporting crucibles in gas furnaces. The fol-
lowing extracts from his paper are taken from the Journal
of the Chemical Society :—

“ On a former occasion I introduced to the notice of
the Chemical Society a gas furnace for operations at a
white heat in crucibles, or a copper-melting heat in muflles.
A detailed description of that furnace is given in the
Journal of the Society for August 1870. The crucibles
are either suspendedin a pierced plumbago cylinder, or
supported on a trivet grate, both of which are liable
to break when white hot, and therefore cause trouble
and expense. Crucibles vary so much in form and size
that they are often not suspended from these cylinders
exactly in the focus of the heating power. Trivet grates
have the disadvantage that they interfere with the direct
action of the flame upon the crucible, and if made slightly
they break when heated to whiteness. I desire now to
place before you a new form of burner by which these
defects are remedied. In the new burner the circle of gas-
jetsis enlarged so as to leave a space round the central.
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jet. An atmopyre similar to those used in Hofmann’s
combustion furnace, but of greater bulk and strength, is
dropped over this central jet, and forms a solid support
for the crucible. This support- does not readily break,
but, should an accident happen, it can be replaced at the
cost of a few pence. It brings the bottom of the crucible
exactly into the focus of heat, and itself supplies a portion
of the heating power of the burner. It also enables one to
use any crucible at hand, independent of its form or size.
A strong lateral arm cast on the body of the burner sup-
ports an upright iron rod, which carries the chimney of
the furnace. By prolonging the legs of the burner up-
wards they are made to carry the clay furnace, and thus,
by doing away with a stool or other support, the con-
struction is simplified and the cost lessened. A plumbago
cylinder, to deflect the flame and entrap the heat, is placed
round the crucible, and is covered with an ordinary
crucible cover, by removing which the crucible can be
inspected. These fittings, however, present nothing new,
being adapted from Griffin’s blast gas furnace, which was
introduced sixteen years ago. Access to the crucible in
the furnace is gained by turning aside the chimney and
lifting the top plate of the furnace, which is provided with
handles for this purpose. These handles do not become
very hot, even when the furnace is at a white heat. The
power of these new burners is very remarkable, one of
small size consuming only 20 feet of gas per hour, and
having a chimney 4 feet high, being capable of fusing half
a pound of cast iron in 35 minutes from the time of lighting
the gas; or of melting gold, silver, or copper in crucibles
placed within a muffle measuring 5 inches long by 3 wide.
If a chimney 6 feet high be employed, cast iron can be
melted in crucibles placed within the muflle. A burner of
larger size, consuming 40 feet of gas per hour, will melt
cast iron in crucibles placed within a large muflle measuring
8inches long by 4 inches wide. In the crucible furnace
it will melt 1 1b. of cast-iron in 35 minutes, 2 1lbs. in
45 minutes, 3 1lbs. in 55 minutes, and 4 lbs. in 65
minutes, from the time of lighting the gas. It is thus
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seen that, when a white heat has been once obtained,
10 minutes’ time is required for the fusion of every
additional pound of iron. These results, attainable with
certainty and rapidity, are, I believe, the highest that have
hitherto been placed at the command of the chemist. Asin
my former furnace, the proper admixture of gas and air
is judged of from the colour and quantity of flame which
passes up the chimney. To enable the operator to see
this flame, three small holes are bored in the chimney.

Fia. 36..

The flame is not seen at the upper hole, unless the supply
of gas is too large, but it is always visible at both the
lower holes.” :

In the above figure the muffle is provided with a small
draught flue, having a regulating cap on its upper end.
In the small furnaces this is omitted, and the muffle is
slotted in the usual manner. The cover of the furnace is
now made without the zigzag opening in the roof. The
burner of the muffle furnace is the same as that used in
the crucible furnace, fig. 39.
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Skittle pots up to 8 inches can be used in these furnaces
for collecting and burning waste with fluxes, &c., and in
much less time than is required by a coke fire. An 8-inch
pot can be worked in half an hour from lighting the gas.
Two of the outer cylinders are used, placed one on the
top of the other.

Fia. 37.

With a 4-foot flue the muflle furnace melts gold, silver,
and copper ; with a 6-foot flue it melts cast-iron placed in
crucibles within the muffle. The consumption of gas is 20
cubic feet per hour.

G
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The Distillation of Pure Zine, per descensum, can be
performed in one of these gas furnaces by passing a tube
from the top of the cruc1ble downwards through the
burner to the table.

Tig.- 87 shows one of Griffin’s extra lalge gas fur-
naces, capable of raising a No. 12 plumbago pot, measur-
ing 8 inches high by 6 “inches wide, to a white heat. The
cover of this furnace is let into the body, which rises higher
“than in the smaller patterns, and from which the flue passes
off laterally to a standing flue or other house chimney.

UniversaL Gas Furnace.—Mr. Thomas Fletcher has de-
vised what he terms a universal gas furnace ; it works with-
out blast, for crucible operations, up to a clear white heat.

The specialty of this furnace is the burner. It is as
simple and easy to use as an ordinary Bunsen’s burner, but
the flame is solid to the centre, unlike the flame of every
heating burner which has previously been made. The
open flame will readily fuse a coil of thick copper wire,
and to make a crucible furnace it simply requires a support
for the crucible, and a fire-clay jacket to prevent radia-
tion, as the flame is in itself perfect, and requires no
blowing or attention in any way, The furnace is so small
and light that it can be used on the work-
bench, and put away on a shelf, and can
be used on a sitting-room table without
the slightest dirt or inconvenience. The
body of the furnace is only 6 inches in
diameter.

THE SINGLE-JACKETED ARRANGEMENT,
shown in section, fig. 38, is capable of
melting & or 6 oz. of gold in 15 minutes
with a 10-inch chimney, or in 10 minutes
with a 2-ft. chimney. With the ladle-
holder it will melt 8 1bs. of zinc in 15
minutes, without chimney, in an ordin-
ary iron ladle, and " lead tln &c., in- a proportionately
shorter time. & al

"TeE DOUBLE-JACKETED CHEMICAL Furnace, shown in
section, fig. 39, having the same burner as above, and
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Tequiring.no more gas, will melt 3 or 4 oz. of cast-iron
in 35 minutes, if used with a 3-ft. chimney, or, if with a
longer chimney, in a proportionately shorter time, and
will give any required temperature in proportion to the
length of chimney used, provided the gas is turned on
sufficiently just to cover the crucible Wlth flame when the
chimney is in its place.

In. case of the fusion of a crucible, or its penetration
by fluxes when the furnace is used for extremely high
temperatures, no damage can be done .to the furnace,
except perhaps the destruction of a few of the burner

Fia. 39. ' Fia. 40,

tubes, which can be replaced at a trifling expense. No
part of the furnace is liable to 1nJury with constant use
The burner is shown in plan in fig. 40. - The lower
part is a chamber 6 in. x 3 in., open at the bottom, in
which the gas is partially mixed Wlth air. This mixture
is conducted to the top of the burner through a mass of
fine tubes, 55 in number, with an arrangement to supply
between each exactly the amount of air necessary to
consume it instantly. A flame produced by this means,
consuming 20 feet of gas per hour, is only about 2 inches
high, and almost colourless. The whole of the available
heat is generated in the proper place, viz. below the
object to be heated, which, therefore, is not also cooled
by the passage of unburnt gas and air. The flame is very
similar in appearance to a mass of blowpipe jets, and has

¢ 2



84 FLETCHER'S GAS FURNACE.

the same heating power. The point of greatest heat
commences, as with a blowpipe, at the point of the blue
cones, about 1 in. or £ in. above the tubes.

The Double-jacketed Chemical furnace is made to
take crucibles not exceeding in size No. 00 of the Plum-
bago Crucible Co., which are the most convenient for
melting quantities not exceeding 6 or 6 oz. of gold, &ec.

For crucibles put the flat plate 4 (see fig. 38) over the
centre of the burner, with the three inner projecting
points upwards. Place the crucible on the projecting

oints. Be careful that the points are upwards, or the
crucible will be too low. Light the gas, and then put on
the large fire-clay ring B, to surround the crucible, which
must be exactly in the centre of the opening: then the
small fire-clay cover, with the iron tube upward, C, and
the chimney if used. The gas must then be turned very
gradually down until the white part of the flame dis- -
appears, and the flame covers the crucible. If the supply
of gas is mot sufficient, it will be found necessary to
examine the tap which supplies the gas, many of which,
as supplied by gasfitters, are exceedingly faulty, and par-
tially stopped up. If this be the case, the tap should be
replaced by a better one. The furnace requires supply
from a ¢ or % in. pipe. If a larger crucible be used
than .the one supplied, an extra fire-clay ring must be
obtained of the same proportionate width, and half an
inch higher than the top of the crucible.

When a white heat is required, the crucible must be
covered with the inner perforated plumbago dome, as
shown in fig. 45, and which forms the inner jacket, with
the perforations in such a position that the crucible can
be seen through the holein the lower part of the chimney ;
a chimney not less than 3 feet high must be used. If a
greater heating power 1s required, a longer chimney will
enable it to be obtained in the same or a shorter time, but
under all circumstances the flame must just cover the
crucible to obtain proper results.

Where the gas supply is more than necessary, a longer
chimney may be used with advantage, but as the furnace
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itself is too small and light to form a steady support for a
longer chimney, it will be necessary to suspend the upper
part with a wire, or to support it with a bracket from the
wall. The furnace requires the following supply of gas:
‘Without chimney, 18 cubic feet; with 10-inch do., 22
cubic ft. ; with 36-inch do., 28 to 30 cubic ft. per hour.
If the gas supply is deficient, the wire should in all cases
be removed from india-rubber tubing, as it interferes
seriously with the passage of gas.

The addition of the small muffle (E, fig. 41) for high
temperatures makes this furnace complete for all purposes.
The clear working space, which is equally heated in every
part, measures 21 x 23 x 2L in. It
will be seen from the engraving that
the muffle is not in contact with the
outer casing in any part, and therefore
all parts are equally heated. The tem-
perature obtained depends on the length
of chimney used, provided the gas sup-
ply is sufficient to cover the muflle with
flame when the chimney is on. For
silver assays about 4 feet of chimney
should be used, which gives the melting
point of fine silver in 16 minutes from
the time the gas is lighted; the same
temperature being always obtained in exactly the same
time, within a few seconds; and after the first trial the
operation does not require Watching With this furnace
there will be found no variation in a number of assays
done at different times.

A chimney of about 6 or 8 ft. gives nearly a clear
white heat in 30 minutes, and for special operations
requiring very high temperatures a longer chimney may
be used as required. A chimney or stove pipe 10 or 12
ft. long may be used as a fixture, and the draught par-
tially stopped with a damper or slide when lower tempe-
ratures are required, the gas being turned down in pro-
portion ; the guide for the proper adjustment being that
under all circumstances the flame must just cover the

F1e. 41.
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muffle, but must not extend into ‘the chimney so as to
make it red hot. A

It will not be found neécessary in practice to partially
close ‘the chimney for lower temperatures, as the same
effect may be produced equally well by simply turning the
gas lower ; but it is more economical to partially stop the
draught, so as to prevent excess of cold -air being drawn
in. When the flame covers the muflle, the gas is doing
its extreme duty under the most favourable circumstances,
without waste. The same rule applies also to the crucible
arrangement. Particles of flux should not be allowed to
fall on the fire-clay casing, where the parts touch each
other ; and the power of the furnace should not be urged
too far by the use of very long chimneys, as there is
danger of the fusion of the fire-clay parts together so that
they cannot be separated. Fire-clay fittings, as a rule,
cannot be safely used for temperatures much exceeding
the fusing point of cast iron.

Mr. Fletcher has recently brought out a new melting
arrangement for melting up to 3 oz of gold or silver,
rapidly, without the use
of a furnace.

The figure (42) is
slightly under half-size.
In this arrangement the
two parts of the ingot-
mouldslide on each other,
to enable ingots of any
width to be cast. And
the blowpipe is part of
the rocking-stand. Con-
nect the blower to the
upper tube, and the gas
j to the lower. When the
metal is melted in the
shallow crucible of com-
pressed charcoal, tilt the
whole apparatus over so as to fill the ingot-mould. A
sound ingot can be obtained in about 2 minutes. - Very

Fia. 42,
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bulky scrap should be -run into -a mass in’one of the
moulder carbon-blocks before being placed in the cru-
cible. No flux must be used with the charcoal crucibles.’

Mr. Fletcher has also devised an injector gas furnace
(fig. 43)for metallurgists; jewellers, chemists, 1ron,brass,and
nickel castings, manu-
facturers of artificial
gems, and other pur-
poses where an ordin-
ary furnace is useless
or unreliable.

It has been found ARcHeck
that in working at ex- ar @ Z=us
tremely high tempera-
tures, the ring which
holds the gauze is
liable to be fused. To prevent this, a new burner has been
designed, in which the ring is entirely dispensed with, and
the gauze cap is pushed up from the back of the burner
against a small shoulder inside the nozzle of the burner.
The burner is in one casting, and therefore there is no
tendency for the nozzle to get hot, as in the former pat-
tern. See that the gauze is pushed up from behind to
within about 1 inch of the nozzle. The power and speed
of working are practically without limit, depending only
on the gas and air supply, and are under perfect control.
With J-inch gas-pipe and the smallest foot-blower, the
small furnace will melt a crucible full of cast-iron scrap
in 7 minutes; and steel in 12 minutes, starting with all
cold. {1 ' " 5% o

To adjust a new furnace to its hmhest power, put
the nozzle of the burner tight- up aO'amst the hole in
the side of ~the casing, turn on. the full gas-supply,
with the air-way full open. If the flame comes out of
the lid. about 2 inches the adJustment 18, right. « If. the
flame is lonoer, enlarge the hole in the air-jet until the
proper flame is' obtained, or reduce the gas-supply; if
smaller, or not v151ble, turn the air- check untll the flame
appears. - &

Fie. 43.
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Keep all fluxes away from the furnace jacket. Before
stopping the blower, draw the burner back from the
hole. Commence blowing before the lid is put on the
furnace. :

The old pattern blower is liable to pick up dirt from
the floor, throwing it against the gauze of the burner, and
stopping the proper working of the furnace until cleared
away. A thin layer of silver sand on the bottom will
prevent crucibles adhering when at a white or blue heat.
Crucibles must be heated very slowly the first time they
are used, unless of the ¢ Salamander ’ brand.

In cases where gas cannot be obtained, Mr. Fletcher has
devised a simple furnace (fig. 44) for high temperatures,

working with either gas or spirit-petroleum without altera-
tion, and with perfect results with either fuel. This
furnace is supplied with a small, simple, and perfectly
safe arrangement for burning the vapour of gasoline or
benzoline, giving a power and efficiency fully equal to
that which can be obtained by a larger gas-supply. The
arrangement is in every way as simple as when gas is
used, requiring no more trouble or attention.

It equals a gas-furnace in every respect, and, in
addition, gives a heat of absolute purity, fitting it for the
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most delicate chemical operations where gas cannot be
used owing to the presence of sulphur and other matters.

The ordinary pattern of injector furnace -is used in
precisely the same way as with gas, the only difference
being that a branch pipe is taken out of the air supply
and connected to the lower tap 4 on the generator, and a
tube is carried from the upper tap B to the side tube of
the injector-burner marked ¢ gas.” The quantity of vapour
required is adjusted by the lower tap 4 when the furnace
is working, and the flame must be just visible at the hole
in the lid, exactly as when gas is used, the instructions
being precisely the same for both fuels.

To charge the generator, pour benzoline or gasoline in
the top hole until it overflows at the small tap C in the
side, replace the cork firmly, and close the overflow tap.
It will then work for about 10 to 12 hours at the full
power of the furnace.

Benzoline varies much in quality; it must, when a
few drops are poured on a plate or the hand, evaporate
quickly and completely, leaving no greasy stain, and if
good will produce more vapour than the furnace can burn
at its maximum power. All the tubing used must be
perfectly smooth inside, or the power of the furnace is
greatly reduced.

At the conclusion of an operation, close both taps on
the generator. It can then be left for any length of time
ready for instant use. For ordinary meltings, the gene-
rator can be used about thirty or forty times without
refilling.

The No. 3 size will refine and perfectly fuse 6 1bs. of
chemically pure nickel so that it can be poured clean,
using an open crucible, a feat beyond the capabilities of
any other known furnace.

Benzoline often contains heavy oils. If the generator
works badly, empty it and refill with fresh.

G. Gore, Esq F.R.S., has devised a gas furnace which
will fuse cast iron, &c., and still allow the melted sub-
stances to be perfectly acce551ble to be manipulated upon
for a continuous and lengthened period of time, without
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contact with impurities or with thé atmosphere, and with-
out lowering their temperature sufficient to cause them
to solidify. These conditions Mr. Gore has obtained by
means of ordinary coal-gas and atmospheric air; without
the use of a bellows or lofty chimney, or of regenerators
or valves requiring frequent attention. The arranuement
is as follows : A4 (figs. 45 and 46) is a cylinder of ﬁre—cIay
about 9 inches high and 6 inches diameter, open at both
ends, with a hole in its side near the bottom to lead into

Fia. 45. Fia. 46.

Fq 5 L

the chimney ; it 'is covered by a movable plate of fire-clay,
B, with a hole in its centre for introduction or removal of
the crucible, &c. ; this hole is closed by a perforated plug
of clay, C, for access to the contents of the crucible, and
that again-is closed by another clay stopper D; Eisa
chimney of sheet  iron about 5 or 6 feet high,, kept
upright by a ring.of iron # attached to the top of the
furnace. = The fire-clay cylinder is enclosed in"a sheet of
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iron casing with a bottom of iron, to which are"fixed
three iron legs G. - An iron tube H, with a prolongation
1, supports by means of the screw J the burner KX and its
tube L, which is open at both ends. Gas is supplied to
the burner by means of the tap M, which has a small
index NV attached to it for assistance in adjusting the gas.
Inside the large cylinder is another fire-clay cylinder or
cupola O, with open ends, and with three projections of
fire-clay P, for supporting the crucible Q; it is kept
steady by means of three clay wedges B ; S is an air-valve
for closing the bottom of the tube L. The gas-burner is
a.thin metal cylinder, deeply corrugated at its upper end,
with the corrugations diminishing to nothing at its lower
end, as shown in the engravings. The action of this
furnace is as follows : Gas is admitted to the open tube L
by the tap M ; it there mixes with air to form a nearly
combustible mixture, which ascends through the burner,
and burns in the clay cylinder O, being supplied with the
remainder of air necessary to combustion through the
tube H to the outer surface of the flame ; the products of
combustion pass up through the cylinder O, and then
downwards outside of it to the chimney, the point of
greatest heat being at Q.

It is important in using this furnace that the burner be
placed quite in the centre of the bottom of the tube O;
also that a crucible of not too large nor too small dimen-
sions be selected. The most suitable way of supporting a
smaller crucible is by placing it in a larger one that has
had its upper part broken off. If desirable, a little clay
luting may be placed round the top edge of the iron
casing to exclude air entering between it and the cylinder ;
also a little thin clay luting upon the part of the bottom of
the furnace where the inner cylinder O rests.

In lighting the furnace, the plugs C'and D are removed,
a light held #nside the opening, and the gas turned on full.
Should the flame blow down to the bottom of the tube "L
on lighting (which, however, rarely occurs unless the
furnace ‘is already hot), the gas must be turned off, and
the bottom of Z momentarily closed whilst lighting the gas
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as before. Should the flame not burn down to the burner,
but only burn to the orifice in the clay plate B, it must at
once be extinguished and relighted, otherwise some of the
gaseous mixture will pass into the chimney unburned, and
subsequently ignite and cause an explosion. A large
flame now issues from the top orifice, and is white if too
much gas is on, and chiefly violet or red with the proper
quantity ; it should now be coarsely adjusted until these
appearances are represented. The annular plug C should
now be inserted, which will compel it to pass downwards
to the chimney, and as soon as the small remaining flame
now issuing disappears, or nearly disappears, as it will in
a few seconds, the smaller stopper D should also be
inserted. In lieu of this, the large flame may be deflected
against the chimney by means of a piece of sheet iron until
it withdraws inwards as before mentioned ; the two plugs
may then be reinserted. The gas tap may now be partly
adjusted. The crucible should be placed in the furnace
after the act of lighting the gas, but not immediately after
if the furnace is cold, or explosions may occur by un-
burned gaseous mixture passing the crucible into the
chimney, and igniting afterwards.

After about five minutes the gas should be slowly ad-
Jjusted, until a sound is heard inside like a series of small
explosions. This sound is sometimes not very distinct,
especially at high temperatures, and therefore requires a
little experience in the use of the furnace in order to be
detected. It is, however, a chief guide in determining the
proper amount of gas, and should therefore be carefully
studied. To assist in" adjusting the gas it will be found
very useful to place a small piece of looking-glass beneath
the tube L, and to adjust the gas tap until the flame
between the burner and crucible appears wholly violet or
slightly white ; but this test is liable to fallacy if em-
ployed when the gas is first lighted, because the coldness
of the parts makes the flame much whiter than it other-
wise would appear. It is also fallacious, the flame
appearing whiter than it really is when the crucible is
very hot. It is, however, of great assistance, especially at
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intermediate temperatures. A rough deposit upon the
outer edge of the crucible indicates an excess of gas; the
deposit is carbon. Less gas is required with a crucible in
the furnace than without one: also less is required when
the small hole at the top of the furnace is open than when
it is closed ; and less is also required when the furnace is
cold than after it has been lighted some time, because the
draught gradually increases and draws in more air. After
having accurately adjusted the gas, no further attention
to the furnace is requisite.

Having once found the proper adjustment of gasunder
certain known conditions, it is well to notice the position
of the index pointer X, in order to be able at once to
adjust it to about the right point on other occasions.
Under ordinary circumstances, during daylight it is best
to set the gas nearly full on at first, and fully on at about
five minutes afterwards when the draught has become more
powerful; but during twilight, when the supply of gas
from the gas works is more free, the index pointer may be
set at the numbers 2} or 3. The gas should be supplied
by a pipe of not less than $-inch bore, with a main pipe of
4 an inch ; but all depends on the pressure of gas at the
particular locality, which is very variable. The consump-
tion of gas varies from 30 to 40 cubic feet per hour, the
value of which is about twopence.

The top of the chimney should be placed in a position
where the products of combustion can pass freely away.
If it is placed in an opening or pipe leading to another
chimney, care must be taken not to have the draught too
powerful, otherwise the heat will be drawn more into the
chimney, and the supply of gas in the daytime may be
found rather deficient. The furnace will act satisfactorily
though less powerfully, with the chimney standing in an
open room without any special outlet for the products of
combustion, provided the full height (6 feet) of chimney is
employed. Under other circumstances a chimney 4% or 5
feet high may be used.

This furnace will produce what is generally called a
white heat ; it will readily melt half a pound of copper, or
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six ounces of cast iron ; it ‘will melt as large a quantity of
those substances as the largest-sized crucible that can be in-
troduced into it will contain, sufficient space being reserved
around the crucible for draught. It requires from 20 to 30
minutes to acquire its highest temperature, and then the
entrance part of the chimney exhibits a faint red heat in
daylight. If it exhibits much more than this, the draught
is too powerful, and, if less, there is not sufficient gas.

" 'With one ounce of copper put into the cold furnace,
and the gas lighted and properly adjusted, the copper
generally begins to melt at about the tenth or twelfth
minute, and is completely melted by the fifteenth. - "With
the heat well up, 1 ounce of copper has been melted in it
in 21 minutes, 1 ounce of cast iron in 3 minutes, 5 ounces
of copper in 4} minutes, and 3 ounces of cast iron in 5
minutes. 'With the smaller hole in the top of the furnace
open, 1 ounce of copper has been melted in 3} minutes,
and several ounces of copper have been kept in fusion
for upwards of half an hour, and may be kept so for any
length of time ; cast iron has also been fused and kept
melted under the same conditions. These various effects
have also been obtained in a somewhat diminished degree
with the chimney standing in an open room.

When the small hole D) is open some air is drawn in
that way, and less air passes up with the gas through the
tube O, but the cold air does not much diminish the
temperature of the crucible, because it combines with the
excess of gas now passing over the edge of the inner
cylinder ; it, however, renders the flame round the crucible
white by deficiency of air, and this should be partly cor-
rected by lessening the gas. An excess of either gas or
air renders the surface of melted copper dull.

When it is desirable to perfectly avoid contact of air
with the fused substance during manipulation, a narrow
crucible should be employed, and a thin narrow ring of
fire-clay should be placed upon the top of the .tube O to
contract its opening ; the flame then closes completely
over the top of the crucible and prevents access of air;
a proper adjustment of gas, together with exclusion of air
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in this’ manner, enables a perfectly bright surface of
melted copper or even tin to be continuously maintained
from which the images of parts above are clearly reflected.
The clay ring may be withdrawn by lifting the plate B.
A less perfect exclusion of air'may be obtained by em-
ploying a narrow crucible placed rather low down in its
support. A small iron dish should be placed beneath the
tube L, to receive any melted substance that may fall.
The chief con(htlons of success in the use of this furnace
are sufficient gas, a sultable degree of draught, and proper
regulation of gas to air.’

Mr. Grlfﬁn has devised what he calls a Reverberatory
Gas Furnace, which also produces a high temperature
without the use of a blowing-machine. Tt is especially
suitable for assay purposes on a small scale, and for the
decomposmon of siliceous minerals by fusion with alkaline
carbonates in platinum crucibles, being capable of fusing
1,000 grains of anhydrous sodium carbonate in ten minutes.

The different parts of this furnace are also arranged in
a very convenient manner, so as to admit of its being
employed for various purposes in a chemical or assay labo—
ratory. It is based upon a new form of gas-burner which,
aided by suitable bellows, can be used as a convenient
source of heat for most operations of the chemical laboratory
and lecture table. It will boil a quantity of liquid, exceed-
ing two gallons, at once ; it will raise a 43-inch fire-clay
crucible to full redness ; it will fuse anhydrous sodium car-
bonate in greater quantity than is required for the analysis
of a-siliceous mineral; and it will melt small quantities
of sterling silver. ThlS amount of power is sufficient for
most chemlcal and many metallurgical operations.

Fig. 47 represents the gas-burner of this apparatus.
The gas is supplied by the horizontal tube, whence it
passes through a set of small holes into the box a, in
which it mixes with atmospheric air that enters freely by
the holes shown in the sketch. The gaseous mixture
passes up the vertical tube b, and is inflamed at the top,
where it burns with a single tall blue flame, which gives
no smoke, very little light, but much heat. In this
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condition the apparatus differs from ¢Bunsen’s gas-burner”
only in size. ¢ represents a thin brass cap, which fits the
air-box a, but moves easily round it ; d is a flat cast-iron
box with many holes around the margin, and a few small
ones on the top. This box fits loosely on the upper part
of the tube b, and when it is placed on it and the gas is
lighted the flame produced consists of a series of radiating
jets, forming a horizontal circular flame of about seven
inches in diameter. Tig. 48 shows a ring of horizontal
flame produced ; 47 b gives a single vertical flame.* The
ring of flame is suited to the purposes of boiling and
evaporation; the single flame, to ignition and fusion.
The height of the apparatus represented by fig. 47 is .
twelve inches; the bore of the tube b is one inch; and
the diameter of the fire-box d is four inches.

When a large crucible is to be heated to redness, the
gas-burner is to be used without the rose, and is to be
arranged with the furnace fittings that are represented in
perspective by fig. 49, and in section by fig. 50, and the
lower part of fig. 51, a, b, ¢, d. Letter a represents the
gas-burner ; fig. 49 b is a tall iron stool; ¢ a chimney
which collects atmospheric air to_feed the ﬂame, and leads
it up close to the vertical tube of a, by which contrivance
the air i1s warmed and the tube cooled ; d is a furnace-sole
or plate of fire-clay;
S is a reverberatory
dome, the interior of
which is best shown
in the section fig. 60 ;
e is a cast-iron ring
or trivet, represented
more clearly in fig.
52 ; ¢ is an iron chim-

= ney 24 inches long
and 3} inches wide; and % a damper to lessen the draught
when small crucibles are to be heated. The height of

Fic. 47.

* Fig. 48 1eF1esents a small variety of this gas-burner, in which the head
is mot removahle, but the efflux of the mixed gases is regulated by a sliding
valve, which is represented by &.
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this apparatus from ¢ to the top of fis'24 inches; and
the external diameter of the dome f is about 8 inches.
The crucible, which may be from 4} to 4% inches in

Fi1c. 49. . F1a. 50.

height, is placed on the iron ring e, fig. 51, and that on

the clay sole d, and it is then covered by the dome f.

The gas should be lighted after the crucible is placed in

its position and before the dome is put on. The dome
H
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and the chimney are then to be added and the operation
allowed to proceed. With a crucible of the above size
the damper A is not required ; but it must be used when
the crucible is under 4 inches in height, otherwise the
draught occasioned by extra space within the dome causes
the flame to blow down. The damper must be put on the
chimney before the chimney is put on the dome. The
iron ring (fig. 52 or e fig. 51) suits crucibles of different
sizes, according to which side of it is turned uppermost.
The figures show that a crucible mounted in this
furnace can lose very little heat by radiation or conduc-
tion, and hence it is that a small gas flame produces a
powerful effect. . In half an hour a 43-inch clay crucible,
filled and covered, can be heated to full redness. The
progress of the ignition can be easily examined by lifting
up the chimney g and the dome f by their respective
wooden handles. But the action of the furnace can also
be judged of by a peculiar roaring noise which it pro-
duces. If the gas and air are mixed in due proportions,
the roar is regular and continuous; if there is too much
gas the roar is lessened, if too much air the roar is
increased, but is rendered irregular and intermittent.
The greater the noise, the greater the heat in the furnace.
And when the roar becomes spasmodic the flame is on the
point of blowing down. To prevent that occurrence, the
proportion of air must be lessened or that of gas increased.
The following arrangement is convenient when small
crucibles are to be strongly heated : anhydrous carbonate
of soda in quantities exceeding 1,000 grains can be thus
readily fused in a platinum crucible, and sterling silver can
be melted in a clay crucible. It is also available for igni-
tions or fusions in small porcelain crucibles. Fig. 50 re-
presents the arrangement of apparatus, as seen in section :
a is the gas-burner ; b thestool; ¢ the air chimney, and d
the furnace-sole, as already explained ; ¢ is a cylinder of
fire-clay, 4 inches high, and 4} inches diameter; % is a
fire-clay furnace, in which is placed a small cast-iron ring
about 2 inches in diameter, similar in form to that repre-
sented by fig. 52, and on this ring the platinum crucible is
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adjusted ; is a fire-clay or plumbago reverberatory dome ;
and ¢ is the chimney that forms part of the furnace repre-
sented by fig 48. The crucible being adjusted, the gas
lighted, and the dome and chimney put on, the lapse of
twelve or fifteen minutes, according to the quality and
pressure of the gas, suffices for the fusion of 1,000 grains
of carbonate of soda in a platinum crucible. At the heat
which this furnace produces, the cast-iron ring does not
melt nor alloy with the platinum crucible placed upon it.

By a modification of these arrangements, Mr. Griffin
has made a gas furnace for melting quantities of lead, zine,
- antimony, &c. This is represented by fig. 63. The iron
crucible will contain nearly 30 Ibs.
of lead and about 24 lbs. of zinc.
The burner readily melts these quan-
tities, and then, with a diminished
quantity of gas, will keep the metals
fluid. The metals being protected
from the air suffer little loss by oxida-
tion. Such operations as the granula-
tion of zinc are performed with this
apparatus with great facility; it serves
also for baths of fused metal. In a
large furnace of this kind, made for
a special operation, 60 lbs. of zinc
have been melted with ease, and
the inventor believes that, used in
this manner, the burner is powerful
enough to melt a hundredweight of
zZinc.

The principles of heating by gas,
which have led Mr. Griffin to the construction of these
gas furnaces, may be summed up as follows: When a
crucible or other solid body is to be heated, it is to be
wrapped in a single flame at the point of maximum heat,
and loss of heat by radiation and conduction is to be pre-
vented by the interposition of non-conducting materials
(plumbago or fire-clay) ; and when liquids are to be boiled
or evaporated, particularly when they are contained in

"2
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vessels of glass or porcelain, the flame is to be broken up
into numerous horizontal jets, and these are to be made
to supply a large and regular current of highly heated
air, by which alone, and not by the direct application of
the flame, the vessel that contains the liquid is to be heated.
In both cases provision must be made to securea sufficient
draught of air through the furnace, because every cubic
foot of gas requires for combustion 10 or 12 cubic feet of
air, and the gases which have done their duty must be
rapidly carried away from the focus of heat. If the steam,
the carbonic acid gas, and the free nitrogen which consti-
tute the used-up gases are not promptly expelled, fresh
gaseous mixture in the act of producing additional heat
by combustion cannot get near the object that is to be
heated, and the heat so produced out of place is wasted.
Bunsen’s gas-burner, whatever its size, is subject to
two defects : sometimes the flame burns white and smoky,
and sometimes it blows down, the gaseous mixture ex-
plodes, and the gas then burns with a smoky flame in the
tube. The remedies for these defects are as follows: If
the flame is white only when the gas is turned on very
full, the remedy is to lessen the supply of gas; but if the
flame continues to burn white at the top when the gas is
gradually turned off and the mass of flame slowly sinks,
then the holes which deliver the gas from the supply pipe
into the air-box a (fig. 47) are too large, and are placed
too directly under the centre of the vertical tube & (fig. 47),
and these defects must be corrected in the instrument.
Finally, when the flame blows down, it is because the
supply of atmospheric air is too large in proportion to the
supply of gas, and their relative proportions must be
altered. To effect this alteration the cap ¢ is to be turned
round on the air-box a so as partially to close the holes,
and thus lessen the supply of air. If, when the gasis
alight, the flame needs to be lowered, first the supply of
air is to be lessened and then the supply of gas. If the
flame is to be enlarged, first the supply of gas must be
increased and then the supply of air. In short, to prevent
the flame blowing down, the gas must always be placed in
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excess, and then have the proper quantity of air adjusted
to suit it by means of the regulator ¢. 'When gas-burners
of this description have to be used in a locality where the
pressure of the gas is slight, especially in the daytime,
there is a constant tendency in the flame to blow down.
The best way to prevent that occurrence is to supply the
gas by a pretty wide tube, and to see that the current of
gas is not checked by a very narrow bore in the plug of
an intervening stop-cock, which is often the unsuspected
cause of want of pressure in the supply of gas. If this
does not suffice to prevent the blowing down of the gas,
the holes which admit the gas from the supply pipe into
the box a of the burner should be enlarged, more or less
according to necessity. A large supply of gas compen-
sates, to some extent, for want of pressure.

. When a steady and long-continued heat is desired from
a Bunsen’s burner, it is proper to use two stop-cocks and
a length of caoutchouc tube between them. One of these
stop-cocks is to be affixed to the burner, and the other to
the supply pipe. The latter is to be opened wider than is
necessary to supply the required quantity of gas, and the
former is to be used to regulate the supply to the burner

. exactly ; under these circumstances, if another stop-cock
is opened and gas burnt in the immediate neighbourhood,

, the flame does not so readily blow down in the regulated
burner as it does when only the stop-cock on the supply
pipe is used.

When a crucible is suspended by wires or by a ring
over the flame of a spirit lamp or gas-burner, the flame
and the hot air supplied by the flame strike the crucible
for an instant and then pass away to do no more good.
At the same time, the effect of the heating power on the
crucible is lessened by other circumstances; namely, by
radiation on all sides, by a mass of cold air which con-
stantly rises around and in contact with it, and by the con-
ducting power of the metallic apparatus which supports
both the crucible and the lamp. These losses are avoided
if the crucible is inclosed in a furnace made of a non-
conducting material, such as fire-clay, which can absorb
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and retain heat. In the descriptions of the gas furnaces,
and in that of Mr. Charles Griffin’s oil-lamp furnace, several
methods of mounting crucibles in fire-clay jackets have
been shown ; and we will now describe some of Mr. Griffin’s
fittings that may be used to construct temporary table fur-
naces for crucibles that are to be exposed to the flame
produced by gas, oils, or spirit up to a temperature close
upon, but not quite up to, a white heat ; that is to say,
up to a heat that will readily melt anhydrous carbonate of
soda and small quantities of silver, and so be fit for many
metallurgical operations, but which will not melt copper
nor cast iron.

Fig. 54 represents sections of cylinders of fire-clay
which are drawn on a scale of 1 to 8, and have the rela-
tive heights and bores represented in the figures. The
clay pieces, thatis to say, as many of them as are necessary
for a given purpose, can be adjusted over a gas-flame by
means of a tripod (fig. 49) or a clay support.

The crucible to be operated upon is to be supported on
a toothed ring made either of cast iron or fire-clay, such
as are represented by figs. 52 and 5. Fig. 52 is a ring
of cast iron, A representing it in section and ¢ as seen from
above. It is about two inches in diameter, and has three
teeth projecting towards the middle of the ring. This
ring can be supported by any of the clay cylinders whose
bore does not exceed two inches. Fig. 55 is a ring of
fire-clay of 4 inches external diameter, and 1 inch in thick-
ness, provided with three teeth that project inwards, and
upon which a crucible can be supported without injuring
the draught of the gas furnace.

Both these grates will support crucibles at the highest
temperature which can be produced by spirit, oil, or gas,
without a blast of air ; but at a white heat produced by any
of these fuels with a blast of air, the iron ring melts, and,
if the heat is long continued, those of fire-clay soften and
partially give way. When the fire-clay grate (fig. 55) is
required to sustain a very high temperature for a consider-
able time, it is proper to have it made of 6 inches diameter,
as represented by. fig. 54 p, the air-way in which is the
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same as that of the small> grate, but the clay ring is much

stronger. )
The grate is fixed
above the flame at a dis-
tance which is found by
trial to place the crucible
on the point of great-
est heat. Commonly a
4-inch cylinder (54, A or
¢) placed upon a suitable
support serves the pur-
pose. The bore of the
cylinders at the bottom
must be wider than the
burner, to allow of a
considerable influx of
atmospheric air around
the flame. The grate is
placed on this cylinder,
the crucible on the grate,
and then another cylin-
der around the crucible.
The choice of this upper
cylinder depends entirely
upon the size of the cru-
cible that is to be heated.
Whatever the size of
the crucible, the cylinder

must be so chosen as to fit the crucible as accurately as
possible, leaving between it and the furnace walls an open

space of not less than % inch, nor more than
1 inch all round. If the upper cylinder is
not contracted at top like 64 ¢ f g, then
a cylinder of narrow bore, such as 54 a
or ¢, must be put upon it, in order to de-
flect the flame and the rising current of
hot air upon the top of the crucible, and
thus produce a reverberatory furnace.

Fia. 55.

Finally, an iron

chimney, 2 or 3 feet long, must be put: upon the fur-
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nace, to force up a draught of air sufficient to feed
the flame.

Suppose a.small rose gas-burner is to be arranged for
an ignition, with the use of a fire-clay support, the com-
bination of pieces necessary for the purpose may be those
represented by fig. 56, where A is the fire-clay support,
and the rest of the pieces are those which are shown at
fig. 54, and described at the letters placed against each of
them in this figure. It is evident that the application of
this furnace to crucibles of different sizes'depends upon
the proper choice of the cylinders here marked ¢ and e.
Of course there is only a limited choice of crucibles suit-
able for such operations. Three inches is the extreme
width between the furnace walls of any of the pieces in
fig. 54, from a to g, and though larger cylinders could be
used, such as ¢ to o, it must be remembered that the flame
of a lamp without blast has only a limited power, and that
although a given flame will fuse 1,000 grains of carbonate
of soda in a platinum crucible, it may only heat to a
moderate redness a large clay crucible. Yet, considering
that low degrees of heat are suitable for many purposes, it
is convenient to have the power of readily adjusting a
temporary furnace to the bulk of any crucible which it is
desired to heat. :

The clay pieces (fig. 54 i to p) are those that have been
expressly designed for the blast oil furnace alrecady de-
scribed ; but these can also be used for spirit and gas fur-
naces, the respective sizes being chosen in each case ac-
cording to the size of the crucible that is to be ignited.

In respect to the means of supporting a crucible, it has
been shown that clay trivets with a wide flange, namely,
the 6-inch trivets fig. 54 p, will support a crucible contain-
ing 5 lbs. of iron until that quantity of iron is melted, even
under the operations of a blast; so that it is evident that
this method of supporting a crucible in a gas flame may
be always depended upon when no blowmg-machme is
employed

Fig. 57 represents the gas furnace _arranged for boiling
0r<evap0rating: a is the gas-burner ; 6 an iron stool with
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three legs; ¢ a furnace body or iron jacket lined with
plumbago or fire-clay. This furnace may be 14 inches
high and 9 inches in diameter. The three brackets fixed
on the upper part of the jacket serve to support the vessel
that contains theliquid that is to be boiled or evaporated.
A porcelain basin of 16 or 18 inches in diameter can be
thus supported. 1Itis important to allow between the
jacket ¢ and the evaporating basin plenty of space for the
escape of the heated air, which ascends from the interior

F16. 66. Fi1e. 57.

of the furnace. When the evapo-
rating basin is of small diameter, it
may be supported on iron triangles,
placed in the furnace ¢. The section
shows that around the vertical tube
of the gas-burner a there is in the
bottom of the furnace ¢ a circular
opening which is of 2 inches diame-
ter, and through which air passes freely, partly to feed the
flame and partly to be heated by the flame and be directed
upwards in a continuous current upon the lower surface
of the basin that is to be heated. The flame within the
furnace burns steadily. No side currents of air agitate it.
No part of it touches the basin, which should receive its
heat solely from the mass of ascending hot air. The gas-
burner thus arranged and supplied by a gas-pipe of 1-inch
bore, burns about 3 cubic feet of gas in an hour, and the
flame which it produces, acting upon water contained in
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an open porcelain evaporating basin, will heat from 60°
to 212° F.—

1 quartin 5 minufes

1gallonin 15

2 gallons in 30,
and when the water boils it is driven off in steam at the
rate of more than a gallon of water per hour. The method
is consequently applicable to distillation on a small scale,
and to numerous other laboratory operations.

An excellent gas-burner for general laboratory use is
Mr. Fletcher’s solid-flame burner, shown in fig. 58. This
is one of the very best heating burners which has yet been
made. The flame is of a brilliant green colour, solid, and

F1e. 58.

of the same temperature throughout ; the usual heating
burners having a flame with a hollow centre of uncon-
sumed gas. The pattern shown in the figure measures
only 31 inches in helght and- it will melt half a hundred-
Welght of lead in an iron pot. It will boil half a gallon of
water in a flat copper kettle in five minutes, and will melt
6 Ibs. of lead or solder in an iron ladle in seven minutes.
The burner can be adapted for a blast where very high
power is required in a small burner. With a blast it can
be made to consume any gas supply up to 200 cubic feet
per hour, giving a very high duty. One advantage which
this burner possesses over those of the ordinary kind with
wire-gauze tops, is that it cannot be spoiled ‘by any acci-
dent. 1In case a solution boils over, and chokes the holes
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in the perforated copper dome, the latter can be lifted off
(when. the burner is warm) and cleaned. The whole
burner is designed to stand the roughest and heaviest
work without injury.

- A smaller size of this burner, of little less than half
the power, is shown in fig. 9.

The india-rubber tubing for these burners must be of

good size, and smooth inside, made without wire.

FigG. 59. F16. 60.

The burner shown in fig. 60 is a very excellent evapo-
rating burner for glass and porcelain vessels and general
laboratory work. It is a great improvement on the ordin-
ary coil burners in use, owing to the fact that no currents
of cold air, which are so fatal to glass and porcelain
dishes, can reach the vessel, as is the case with all coil
burners. The flames are blue and smokeless, and are not
liable to be extinguished with a splash, being raised above
the body of the burner. Vessels must not be put in con-
tact with the flame ; half the diameter of the burner must
be taken as the nearest distance at which a vessel can be
placed above the top of the burner.

LUTES AND CEMENTS.

It may be as well to mention in this part.of the work
the various lutes and cements 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.

Fre Lute is composed of good clay two parts, sharp
washed sand eight parts, horse-dung one part. These



108 LUTES AND CEMENTS.

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 2 ounces of borax to a pint
of hot water.

Far Lure is prepared by mixing fine 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. Glazier’s putty is very similar to this.

Romay CemENT—This must be kept in well-closed
vessels, and not moistened until it is required for use.

Praster oF Paris.—This is mixed with water, milk, or
weak glue, or 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.

Linseep or Armonp 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° F.

Live anp Eee Lure.—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 on 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. This lute dries
very rapidly, becoming very hard and adhermg strongly
to glass; but its great inconvenience is the want of
flexibility. ' v

Wrre LEap mixep wite Om.—If this mixture be spread
upon strips of linen, or bundles of tow, it acts much in the
same manner as the lime lutes.

Yerrow Wax is often used -as a lute, but it becomes
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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 crude turpentine.

Sorr CEMENT is prepared by fusing yellow wax with
half its weight of crude turpentine and a little Venetian
red in order to colour it. It is very flexible, and takes
any desired form under the pressure of the fingers.

WarterprooF CEMENT.—Mr. Edmund Davy, F.R.S., de-
scribed a cement made by melting in a saucepan two
parts by weight of common pitch, and adding to it one
part by weight of -gutta-percha, stirring and mixing them
well together until they were completely incorporated
with or united with each other. The mixture then forms
a homogeneous fluid which may be used in this state for
many purposes, and is remarkable on account of- the
facility and tenacity with which it adheres to metals,
stones, and glass. It may be poured into a large basin of
cold water, in a thinner or thicker stream, or as a cake.
In this state, while warm, it is quite soft, but may be soon
taken up out of the water and drawn out into longer or
pressed into shorter pieces, or cut or twisted into frag-
ments, which may again be readily reunited by pressure.
When the cement is cold, or before, it may be removed
from the water and wiped dry, when it is fit for use. It
is of a black colour; when cold, it is hard. It is not
brittle, but has some degree of elasticity, which is in-
creased by a slight increase of heat. It appears to be not
so tough as gutta-percha, but more elastic. Its tenacity
is very considerable, but inferior to gutta-percha. It
softens when put into water at about 100° F.; when
heated to above 100° F. it becomes a thin fluid : and if
the heat is gradually increased it passes through inter-
mediate stages of softness, becomes viscous like bird-lime,
and may be extended into threads of indefinite length : it
remains in this state even when exposed for some time in
a crucible to the heat of boiling water, 212° F. Water
appears to have no other action upon it but that of soften-
ing it when warm or hot, and slowly hardening it when
cold. The cement adheres strongly, if pressed on metal
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or other surfaces, though water be present, provided such
surfaces be warm. This cement is applicable to many
useful purposes.. It adheres with great tenacity to metals,
wood, stones, glass, porcelain, ivory, leather, parchment,
paper, hair, feathers, silk, woollen, cotton, linen fabrics,
&c. It is well adapted for glazing windows, or as a
cement for aquarinms. This cement does not appear to
affect water, and it will apparently be found applicable
for coating metal tanks; to secure the joints of stone
tanks ; to make ‘a glue for joining wood, which will not
be affected by damp; and to prevent the depredations of
insects on wood.

Resivous or Harp CeMENT is made by fusing together at
the loweqt'poesible temperature one part of yellow wax
and five or six of resin, and then adding gradually one part
of red ochre or finely powdered brickdust (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, &ec., to air-jars.

Caourcaouc.—Tubes of vulcanised caoutchouc form a
very ready means of attaching one piece of apparatus to
another, and they possess the peculiar advantage of flexi-
bility, 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 hot so likely to
be fractured as when connécted 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 when unvulcanised it possesses
the valuable property of forming a perfect joint when
freshly cut edges are brought and pressed together, hence
the facility with which it is manufactured into tubes. The
mode of manufacturing small connecting tubes, which are
often required to be of unvulcanised caoutchouc, 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
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rod of the requisite size, pressing the edges close together
with the fingers; when close together cut off the super-
abundance with a sharp pair of scissors, and the newly
cut edges will unite by simple pressure of the nail. When
well executed the joint is scarcely apparent. - In order
to prevent the caoutchouc from adhering to the rods on
which the tube is formed, a little moisture or dry starch
may -be employed. When caoutchouc is not at hand,
oiled paper may be substituted, the joint being made of
wax. -

Faraday gives the following directions for luting iron,
glass, or earthenware retorts, tubes, &c., for furnace opera-
tions. When the lute has to withstand a very high tem-
perature 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 the 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 becomes dry before the lute is
applied, it should be re-moistened. The lute should be
pressed and rubbed down upon the glass successively
from the part where contact was first made to 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 1 to } of an
inch.

Being thus luted, the vessels are afterwards to - be
placed in a warm situation, over the sand-bath or near
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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 pre-
vent 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 these .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 insure a uniform mixture. It is best to mix the
chopped material with the clay before the water is put
to it, and, when adding the latter, to mix 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 con-
sistent with facility in working it. The wetter it is, the
more liable to crack in drying, and vice versd.

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 per-
manent joints generally between surfaces of iron. Clean
iron borings or turnings are to be slightly pounded, so as
to be broken but not pulverised : 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.
Mr. Cooley states that he is informed by one of the first
engineers in London that the strongest cement is made
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without sulphur, and with only one or two parts of sal-
ammoniac to 100 of iron borings: but that when the
work is required to dry rapidly, as for the steam joints of
machinery wanted in haste, the quantity of sal-ammoniac
is increased a little, and a very small quantity of sulphur
is added. This addition makes it set quicker, but reduces
its strength. Several excellent cements are described in
Cooley’s ¢ Cyclopwzedia of Practical Receipts.” From these
the following are selected :—

Beate's CemeNT.—Chalk, 60 parts; lime and salt, of
each 20 parts; Barnsey sand, 10 parts; iron filings or
dust, and blue or red clay, of each 5 parts. Grind together
and calcine. This is patented as a fire-proof cement.

Borer CemenT.—Dried clay in powder, 6 lbs.; iron
filings, 1 Ib., made into a paste with boiled linseed oil.
This is used to stop leaks and cracks in iron boilers,
stoves, &c.

Bruvire's Cement.—Clay, 3 parts; slaked lime, 1 part;
mix and expose them to a full red heat for 3 hours, then
grind to powder.

This makes a good hydraulic cement.

OxycHLORIDE OF ZINC CEMENT.—In solution of zinc chlo-
ride, of 1:49 to 1:65 specific gravity, dissolve 3 per cent.
of borax or sal-ammoniac, and then add zinc oxide, which
has been heated to redness, until the mass is of a proper
consistency. This cement becomes as hard as marble. It
may be cast in moulds like plaster of Paris.

CRUCIBLES, CUPELS, ETC.

The crucibles best known in commerce are the Hessian,
the Cornish, the Stourbridge, and the London clay cru-
cibles ; charcoal, plumbago, iron, porcelain, platinum,
silver, and gold crucibles are also required in small
operations. Of the clay crucibles, the London pots are
much to be preferred, on account of their very refractory
nature. They resist the action of fused oxide of lead
better than most clay crucibles, and they are also
better made than the two other kinds, being much

I
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smoother and more regularly formed. They have the
form of a triangular pyramid (see fig. 61, crucibles and
cover), and 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

Fia. 61. they endure such an extreme
of heat, for they agglutinate
and run together at a tempe-
rature which does not touch
the others. Dr. Percy says
they are more generally useful
than any other crucible. The
Hessian pots are the worst of
all ; they do not stand mode-
rate change of temperature
without risk of 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 to the ordinary wooden
skittle or ninepin. They are exceedingly useful for the
fusion of large masses of matter, or such substances as
boil or bubble much when heated. Plumbago or graphite
crucibles are rapidly superseding all other kinds when
metals have to be melted. They possess many advan-
tages over clay crucibles. Their surface is very smooth ;
they are not liable to crack, however violent the changes
of temperature may be to which they are subjected ; they
bear the highest heat without softening, and can be used
repeatedly. Owing to the reducing property of the carbon
they contain, they must not be employed when oxidising
actions are required.

Crucibles and all plumbago fittings for furnaces should
be of the ¢ Salamander ’ brand. These require no anneal-
Ing or care in heating up, and stand strong fluxes better
than the ordinary make.
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The Patent Plumbago Crucible Company have recently
introduced a very excellent fluxing crucible. It is made
of fine white china clay, is perfectly smooth inside and
out, and will stand very high temperatures without soften-
ing.

~ Stourbridge clay crucibles are not much used. They
require the greatest care in using them, and are spoilt
after the first operation.

Porcelain crucibles are not used in large assaying or
metallurgical operations, but they are invaluable in small
laboratory experiments. They are practically infusible,
are little liable to crack, and are almost unacted on by
reagents and fluxes. In many cases they will replace the
more expensive platinum crucibles, and where easily re-
ducible metals are under treatment they must be used in
preference to platinum.

Crucibles, in order to be perfect and capable of being
used indifferently for any operation, ought to possess the
four following qualities : first, not to 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 temperature without breaking, a certain pro-
portion 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 cru-
cibles 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,

'S
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and especially those free from calcareous matters. Amongst
clays, the best are those which contain most silica ; never-
theless, these 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, whilst sand 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, as it burns more
readily.

Black-lead crucibles are generally composed of 1 part
of refractory 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.

Crucibles into whose composition carbonaceous matters
enter, reduce any oxides that may be heated in them, and
hence are inconvenient in certain cases. They can, neverthe-
less, be employed in all cases by giving them a lining of clay,
which must be tolerably thick, and well dried before use.

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 leated 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. v
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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-oxi-
dised compounds attack neither 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 into the composition of which
coke enters, by burning the carbonaceous matter. The
greater number of these oxides, the alkalies, earths, and
glasses (which are fusible silicates, borates, &c.), act more
or less powerfully on the earthy base of all crucibles ; so
that these substances are most difficult to keep in fusion
for any length of time. They attack the crucible layer
by layer, dissolving the substance of which it is composed,
and after a lapse of time rendering it so thin that it can-
not withstand the pressure of the molten mass within it ;
and the fracture of the pot, and consequent loss of con-
tents, is inevitable.

Under the same circumstances, all those crucibles
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.

Earthen crucibles may be assayed by noticing the time
they will contain fused litharge, which exercises a very
corrosive action on them, honeycombing them in all di-
rections ; 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: first, because it is very fusible, and
easily filters through their pores; and secondly, it has the
property of forming fusible compounds with all the sili-
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cates 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 con-
trary, it may be very easily acted on (even when infusible)
when it has an extremely fine grain; so that the prompti-
tude with which a crucible is pierced by litharge bears
no relation to its fusibility. A crucible of pure quartz
will be very readily attacked by litharge, because the
latter 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,
wouldbe 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 assay of crucibles with li-
tharge, if not of use in ascertaining their degree of fusi-
bility, 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 sub-
stances, 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, alka-
line, or ferruginous, act on the clayey part of the crucibles
exactly as the fluxes. Whence it follows, that those cru-
cibles which contain litharge longest will also resist the
action of the fluxes best.

In order to ascertain the fusibility of a crucible, a
direct experiment must be made, either by heating a piece
in a crucible lined with charcoal, and ascertaining if its
angles be rounded, if its substance has become translucent,
&ec. ; or, better still, by heating the crucible to be assayed
with another whose properties are well known.

As to permeability, it may approximately be ascer-
tained by filling two crucibles with water, and noting what
length of time is required to empty them completely; the
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crucible which contains it longest being, of course, the
least permeable.

To prove if a crucible be able to sustain great changes
of temperature 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 pro-
duced 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 best pots support all these operations without break-
ing ; but it often happens that they are filled with innu-
merable small fissures, through which fused matters can
pass. This can be ascertained by fusing rapidly in the

F1G. 62.

assay pot a quantity of litharge : if these fissures be pre-
sent, the fused oxide will readily filter through them.
Crarcoarn Crucisres.—As all oxidised matters act 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 cru-
cibles, which do not possess these disadvantages. 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 time, and earthenware crucibles lined with charcoal
have been substituted (see fig. 62, a, b, and ¢). These may
be considered as charcoal pots enveloped with refractory
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clay ; they are solid, always free from cracks, and easy of
preparation, and they have the same properties as the
solid charcoal crucibles without their inconveniences.

In order to prepare these crucibles, the charcoal must be
chosen carefully, so as to contain no foreign substances; it
must be pulverised and passed through a sieve ; the powder
moistened with water or treacle, mixed with a spatula, and
then kneaded with the fingers until it just adheres, and
forms adhesive lumps without being sufliciently wet to
adhere to the hand. Some advise the addition of gum to
the water with which the charcoal is moistened. The
crucible is moistened slightly by being plunged into water,
and withdrawn as speedily as possible, and about half an
inch in depth of the charcoal paste, prepared as above, is
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 increase in force until it is as 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, the surface 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 friction 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 $ths of an inch thick at the bottom and
4th 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.

Lined crucibles have many advantages - over plain
crucibles. The lining gives them greater solidity, and
prevents a loss of shape when softened ; for plain crucibles
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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 to-
wards the end of the assay, at which period the highest
temperature is employed. Besides, vitreous matters do
not penetrate the lining, and exercising no action 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 ascertained, 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 this excess remains with the metal, and
prevents its exact weight from being ascertained. No
oxidising substances or bodies which readily part with
oxygen (oxide of copper, for example) must be calcined in
a plumbago or charcoal-lined crucible, unless indeed the
chemical union of the charcoal with the oxygen is desired.

Live CruciBLEs.—Some years ago Deville proposed the
use of crucibles cut out of solid blocks of pure lime, in
order to prevent the introduction of carbon and silicon
into metals and alloys during the process of fusion.

The results of experiments made with such crucibles
were found to be extremely satisfactory, and metals fused
therein, as iron, manganese, nickel, cobalt, &c., were
obtained far purer and more malleable and ductile than
when fused in the usual clay or brasqued crucibles. Un-
less, however, the crucibles required were of very small
size, it was found difficult to obtain blocks of lime for
shaping them sufficiently large and free from flaws; and
experiment showed a considerable loss, both by breakage
when shaping them, and by their cracking when in the
furnace. In order to obviate this, trials were made with
clay crucibles lined with lime, but ineffectually, as these
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crucibles invariably melted down before the requisite heat
was arrived at—a result due to the action of the lime
itself upon the outer clay crucible.

Mr. David Forbes, F.R.S., has published in the ¢ Chemi-
cal News’ the result of some very waluable experiments
on this subject. The arrangement he proposes fully
answers the purpose, the erucibles being capable of stand-
ing the heat of melted wrought iron or cobalt without
fusion or cracking, as well as of being made of any reason-
able size.

A clay crucible of somewhat larger capacity than the
desired lime one, is filled with common lamp-black, com-
pressing the same by stamping it well down. The centre
is then cut out with a knife until a shell or lining of lamp-
black is left firmly adherent to the sides of the crucible,
and about half an inch or less in thickness, according to
the size of the crucibles ; this lining is now well rubbed
down with a thick glass rod until its surface takes a fine
glaze or polish, and the whole cavity is then filled up with
finely powdered caustic lime, thoroughly pressed down,
and a central cavity cut out as before ; or the lime powder
may be at once rammed down round a central core of the
dimensions of the intended lime crucible.

This lime lining is naturally rather soft before being
placed in the furnace, but upon heating, it agglutinates, and
forms a strong and compact crucible, which is prevented
from acting upon the outer one by the interposed thin layer
of lampblack, and at the end of the experiment it generally
turns out as solid and compact as those made in the lathe.

Experiments made with such crucibles, even up to
dimensions containing several pounds of metal, have proved
them extremely well suited for these operations, and doubt-
less similar crucibles could be made, lined with magnesia
or alumina as required. In some cases ordinary black-
lead crucibles, lined with powdered lime, magnesia, or
-alumina, might possibly be found to answer.

Having frequently used lime crucibles in metallurgical
operations, and having met with the inconvenience pointed
out by Mr. Forbes, the editor can appreciate the great
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value of his improvement. It is one which cannot fail to
be extensively adopted in metallurgical laboratories.

In certain particular experiments, crucibles are lined
with other bodies besides charcoal and lime, such as silica,
alumina, magnesia, or chalk, by merely moistening their
respective powders with water, and applying the paste as
above described for the charcoal. A slight layer of chalk
lessens the liability of attack from fused litharge.

Avumina CruciBLes are strongly to be recommended in
many metallurgical operations. They are made in the
following manner. Ammonia alum is ignited at a full red
or white heat, when it leaves behind pure alumina in a
dense compact form : this is to be finely powdered. To a
solution of another portion of ammonia alum in water,
ammonia is added, when alumina is precipitated in a gela-
tinous state : this is to be washed until free from sulphate
of ammonia. The dense alumina is then mixed with water
and worked up into a paste, the precipitated gelatinous
alumina being kneaded in from time to time; this gives
coherency : and when sufficient has been added (which
must be ascertained experimentally), the mass may be
moulded into shape. These crucibles require slow and
careful drying ; but they well repay all the care which is
bestowed on them, for they do not readily crack, are
attacked by very few fluxes, give out no impurities to
metals which are melted in them, and are infusible at the
highest heat of the furnace.

Maenesia CruciBLes aND Bricks.— M. H. Caron has
pointed out the advantages which would accrue to metal-
lurgy from the employment of magnesia as a refractory
material. Formerly the high price of this earth appeared
likely to confine it to the laboratory. Now, circumstances
have happily changed; recent modifications introduced
into the manufacture of cast steel, and especially the em-
ployment of Siemens’s furnace and Martin’s process, abso-
lutely demand more refractory bricks than those at present
in use, irrespective of price. On the other hand, native
carbonate of magnesia, which formerly cost 10l the ton,
may now be obtained at the price of 2l 15s. delivered at
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Marseilles, or delivered at Dunkirk. Calcination at the
place where the carbonate is obtained may still further
reduce its price.* The following is M. Caron’s process
for its agglomeration, which may be employed by the
chemist for the ready preparation of refractory vessels
of all forms ; by the physicist to obtain pencils for oxy-
hydrogen lighting purposes; and also by the manu-
facturer, to replace, in some cases, fire-bricks which have
become insufficient in carrying out dlﬁ"erent processes
of heating.

The magnesia which he employs comes from the island
of Elba, where it is found in considerable quantities as a
native carbonate, white, very compact, and of great hard-
ness. This carbonate contains traces of lime, silica, and
iron ; it is, besides, interspersed sometimes with serpentine
and large plates of silica, which would diminish the in-
fusibility of the substance, and render it especially unfit
for oxyhydrogen illumination if their removal is neglected.
These plates are, however, easily recognised, and may
be readlly separated, even in working on the large scale.
In the case of refractory bricks, the presence of a small
quantity of these foreign bodies would, at the most, give
rise, under the influence of the highest temperatures, to a
slight vitrification, offering no serious inconvenience.

Before powdering the carbonate, it is advisable to bake
it at the temperature necessary for the expulsion of the
carbonic acid ; the material then becomes very friable,
and may be pulverised more easily. It is then possible to
separate the serpentine and silica, which do not become
friable under the influence of heat. This preliminary
treatment does not permit of the agglomeration of the
magnesia, and, even were this difficulty to be overcome, a
temperature higher than that of the original calcination
would cause an enormous contraction, producing fissures
and alterations in shape which would interfere with the
use of this substance. It is therefore indispensable, before
moulding the magnesia, to submit it to a very intense heat,

* This preliminary calcination requires less heat than burning lime, and
diminishes the weight of the carbonate one-half,
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at least equal to that which it is intended to support sub-
sequently.

Thus calcined it is not plastic, its appearance is sandy,
and compression does not cause it to acquire any cohesion;
a mixture of magnesia, less calcined, imparts to it this
quality. The quantity of the latter to be added necessarily
varies with the degree of calcination of the two magnesias;
it is scarcely one-sixth of the weight of that which has
been exposed to the temperature of melting steel. It only
now remains to moisten it with 10 or 15 per cent. of its
weight of common water, and strongly compress it in iron
moulds, as adopted in making artificial fuel. The brick
produced in this operation hardens on drying in the air,
and becomes still more resisting when it is subsequently
calcined at a red heat. The same process would appear
practicable, varying the form of the moulds, for obtaining
crucibles of great capacity ; but compression is difficult in
large masses, as well as when the moulds have a large
surface, as the magnesia adheres strongly to the sides.
Although M. Caron has been able to obtain small crucibles
for the laboratory, he does not consider this process
adapted to make the large crucibles employed in steel
melting. In this and other cases it is preferable to ag-
glomerate the magnesia in the humid way.

To endow magnesia with a sort of plasticity, advantage
is taken of a property of this earth pointed out in ¢ Ber-
zelius’s Chemistry.” When strongly calcined and then
moistened, it hardens in drying. This fact is doubtless
due to a hydration which takes place without sensible in-
crease of temperature. When solidified in this manner
the magnesia only loses the assimilated water at a high
temperature. Then calcination not only does not disin-
tegrate it, but, on the contrary, confers upon it a hardness
and resistance comparable to those of ordinary crucibles
after their baking. This being understood, the appli-
cation of this fact is obvious. Thus, the magnesia to be
employed in the manufacture of crucibles should only be
moistened, moulded into shape, dried, and then ignited.
For the construction of steel melting furnaces, a paste of



126 PLATINUM CRUCIBLES.

moistened magnesia should be plastered over the walls; it
will become ignited in due course without any particular
precautions being taken. It sometimes happens, however,
either owing to the magnesia being too much or too little
hydrated, or owing to its containing siliceous matter, that
the vessels before or after firing do not possess quite the
desirable solidity ; they should then, to acquire this, be
simply moistened in a cold saturated solution of boracic
acid, dried, and then fired as before. This operation does
not render the magnesia more fusible; it only causes the
grains of the substance to cohere more strongly together.

Magnesia, very pure, strongly calcined and finely pul-
verised, may be employed in the form of paste (barbotine)
and yield the most delicate and translucent crucibles, as
well as the sharpest and most complicated impressions.

Marieasie Iron CruCIBLES are often very serviceable in
assays of fusibility, and of certain selinides and sulphides,
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 pre-
ferable, 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 em-
ployed at a very high temperature, they must be placed
in those of earthenware, which protect them from the
oxidising action of the air ; but when they are not heated
above the temperature of a copper assay, they may be used
naked, if 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.

Praminum  CrucisLes.—Platinum crucibles are invalu-
able in a laboratory. Few pieces of apparatus are used
so frequently by the chemist. Their chief use is in the
ignition of precipitates and the decomposition of siliceous
minerals by fusion with alkaline carbonates. They are
preferable to porcelain, as not being fragile and being
more readily heated to redness over the gas or spirit flame,
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Their most convenient size is 14 inch high and 1} inch
wide at the top.

In employing a crucible for the incineration of filters
in quantitative assays by the wet way, it sometimes happens
(as, for instance, with chloride of silver or sulphate of lead)
that the employment of platinum is inadmissible. In these
cases thin porcelain crucibles must be used. The analyst
will, however, frequently experience difficulty, owing to
the extreme slowness with which, in many cases, the last
portions of the carbon of a filter are consumed when
ignited in a porcelain crucible. It does not appear, how-
ever, that the following simple method of obviating the
difficulty, as practised in the laboratory of Professor
Sheerer, in Freiburg, has ever received the publicity which
it deserves, Whenever a filter upon which a substance
capable of injuring platinum has been collected, has to be
incinerated, the porcelain crucible or capsule in which the
process is to be conducted should be placed within a vessel
of platinum of similar form, and the whole ignited in the
usual way. Whether the greatly accelerated rapidity of
combustion of the carbon which ensues depends upon a
more equal distribution of heat brought about by the
greater conductiig power of the metal—an explanation
which is current for the somewhat analogous case of copper-
coated glass flasks—or whether, as seems probable, the
power of the porcelain vessel to absorb heat be really
increased by the interposition of the platinum ; whether
both these causes be of influence, or, the result depends
upon another less apparent reason; or finally, whether
vessels of some other metal would not be preferable to
those of platinum, are questions which are open to dis-
cussion. .

Fresenius gives the following excellent directions as to
the preservation of platinum crucibles. The analyst should
acquire the habit of cleaning and polishing the platinum
crucible always after using it. This should be done, as
recommended by Berzelius, by friction with moist sea-sand,
whose grains are all round, and do not scratch. The
writer has found this method to answer extremely well.
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The sand is rubbed on with the finger, and the ‘desired
effect is produced in a few minutes. The adoption of this
habit is attended with the pleasure of always working with
a bright crucible, and the profit of prolonging its existence.
This mode of cleaning is all the more necessary when one
ignites over gas-lamps, since at this high temperature
crumbles soon acquire a grey coating, which arises from
a superficial loosening of the platinum. A little scouring
with sea-sand readily removes the appearance in question,
without causing any notable diminution in the weight of
the crucible.

The ordinary Bunsen burner is known to act upon the
surface of platinum vessels brought into contact with the
inner line of the flame ; the metal loses its polish, becom-
ing superficially porous and spongy, and requires the use
of the burnisher to bring it back to its original state. This
alteration of the surface Mr. Dexter has found to be at-
tended with a change of weight, so that for some years he
has used a lamp of different construction for the heating
of platinum crucibles in analytical operations. Such a
lamp may be made by removing the air-tube of a common
Bunsen lamp, and putting in its place a somewhat longer
one of glass or iron of about 12 millimétres internal dia-
meter. The gas jet should have a single circular aperture,
and be in proper proportion to the diameter of the tube,
which may be held in any of the ordinary clamp supports.
The tube being raised sufficiently above the jet to allow
free entrance of air, and a full stream of gas let on, a ¢ roar-
ing’ flame is produced, of which the interior blue cone is
pointed, sharply defined, and extends only about half an
inch from the top of the tube. A polished platinum sur-
face is not acted upon by this flame, provided it be not
brought into contact with the interior cone. In the
Bunsen burner, as usually made, the supply of air depends
upon the diameter of the tube, the holes at its base being
more than sufficient to supply the draught. With the
wider tube it is necessary to limit the admission of air by
depressing the tube upon the lamp when the force of
the gas is diminished. Otherwise the proportion becomes
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such that an explosive mixture is formed ; for this reason
it is more convenient to use an arrangement in which the
access of air can be regulated by an exterior tube sliding
obliquely downward over the air-apertures. The gas jet
should be on a level with the top of these apertures, which
must be much larger than those of the ordinary Bunsen’s
burner. On account of the liability to explode and burn
at the jet inside, the lamp is not well adapted for ordinary
use ; but for ignition of crucibles, working of glass, &e.,
it has proved efficient and practical.

In connection with some sensible remarks upon the
before-mentioned use of sand in cleaning platinum cru-
cibles, Erdmann explains in the following way the cause
of this grey coating which forms upon platinum crucibles
whenever they are ignited in the flame of Bunsen’s gas-
burner. This coating has given rise to much annoyance
and solicitude among chemists. Indeed it has often been
asserted that the use of Bunsen’s burner is unadvisable in
quantitative analysis, since by means of it the weight of
platinum crucibles is altered and the crucibles themselves
injured. The coating is produced most rapidly when the
crucible is placed in the inner cone of the flame, and the
more readily in proportion as the pressure under which
the gas is burned is higher. Having found it advantageous
to maintain, by means of a special small gas-holder, a
pressure of four or five inches upon the gas used in his own
laboratory, Erdmann observed that the strong gas-flame
thus afforded immediately occasioned the formation of a
dull ring upon the polished metal placed in the inner
flame, this ring being especially conspicuous when the
crucible becomes red-hot; it increased continually, so
that after long-continued ignition the whole of the bottom
of the crucible was found to be grey and with its lustre
dimmed. ;

The ring is caused neither by sulphur, as some have
believed, nor by a coating of inorganic matter, but is simply
a superficial loosening of the texture of the platinum, in
consequence of the strong heat, whence it first of all
appears in the hottest part of the flame. In consequence

K
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of the serious damage which the gas furnace causes, many
chemists now discard gas and ignite platinum crucibles
over specially constructed spirit lamps.

In conjunction with Pettenkofer, Erdmann instituted
several experiments, which have left but little doubt that
the phenomenon depends upon a molecular alteration of
the surface of the metal. If a weighed polished crucible
be ignited for a long time over Bunsen’s lamp, the position
of the crucible being changed from time to time, in order
that the greatest possible portion of its surface shall be
covered with the grey coating, and its weight be then de-
termined anew, it will be found that this has not increased.
The coating cannot be removed either by melting with
bisulphate of potash or with carbonate of soda. It dis-
appears, however, when the metal is polished with sand ;
the loss of weight which the crucible undergoes being
exceedingly insignificant, a crucible weighing 25 grammes
having lost hardly half a milligramme. When the grey
éoating of the crucible is examined under the microscope,
it may be clearly seen that the metal has acquired a rough,
almost warty, surface, which disappears when itis polished
with sand. Platinum wires, which are frequently ignited
in the gas-flame—for example, the triangles which are
used to support crucibles—become, as it is known, grey
and brittle. Under the microscope they exhibit a mul-
titude of fine longitudinal cracks, which, as the original
superficial alteration penetrates deeper, become more open,
or, as it were, spongy, until finally the wire breaks.

If such wire is strongly and perseveringly rubbed with
sand, the cracks disappear, and the wire becomes smooth
and polished ; for the grains of sand, acting like burnishers,
restore the original tenacity of the metal, very little of its
substance being rubbed off meanwhile. The loosening
effect of a strong heat upon metals is beautifully exhibited
when silver is ignited in the gas-flame, a thick polished
sheet of silver immediately becoming dull white when thus
heated. Under the microscope the metal appears swollen
and warty. Where it has been exposed to the action of
the inner flame along its circumference, this warty con-
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dition is visible to the naked eye. A stroke with the
burnishing stone, however, presses down the loosened par-
ticles, and reproduces the original polish. This peculiar
condition which the surface of silver assumes when it is
ignited, is well known to silversmiths ; it cannot be re-
placed by any etching with acids, and it must be remem-
bered that what is dull white in silver appears grey in
platinum.

If each commencement of this loosening is again de-
stroyed, the crucibles will be preserved unaltered, other-
wise they must gradually become brittle. Crucibles of
the alloy of platinum and iridium are altered like those of
platinum, when they are ignited. It is, however, some-
what more difficult to reproduce the original polish of the
metal by means of sand, as might be expected, from the
greater hardness of the alloy.

The sand used should be well worn. When examined
under the microscope no grain of it should exhibit sharp
edges or corners; all.the angles should be obtuse.

If there are spots on the platinum crucibles which
cannot be removed by the sand without wearing away too
much of the metal, a little potassium bisulphate is fused
in the crucible, the fluid mass shaken about inside, allowed
to cool, and the crucible finally boiled with water. There
are two ways of cleaning crucibles soiled outside; either
the crucible is placed in a larger one, and the interspace
filled with potassium bisulphate, which is then heated to
fusion, or the crucible is placed on a platinum-wire triangle
heated to redness, and then sprinkled over with powdered
potassium bisulphate. Instead of the bisulphate, borax
may be used. Never forget at last to polish the crucible
with sea-sand again.

A remarkably rapid and perfect method of cleaning
platinum apparatus consists in gently rubbing upon the
dirty metal a small lump of sodium-amalgam. Sodium has
the curious property of lending to mercury the power of
‘wetting’ platinum in so complete a manner that the
positive capillarity between platinum and an amalgam con-
taining even only one per cent. of sodium appears to be as

K 2



132 CLEANING PLATINUM CRUCIBLES.

great as that between mercury and zine, with this im-
portant difference, however—in -the former case, the
¢ wetted > metal does not suffer the least trace of amalga-
mation. KEven when foreign metals, such as lead, tin,
zine, silver, are purposely added to the sodium-amalgam,
the platinum surface suffers no disintegration.

When the amalgam has been rubbed on with a cloth
until the whole surface is brilliantly metallic, water is ap-
plied which oxidises the sodium and allows the cohesion
of the mercury to assert itself. On wiping the mercury
off, the platinum surface is left in admirable condition for
the burnisher.

When the crucible is clean it is placed upon a clear
platinum-wire triangle, -ignited, allowed to cool in the
desiccator, and weighed. This operation, though not in-
dispensable, is still always advisable, that the weighing of
the empty and the filled crucible may be performed under
as nearly as possible the same circumstances.

In using platinum crucibles, it must be remembered
that certain substances must not be ignited in them.
Berzelius says that ¢ 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 platinum oxide causes a very considerable
oxidation of the metal; and after the saline matter is re-
moved, the surface of the metal is found to be honey-
combed.’

The alkaline sulphldes or the alkaline sulphates mixed
with charcoal are inadmissible, because the sulphides so
formed attack platinum even more energetically than the
caustic alkalies ; so are 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.
A drop of fused lead, tin, zinc, or bismuth, placed on
red-hot platinum, always produces a hole. Neither can
a phosphide  or phosphoric acid mixed with charcoal
be ignited in vessels of platinum, because a platinum
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phosphide is produced, which is an exceedingly brittle
compound. , ~

In analyses by the humid method, nitro-hydrochloric
acid (aqua regia), even when very dilute, must not be
allowed to come in contact with platinum, and, as a
general rule, liquids containing either free chlorine, bro-
mine, or iodine must not be boiled in platinum capsules.

Siver CruciBLEs can only be used at temperatures
below full redness. They-are not affected by caustic
alkalies, but must not come in contact with sulphur or be
heated over coke, coal, gas, or other fuel containing
sulphur.

Cupers.—These are vessels in which the operation
termed cupellation is carried on. They must be made of
such substances as are not acted upon by certain fused
oxides, as those of lead or bismuth, and their texture has
to be sufficiently loose to allow of the oxides penetrating
their substance readily, and yet be sufficiently strong to
bear handling without breaking.

There are several substances of which cupels might be
made, which will fulfil all these conditions, but only one
is in general use, viz. the ash of burnt bones. This consists
principally of calcium phosphate, with a little calcium car-
bonate and fluoride. Berzelius found that bones of oxen
contained 57 parts of calcium phosphate for every 3-8
parts of calcium carbonate, whilst, according to Barros,
sheep bones contain 80 parts of calcium phosphate to 19
parts of calcium carbonate. When bones are burnt whole
they likewise contain mineral matter derived from the
cartilage, such as alkaline sulphates and carbonates. The
greater part of the calcium carbonate is likewise converted
into caustic lime.

The bones of sheep and horses are best for cupels. In
getting rid of the organic matter, it is advisable to boil
them repeatedly in water before burning them. This dis-
solves a great part of the organic matter. If the bones
are not rendered quite white by the first ignition, but con-
tain a little carbon, they should be ground up, moulded
into shape, and burned again.
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Care should be taken not to heat the bone earth too
strongly. In this case the bones will have a smooth, glassy
fracture, and will not be sufficiently spongy or absorbent
to make good cupels.

When the bones are burnt white throughout, they must
be finely ground, sifted, and washed several times with
boiling distilled water till all soluble salts are removed.
The finest particles of the powdered bone earth will remain
longest suspended in the washing waters. This must be
allowed to settle separately, and should be reserved for
giving a final coating to the surface of the cupels; this
coating acts, to a certain extent, like a fine filter, and may
be applied to all cupels, although the body of the cupel is
made of different materials.

For the body of the cupels, the bone-ash should be
about as fine as wheat flour. If too coarse, litharge con-
taining silver will be absorbed into its pores, and will occa-
sion a loss of silver.

Cupels must neither crack nor alter in texture at a
white heat. It is very important that they should not
contain carbon, and therefore, in making them, the bone
earth must not, as sometimes recommended, be mixed with
beer, or water containing adhesive substances. Nothing
but pure water should be used, and the mixture should be
just sufficiently moist to adhere strongly when well pressed,
but not so moistas to adhere to the finger or the mould
employed to fashion the cupels. The mould (fig. 63) con-

Fie. 63.  sists of three pieces: one a ring, b, having a
conical opening ; another a pestle, @, having
a hemispherical end fitting the larger opening
of the ring : and the third, ¢, a piece of turned
metal, into which & fits ; ¢ 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 ¢, and fill it with the com-
position ; then place the pestle upon it, and
force it down as much as possible : by this means the
moistened bone ash will become hardened, and take the
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form of the pestle; the latter must then be driven as
much as possible by repeated blows from a hammer,
until quite home. The surface of the cupel may then
have sifted over it a little of the very fine levigated bone-
ash, and the pestle hammered again on it. It is then to
be turned lightly round, so as to smooth the inner sur-
face 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 muﬁle, to expel all moisture.
It 1s then ready for use.

There are two or three points to attend to in manufac-
turing the best cupels. First, 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, as before mentioned, allow small globules of metal to
enter into their pores.

When, on the contrary, the powder is very fine, the
paste moist, and compressed strongly, the cupels have
much solidity, and are less porous; the fine metal cannot
penetrate them, but the operation proceeds very slowly :
besides, the assay is likely to become dulled, and incapable
of proceeding without a much higher degree of tempera-
ture being employed.

Cupels for assaying silver bullion are sometimes made
of equal parts of bone-ash and beechwood-ash; and for
assaying gold, 2 parts of beechwood-ash and 1 part of
bone-ash are used. The hemispherical cavity of both
these kinds are coated with the fine levigated powder of
bone-ash.

Beechwood-ash is preferred for the manufacture of
cupels on account of the larger proportion of phosphonc
acid it contains.

According to Hertwig, beechwood-ash contains in 100
parts :—
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Potassium carbonate . Y 3 : 5 . 11472
Sodium carbonate . 5 5 2 2 bl 5
Potassium sulphate . 2 4 5 . . 349
Calcium carbonate . : . 4 4 . 4954
Magnesium carbonate ; : : : .79
Calcium phosphate . $ . 3 2 . 332
Magnesium ,, . . q ; 3 . 292
Iron - y y ¢ A 3 2076
Aluminium , . 4 - 5 3 . 151
Manganese ,, ¢ 9 g . 8 . 159
Silica 5 2 3 : 3 . 246

Scorrriers.—A scorifier (fig. 64) is a vessel made much
in the shape of a cupel, but of crucible earth. The proper
use both of cupels and scorifiers will be explained under
the head of silver-assaying.

MerHops oF MEeasuriNg THE HEar oF FurNacEs.—As
much of the accuracy of an assay depends on the tempera-
ture at which it is made, and as the temperature required

F1G. 64.

varies with each metal, it is very desirable to possess some
means of ascertaining the heat of the furnace more accu-
rately than by the eye. Many persons have devised
instruments, called pyrometers, for this purpose; the
earliest being those of Mr. Wedgwood and the late Pro-
fessor Daniel, of King’s College.

We shall not give a description of Wedgwood’s pyro-
meter, as its indications are inaccurate, from the fact that
the clay cylinders, whose contraction serves to measure
the temperature, will contract as much by the long con-
tinuance of a low heat as by the short continuance of a
high one. Hence the degrees of heat measured by Wedg-
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wood’s pyrometer have been enormously exaggerated. It
was long since noticed that it did not produce comparable
effects ; and this was supposed to proceed wholly from
the impossibility of obtaining clay perfectly alike for each
experiment. ;

Daniel’s pyrometer 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

FiG. 65.

of this needle from its position marks the additional length
which the metal acquires by the heat. The following is
Daniel’s description of his pyrometer: ¢ It consists of two
parts (see fig. 65), which may be distinguished as the
register and the scale. The register isa solid bar of black-
lead or earthenware highly baked. In thisa 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 porcelain, b, 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
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by a wedge of porcelain. When such an arrangement is
exposed to a high temperature, it is obvious that the ex-
pansion 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, ¢.” *

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
movable 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 care-
fully adjusting the brass rule to the sides of the register,
and fixing it by pressing the cross piece upon the shoulder,
and placing the movable 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

* Daniel’s ¢ Chemical Philosophy, p. 111,
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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 minutes. The scale of this
pyrometer is readily connected with that of the thermometer
by immersing the register in boiling mercury, whose tem-
perature 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.

By Daniel’s pyrometer the melting point of cast iron
has been ascertained to be 2,786° and the highest tem-
perature of a good wind furnace 3,300° Fahrenheit—points
which were estimated by Mr. Wedgwood at 17,977° and
21,877° respectively.

The following is a list of the melting points of some of
the metals as ascertained by Professor Daniel ; and it is
obvious that in an assay of each particular metal the tem-
perature employed must exceed by a considerable number
of degrees its melting point. The table is, therefore, very
useful.

Fahr.
Tin melts at : . . . . . . 422°
Cadmium . . 5 . 5 2 g . 442
Bismuth . . 5 . . . e . 497
Lead . £ &5 . 3 g R £ . 612
Zinc . . . . 5 ! d : . 778
Silver . 2 . . . . . . . i%
Copper . . 5 : 2 b . .
Gogse 3 . 5 3 ¢ 3 S . . 2016
Cast iron . . 2786

Cobalt and nickel 'rathe‘r less.fusib'le tha;n iroix.

Mr. S. Wilson* has described an ingenious process of
measuring high temperatures. He exposes a given weight
of platinum or Stourbridge clay to the action of the heat
which is to be measured, and then quenches it in a definite
weight of water at a certain temperature. Thus, if the
piece of platinum weigh 1,000 grains and the water 2,000
grains at 60° F., and should the heated platinum when
dropped into the water raise its temperature to 90°, then,

* ¢Philosophical Magazine, ser. iv. vol. iv. p. 157.
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90°—60°=30°; which, multiplied by 2 (because the weight
of the water is twice that of the platinum), gives 60°—
the temperature to which a weight of water equal to the
platinum would have been raised. To convert this into
Fahrenheit degrees we must multiply by 811, which is the
specific heat of water as compared with platinum, that of
the latter being 1. Therefore, 60°x 311L=1875° which
will be the temperature of the furnace.

One or two other methods of measuring high tempera-
tures applicable to special cases may here be mentioned.

Mr. C. W. Siemens, C.E., F.R.S., has invented an inge-
nious pyrometer, the principle of which is, that as the

Fre. g5, electrical conductivity of platinum, iron, and

¥ other metals decreases as they rise in tem-

& perature, their increase of resistance to the

J ~ passage of the current is a measure of the heat
I to which the metals are subjected.

The principle of construction may be ex-
plained by the aid of fig. 66, in which FAB
is a tube of pipe-clay, and the length between
4 .| the projections, A and B, has a screw-shaped
spiral groove cut on its outer surface; the
length of this part of the tube is about 3 inches.
A spiral of fine platinum wire lies in the groove,
each turn of the platinum spiral being thus pro-
P tected from lying in contact with its neighbour
by the projecting edges of the groove, by which
plan of insulation the current is forced to pass
through the whole length of the fine wire. »
is a little platinum clam, connected with one
pole of the battery, and the position of this
clam on the spiral regulates the length of pla-
tinum wire through which the current shall
pass. By this plan of adjustment, all the py-
rometers constructed by Mr. Siemens are made
to agree with each other.

At 7, the ends of the thin platinum wire are connected
with very thick platinum wire, and higher up, near E,
where the heat of the furnace is less felt, the thick platinum

=

(L
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wires are connected with thick copper wires, shown at p;
from E to F, these connecting wires are protected by clay
pipes, as shown in the cut.

‘When this arrangement has to be used, the whole of it
is dropped into a thick metal pipe made of iron, copper, or
platinum, according to the heat of the furnace to be tested.
The lower end of this outer pipe is shown at K M, and when
it is used the spiral, A B, lies inside it at ¥ M. At R there is
a very thick collar of metal in which the heat accumulates,
and this prevents the cooling action of the length x ® (most
of which does not enter the furnace) from interfering with
the accuracy of the indications. The ends of the wires, p,
are connected with suitable and very delicate electrical
apparatus, by which the increasing electrical resistance of
the hot spiral is measured.

A good plan for comparing the temperatures of two fur-
naces is to prepare alloy of platinum and gold, containing
definite quantities, say, 5,10, 15, 20 per cent. &c., of oold
These fuse at intermediate temperatures between oold and
platinum. By placing small angular chips of these alloys
separately in muffles, and noticing which are melted, which
softened only, and which resist the action of the heat, an
idea of the power of the furnace is obtained. In this way
the amount of heat required to perform any operation
may be registered for future reference, by simply recording
that it was sufficient just to melt, say, a 20 gold 80 pla-
tinum alloy.



CHAPTER V.
FUEL: ITS ASSAY AND ANALYSIS.

BEFORE treating of the assay of metals and metalliferous
ores, it is advisable to devote some space to the important
subject of fuel. The substances employed as fuel, although
all of vegetable origin, are derived either from the vege-
table kingdom (wood), or from the mineral kingdom (peat,
brown coal, coal, anthracite). These natural fuels can
be converted into artificial fuels by heating them more
or less out of contact with the air (charcoal, turf-charcoal,
coke).

The essential elements of combustible matters are car-
bon, oxygen, and hydrogen ; nitrogen being present some-
times, but only in small proportions. These constitute the
orgamc part ; various salts and silica constitute the inor-
ganic part, or ash. The valuable constituents of fuel, on
which its calorific and reducing powers depend, are the
carbon and hydrogen, and it is upon the combustion or
union of these elements with oxygen to form carbonic
acid and water, that the heating effect of the fuel depends.

The more oxygen a fuel contains, the less carbon and
combustible gases it will yield, and the more hydrogen,
~ the more combustible gases.

The proportion of hydrogen to oxygen in wood ° is 1:7
) 3 " turf 3 S e
” ” ” fossil-wood Sisika s
9 1 ” coal gy e sy 1:2-3
) ” 9 anthracite A i |

The more oxygen, the less carbon the fuel contains,

thus:—
Anthramte contains about 90 per cent. carbon
Coal 9 » 80, »»
Brown coal ,, 55 OB "
Fossil-wood and turf ,, 60 , s
‘Wood 3 197200 Ty 5
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The more carbon a fuel contains, the greater heat it pro-
duces, and the more difficult it is to ignite.

The greater the amount of hydrogen in a fuel, the
more inflammable it will be, and the larger flame it gives,
the hydrogen being evolved below a red heat. But the
more carbon present, the less flame. These differences
are shown in a blazing fire and a glowing fire. In a flame
the hottest part is at the periphery, whilst in a glowing
fire the greatest heat is in the immediate contact of the
burning surface.

An elementary analysis of coal teaches little with
regard to the nature or practical value of the combustible.
A proximate analysis, on the contrary, enables us to learn
something in regard to the real nature of the coal. The
moisture and ash are not only diluents of the fuel, but
are in themselves obstacles to its effectiveness; the vapo-
risation of the moisture causes a serious loss of heat, whilst
the ashes, by hindering complete combustion and by the
heat they contain when dropped through the grate, con-
stitute another loss. By furthermore determining the
total amount of volatile matter we learn both the per-
centage of coke in the fuel and the amount of carbon
(fixed combustible) and bitumen (volatile combustible
matter). Although neither of these two products can
be considered as simple chemical compounds, it is never-
theless of the utmost practical importance to know these
two quantities, because of the great value of coke and gas
in manufactures.

The assay of fuel comprises the following examinations:

1. The examination of the external appearance of the
fuel, its porosity or compactness, its fracture, the size and
shape of the pieces composing it.

Determination of the adhering water.
Determination of the specific gravity.
Determination of the absolute heating power.
Determination of the specific heating power.
Determination of the pyrometric heating power.
Determination of the volatile products ot carbonisa-

D1 g oo 1o

tion.
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8. Examination of the coke or charcoal left behind on
carbonisation, both with regard to quality and quantity.

9. Determination of the amount of ash, and its compo-
sition.

10. Determination of the amount of sulphur.

11. Examination of any other peculiarity which may
be noticed during the burning or carbonisation of the fuel.

1. EXTERNAL APPEARANCE oF THE Fuer, 1rs Porosity,
CompacTNESS, FRACTURE, S1ZE, AND SHAPE oF Preces—From
the outward appearance of a fuel, its cleavage, and an
examination of the embedded earthy matter, iron pyrites,
gypsum, &c., its applicability to any special purpose may
be judged. Its degree of inflammability, together with
the pressure of blast which it will bear in the furnace,
partly depend on the more or less compactness of the fuel.
The amount of loss which it will suffer in transport de-
pends upon its friability. Playfair and De la Beche *
determined the amount of this loss in coal by rotating
in a barrel different qualities of coal for the same time.
The powder produced was separated and weighed, and in
this way the friability or cohesion of a fuel could be ex-
pressed in percentages. Schrotterf made the same experi-
ments with brown coal.

The size and form of the pieces composing the fuel is
important, as on this depends the space occupied in its
stowage—an important point for steam-vessels. This
space cannot be calculated from its specific gravity, but
must be ascertained by direct measurement. The space
occupied will be smallest when the form of the lumps is
cubical. Playfair and De la Beche have also investigated
this subject.

2. DETERMINATION oF THE ApHERING WaTER—The water
contained in a fuel exerts great influence on its heating
power. It not only increases its bulk, but it acts in-
juriously by abstracting a certain quantity of heat required
for its evaporation, and it also causes imperfect combus-

* Dingl. ex. 212, 262; cxiv. 346, Liebig’s ¢ Jahresber., 1847-1848, p.
1117 ; 1849, p. 708,

+ Wien. Akad. Ber. 1849, Nov. and Dec. p. 240. Liebig’s ¢ Jahresber.’
1849, p. 709,
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tion. For this reason, Wbod, turf, and brown coal never
give so high a temperature as coal, anthracite, and coke.

The determination of the adhering water is effected by
drying a certain weight of the pounded fuel in a water-
bath at 212° F., or in an air-bath at 220°. It may also be
ascertained by placing a certain weight of the powdered
fuel in a glass tube, heating to 212° and passing over it
air dried by means of chloride of calcium, till the fuel no
longer loses weight. The amount of water which the
dried fuel will absorb from the atmosphere in twenty-four
hours should also be determined, in order to ascertain its
hygroscopic qualities.

3. DETERMINATION oF THE SPECIFIC GrAvITY.—The specific
gravity of a fuel depends on its density and the amount
of ash, and it appears also to be in proportion to its greater
or less inflammability. Of two equal volumes of carbonised
fuel, the one will produce the greatest heating effect which
has the greatest specific gravity, provided the density is
not produced by mineral constituents.

The determination of the specific rrravmy 1s difficult,
and sometimes uncertain, owing to the cleavage of the
fuel, and the entanglement of air in its pores. The best
way of obviating this difficulty is as follows :—

Coarse fragments, freed by means of a sieve from all
small particles, and averaging 1-10th c.c. in volume, are
introduced into a fifty-gramme flask provided with a
thermometer stopper. The constants for this flask for
temperatures varying from 50° to 80° F. are previously
carefully determined.

The given sp. gr. corresponds to the coal perfectly
soaked, so that all its pores are filled with water. That
requires, on the average, 12 hours, permitting two de-
terminations per day, one in the morning, another in the
evening.

That this precaution is important may be seen from
the following example : 2:760 grms. coal gave the sp. gr.
1-:309 at 64° F., immediately after filling the flask with
water: after about 12 hours’ soaking, the sp. gr. had
increased to 1:328, for the same temperature. According

L
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to this latter determination, a cubic foot of this coal would
weigh 8276 1bs.; according to the former, only 8158, or
1-18 lbs. less. Thls shows a considerable degree of po-
rosity of the coal, and indicates the absurdlty of giving
the weight in pounds of a cubic foot of coal w1th four
decnnals, although no statement in regard to temperature
or time of weighing is made.

4. DETERMINATION OF THE ABsoLUTE HEATING POWER —
The value of a fuel for any purpose depends chiefly on
its price and the quantity required for that purpose. The
quantity required depends on the heating power possessed
by a certain weight of fuel (its absolute heatm power) or
that possessed by a certain volume (its specz'ﬁc heating
power).

The less oxygen, ash, and water the fuel contains, the
greater its heating power will be, and this will also increase
in proportion to the carbon and hydrogen present.

Whether the combustion is effected quickly or slowly,
the amount of heat produced will be the same, but the
degree of temperature attained will be very difficult. This
latter constitutes the pyrometric heating power.

The determination of the absolute heating power of a
fuel may be effected—

a. By heating a deﬁmte quantity of water from 32° F.
to 212°;

b. By ascertaining how much fuel is required to melt
a known weight of ice ;

¢. By ascertaining how much water may be evaporated
by 1 Ib. of different kinds of fuel ;

d. By ascertaining how much the temperature of a
room increases by burning a certain weight of a fuel in
a stove.

e. By ascertaining the elementary composition of the
fuel, and calculating how much oxygen will be required
to convert the carbon and hydrogen into carbonic acid
and water ; the quantity of heat produced will be in pro-
portion to the amount of oxygen consumed.

/- By Berthier’s method.

g. By Dr.Ure’s method.
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According to Berthier, the most convenient method
for ascertaining the comparative calorific power of any
combustible matter 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 sub-
stances are exactly proportioned to the amounts of oxygen
required for their complete combustion. 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 fuel is pure charcoal.

By adopting the principle just pointed out, it may be
conceived that, without knowing the composition of a
fuel, its heamnd 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 afford very
useful results in practice. It is as follows : many metallic
oxides are reduced with such facility that when heated
with a combustible body, the latter burns completely,
without any of its elements escaping the action of the
oxygen of the oxide, if the operation be suitably per-
formed. 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 experi-
ment has proved that it completely burns the greater part
of all ordinary fuels; the only exceptions are some very
bituminous matters containing a large proportion of vola-
tile elements, a portion of which escapes before the tem-
perature is sufficiently high to allow the reduction to take
place. The experiment is made as follows: 10 grains of
the finely powdered or otherwise divided fuel is mixed

L2
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with about 400 grains of litharge. The mixture is care-
fully placed in an earthen crucible, and covered with 200
grains 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 that 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 is livid, leafy,
and only slightly ductile ; in which case it has absorbed
a little litharge. This can be partially prevented by fusing
slowly, and adding a little borax,

Two assays, at least, ought to be made, and those re-
sults which differ more than a grain or two ought not to
be relied on. The purer the litharge, the better the re-
sult; 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, pulverise the litharge,
which will now be deprived of minium.

. Pure- carbon produces, with pure litharge, thuty-four
tlmes its weight of lead, whilst hydrogen gives 1037 times
its weight of lead ; that is to say, a little more than three
times as much as Ca_rbon. 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 ascertained, 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 con-
sequence, to ascertain its calorific value.

. Supposing that a substance gives by distillation C parts
of coke, or carbon, having deducted the weight of the ash
and of volatile substances, and that it produces I parts of
lead with litharge. The quantity C of carbon would give
34 x C of lead ; the quantity of volatile matter would give
but P—384 xC ; it would be equivalent to *=3*° of carbon:
whence it follows that the quantity of heat developed by
the charcoal, the volatile matter, and the unaltered com-
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bustible, will be to each other as the numbers 34 x C,
P-34xC, and P.

Dr. Ure * says, speaking of the above method of assay,
¢On subjecting this theory to the touchstone of experi-
ment, I have found it to be entirely fallacious. Having
mixed very intimately 10 grains of recently calcined char-
coal 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 10 grains of pulverised anthracite
with 500 grains 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. Ure is
very perplexing, and does not at all accord with Berthier’s
experience, as shown by his experiments, or by the author’s
on the subject. The latter never had a difference of more
than 50 grains, and in general only two or three, which
latter result is satisfactory. The only. precaution he found
necessary was to heat very gradually until the mixture
was fully fused, and then to increase the fire to bright
redness for a few minutes. :

Further experiments have been made by the author
on this subject, and he has succeeded most perfectly in
estimating the value of a fuel. With the litharge of com-
merce, which contains much minium, the process is never
exact : results have been obtained differing as much as 40
or 50 grains when the litharge employed had not been
purified, and to purify it completely is a troublesome

* ¢ Supplement to the Dictionary of Arts, Mines, and Mamufactures.’
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process. This difficulty may be completely obviated,
however, by substituting for litharge, white lead, using
for each 10 grains of fuel 700 grains of white lead, which
are well mixed with it, and 300 grams of pure white lead
to cover the mixture.

When the whole is heated, the carbonate of lead de-
composes, forming pure lead oxide, which is then reduced,
as in the former case. By this process the results corre-
spond to 1 grain in the quantity of lead produced from a
given sample of fuel. Of course great care must be taken
that the white lead is genuine.

Commercial samples are frequently adulterated with
lead sulphate and barium sulphate, lead oxychloride, zinc
oxide, &c. - This is a serious drawback to this otherwise
excellent modification.

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 im-
provements, may be considered as an equally correct in-
strument for measuring heat with any of the preceding
(Lavoisier’s, 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 vessels, by a zigzag horizontal
flue or flat pipe, nine inches broad' and one 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 con~
tains the fuel. It is surrounded at the distance of an inch
by a second crucible, which is inclosed at the same time by
the sides of the outermost furnace, the stratum of stagnant
air between the crucibles serving to prevent the heat being
dxsmpated into the atmosphele by the body of the furnace

A pipe from a double pair of bellows enters the ashpit of
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the furnace at one side, and supplies a steady but gentle
draught 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 discharged at the top
pipe is generally of the same temperature as the atmo-
sphere. The vessel is made of copper, weighing 2 lbs. per
square foot; it is 5§ feet long, 14 wide, 2 deep, with a
bottom 5% feet long, and 14 broad upon an average. In-
cluding the zigzag tin-plate flue, and a rim of wrought
iron, it weighs altogether 85 lbs. Since the specific heat
of copper is to that of water as 94 to 1,000, the specific
heat of the vessel is eqfial to that of 8 lbs. of water ; for
which, therefore, the exact correction is made by leaving
8 Ibs. of water out of the 600 or 1,000 lbs. used in the
experiment.

¢In the experiments made with former calorimeters of
this kind, the combustion was maintained by a 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 diflicult to estimate.

‘The heating power of the fuel is measured by the
number of degrees of temperature which the combustion
of 11b. of it raises 600 or 1,000 Ibs. of water in the bath, the
copper substance of the vessel being taken into account.
1'1b. of dry wood charcoal, by its combustion, causes
6,000 1bs. of water to become 20° hotter. For the sake of
brevity, we shall call this calorific energy 12,000 units.
Ix} like circumstance, 1 1Ib. of Llangennock coal will yield
by combustion 11,500 calorific units.’

This form of calorimeter of Dr. Ure’s seems to possess
many advantages over Laplace’s and others, and is, no
doubt, very convenient in use, although rather bulky.

The instrument known as Wright’s calorimeter gives
very accurate results, and is the one most generally used
now in experiments on the heating power of fuel, in all
but the most refined investigations. It is shown in the
accompanying figure (fig. 67).

The copper cyhndel A B is filled with a. mixture of 20
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grains of the combustible, and 240 of the deflagrating com-
pound, which is composed of three parts of potassium
chlorate, and one of potassium nitrate. A little piece of
cotton soaked in potassium chlorate is placed partly in the

F1e, 67.

DIMENSIONS,

AB=3}1in.; diameter 3in.

CD=2in.

CB, socket for AB.

Diameter across D=4 in.

EF=6in,

FG=5in.; diameter HG =1} in.

AB weighs 39} grammes,

The remainder of the apparatus, including
the stop-cock, weighs 391 grammes.

. SCALE OF 12 INCHES.
1 24 3 6 12
1 ] 1 | : |

mixture, the other end projecting above the top of the
cylinder ; this is ignited, quickly covered with the bell-
shaped part of the apparatus, and immersed in a measured
quantity of ‘water. As constructed, the whole metallic
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apparatus weighs 6,642:7 grains, and with this weight
2901 grains of water are used. The temperature is re-
corded before and after making the experiment. During
the deflagration the stop-cock is closed; it is, however,
opened before taking the temperature the second time. A
tenth of the temperature that the water is raised by the
combustion is added for errors that are incidental to the
use of the imstrument.

If the instrument is made of the weight above given,
the result is obtained by a very simple calculation. Each
Fahrenheit degree by which the temperature of the water
has been augmented corresponds to a pound of water
converted into steam.

ExAMPLE.
Fahr.
Temp. of water before making experiment = 56°
-5 ,»  after the combustion . =65
P+ Lth

produced by the combustion = 9-1

20 grains of the coal will convert into steam (maximum effect) 9-1 Ibs. of water
9 .l_’f_zo_‘())gi 2240 _ Effect of & ton.

5. DerERMINATION OF THE SPECTFIC HEATING PowEr.—This
represents the heat produced from a certain volume of
fuel. It may be ascertained by multiplying the absolute
heating power by the specific gravity.

6. DETERMINATION oF THE PyromETRIC HEATING POWER.—
By pyrometric heating power is meant the degree of
temperature which may be obtained by completely burning
the fuel. This heating power not only depends upon the
composition of the fuel, but chiefly on the time required
for its' combustion, and this again depends on the looseness
and inflammability of the fuel. The absolute heating
power of hydrogen is greater than that of carbon, but with
regard to the pyrometric heating power it will be found
that the reverse is the case.

Carbon burned in contact with the air to carbonic
acid will produce a heat of 2,558° C.; if burned to car-
bonic oxide it only produces 1,310°; hydrogen burning to
water will produce a heat of 2,080°. "From this we learn
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that fuel rich in carbon, such as anthracite, coal, and coke,
will produce a greater pyrometric effect than fuel rich in
hydrogen, as wood, &c.

Density is an essential quality of fuel required to pro-
duce great pyrometric effect. This is proved in the follow-
ing way.

When atmospheric air first acts on the carbon con-
tained in fuel, carbonic acid is formed, and the tempera-
ture rises to a certain degree, but on passing over glowing'
coal, carbonic acid becomes converted into carbonic oxide,
and this causes a portion of the heat at first produced to-
become latent. This conversion of carbonic acid into car-
bonic oxide is more easy and complete as the fuel used is
more inflammable; and as a greater quantity of heat is
thereby rendered latent, it follows that the heating power
of such a fuel is inferior. This accords with general ex-
perience ; for'it is well known that cokeis able to produce
a greater heat than charcoal.

Several good methods for determining pyrometric
heating power were given in the last chapter.

7. DETERMINATION OF THE VOLATILE PropUcTs oF CARBONI-
sarioN.—The amount of volatile matter yielded on car-
‘bonising a fuel depends partly on the composition of the
fuel, and partly on the temperature employed. If a fuel
rich in oxygen and hydrogen is quickly heated, it will yield
the greatest amount of volatile products. These are
partlyliquid (tar, naphtha, and acetic or ammoniacal water),
and partly gaseous (carbonic oxide, carbonic acid, and
light and heavy carburetted hydrogen). The more oxy-
gen a fuel contains, the more carbonic acid and carbonic
oxide it will produce ; the more hydrogen it contains, the
more illuminating gas it yields. The applicability of a
sample of coal to the production of illuminating gas
depends on these conditions.

Coal distilled'at a low temperature yields much tar and
comparatively little gas, and, when a very high temperature
has been used, less tar and more gas is produced, but the
great heat will have reacted on the gas and injured its
illuminating. qualities. If the coal contains pyrites, the
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gas will contain sulphur compounds. The amount of
water produced is generally larger than that of the tar.

In order to estimate the amount of volatile matter given

off from any particular sample of coal, proceed in the fol-
lowing manner: Place a given weight, say 200 grains,
of the coal in an 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 standing in the pneumatic trough. Raise the tem-
perature very gradually to redness, and continue the heat
until no more gas is given off, then ascertain its quantity
in cubic inches, with due correction for temperature and
pressure.
8. ExAMINATION OF THE CoKE OR CHARCOAL LEFT BEHIND ON
CarpontsaTroN.—The amount of coke or charcoal yielded
by a sample of fuel is found by the last operation. This
residue is the amount of coke which that particular sample
of coal produces ; and its weight, divided by two, gives
the percentage of coke.

The process of coking, charring, or carbonising fuel,
whilst it drives off some of the valuable hydrocarbon con-
stituents, also gets rid of all the aqueous elements. And
therefore, the coke or charcoal which is left behind has
its value greatly increased when high temperatures are
required, although, from the absence of flame-yielding
constituents, it is much more difficult to ignite.

The degree of inflammability of coke or charcoal is
relatively the same as that of the raw fuel from which they
were produceéd. The more inflammable a fuel has been,
the more inflammable' will be the coke or charcoal pro-
duced from it.

The temperature employed in the carbonisation, as has
been already explained, exerts great 1nﬂuence on the yield
of coke.

If the fuel contains iron pyrites, part of ‘the sulphur
goes off in the volatile portion, but from } to.] 3 is retamed
in the form of FeS.

9. DETERMINATION OF THE AMOUNT oF Asm—In order to
ascertain the amount of ash’: Fully ignite-about 50 grains
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of coal in a platinum capsule, allowing the air to have free
access all the time until nothing but ash is left. Its
amount may then be ascertained by weighing : good fuel
should contain little ash. It may vary from 1 to 10 per
cent., but if it exceeds d per cent. it becomes deleterious.
The chemical composition of the ash also influences the
quality of the fuel to some extent.

10. DerermMINATION OF THE AMOUNT oF SuLPHUR—This is
an important operation in the assay, as a coal containing
sulphur cannot be employed for particular operations, and,
indeed, those which contain much sulphur ought only to
be used for the commonest purposes. This assay is most
important to ironmasters as well as to steamboat 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 corroding and destroying
action on iron and copper. Where sulphurous coals are
continually burnt under boilers, the metal of the latter
becomes deteriorated, and the boiler is rapidly rendered
useless. Sulphur exists in coal in the form of iron pyrites ;
this can generally be detected by its brassy colour. Some
coals and lignites also contain calcium sulphate, and in
rare cases barium sulphate.

The process for the determination of the amount of
sulphur in coal is not difficult. 1 part of the coal is to be
finely pulverised, and then mixed with 7 or 8 parts of
potassium nitrate, 16 parts of common salt, and four parts
of potassium carbonate, all of which must be perfectly
pure ; the mixture is then placed in a platinum crucible
and gently heated. At a certain temperature, the whole
ignites and burns quietly. The heat is then increased until
the mass is fused : 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 barium chloride added to it as long as a white preci-
pitate forms. This precipitate is barium sulphate, which
must be collected on a filter, washed, dried, ignited, the
filter burnt away, and the remaining barium sulphate
weighed : every 116 parts of it indicate 16 of sulphur.
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Dr. Price has drawn attention to a source of error
which has hitherto escaped notice in the estimation of sul-
phur, where fusion of the substance with nitre is the pro-
cess employed. This author has found that unless great
care be taken to prevent the fused mass passing over to
the outside of the vessel, and so coming in contact with
the flame, or products of combustion, an appre01able and,
in some cases, serious error will arise, owing to the sul-
phuric acid produced from the sulphurous acid in the
flame—a product of the oxidation of the sulphide of car-
bon contained in the gas—combining with the potash of
the fused salt. Several experiments have been made to
ascertain the amount of error that may be occasioned from
the above cause. In one instance, the flame issuing from
a Bunsen’s burner was made to strike against a little fused
nitre on the under-side of a small platinum dish, when, in
three quarters of an hour, as much sulphuric acid was
obtained as is equivalent to 12 milligrammes of sulphur.
As a check on these experiments, nitre was fused by the
flame of the spirit lamp, when, as was to be anticipated,
no: a trace of sulphuric acid could be detected upon the
addition of a barium-salt to the aqueous solution of this
fused mass, rendered acid by hydrochloric acid. In de-
terminations of sulphurin coke or coal, great care should,
therefore, be taken to prevent any of the fused saline con-
tents of the crucible from getting on to the outside. In
fusing pig-iron with nitre, a process recommended by some
for the estimation of the sulphur it contains, the mass,
especially if the iron be rich in manganese, invariably
creeps over to the outer wall of the crucible; and it is,
therefore, impossible to obtain correct results when the
operation is conducted over the gas flame. The assayist
should for these reasons always employ a spirit flame in
preference to gas in sulphur determinations.

Teikichi Makamura recommends the following proce-
dure: 3 or 4 parts of the mixed alkaline carbonates, or of
sodiumn carbonate, are intimately mixed with one part of
coal in very fine powder in a large platinum dish. The
mixture is heated at first very gently, a spirit lamp being
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used instead of a Bunsen, to prevent possible absorption
of sulphur ; the heat is then raised slowly without attain-
ing that of visible redness, until the surface becomes
only faintly grey. No smoke or odorous gases should
escape during the whole of the oxidation. The tem-
perature is now raised to a faintly red heat for sixty
minutes, at the end of which time the mass is perfectly
white or reddish if iron be present. The mass is not
to be stirred during the ignition. The residue is heated
with water, filtered, and the sulphates determined in
the ordinary way.

11. EXAMINATION OF OTHER PECULIARITIES oF FueL.—
Besides the above-named examinations, the assayist should
notice the degree of inflammability of the fuel, and whether
any particular smell isevolved during combustion ; whether
the coal is good for coking purposes; whether it burns
with a large smoky flame or a luminous flame ; whether it
burns quietly or with decrepitation; and whether the ash
18 dusty or fusible, and likely to accumulate and clog up
the grate-bars.

Carcuration oF REesurrs.—It may be sufficient here to
state that, beside the percentage composition of the coal,
it is proper to reduce the composition to the combustible
=100, in order to obtain a proper comparative estimate
of the character of the fuel itself (in regard to the propor-
tion of bitumen and carbon), and of the amount and
quality of the impurities (ash and moisture). It has also
been shown that, for considerable areas of the coal-field,
the sum of the constituents on the scale of combustible=
1001is the proper calorific equivalent, and that the percent-
age of the combustible in the fuel gives a proper estimate
of its value.

Assay oF Coarn BEFORE THE Browrrpe.—The blowpipe
method is well adapted to the assaying of coal. Not only
does the portableness of the apparatus make it very con-
venient for use away from home, wherever the balance
can be set up; but its use at home is quite as satisfactory
on the score of exactness as the assay with the muflle or
retort, or large platinum crucible and large balance. Mr.
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B. 8. Lyinan gives the following -directions for carrying
out this assay :—

Besides the ordinary pieces of the blowpipe apparatus,
as made at Freiburg, all that needs to be made expressly
for the coal assay is a small covered platinum crucible of
the same size and shape as the clay crucibles of that appa-
ratus; and there must be a little ring for the crucible to
stand on, of German silver, about three-eighths of an inch
across and half that in height. Such a crucible cover and
ring weigh about 2} grammes more than the ordinary
metallic cup that rests on the pan of the balance; the
crucible and ring with the cover weigh less than 2 grammes
more than the cup. If it be desired to determine the
amount of hygroscopic moisture in the coal, a small drying
bath must be made too; but the hygroscopic water in
ordinarily well-dried coals (not brown coals) is of little
importance.

The size of the crucible allows the coking of 200 to
600 or more milligrammes of coal, according to the dry-
ness of the coal and the extent of its swelling up when
heated ; and as the blowpipe balance weighs within 1-10th
of a milligramme, it is easy to weigh within much less than
1-10th of one per cent. of the amount of coal assayed,
much nearer, in fact, than the exactness of the coke assay
in other respects. On this point, indeed, the blowpipe
assay 1s quite as good as the assay with the larger balance,
especially the muffle assay, where the coal must be brushed
into a clay receptacle after weighing, and the coke or ashes
brushed off from it before weighing ; while here the cru-
cible is weighed each time without removal of its contents,
and without danger, therefore, of losing anything or adding
any dust. It may be objected that the smallness of the
amount of coal that can be assayed with the blowpipe
makes it a less trustworthy indicator of the general com-
position of the coal than a larger assay; but the size of
the lumps or powder assayed may be made finer accord-
ingly, so that, when mixed up, an equally just sample of
the whole mass would be got for the small assay as for the
large.
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Anyone who has had a little experience, both in the use
of the blowpipe and in the ordinary muffle assay of coal, -
will scarcely need any further teaching for the coal assay
with the blowpipe. For others it is worth while to say
that the coal may be assayed either in a fine powder or in
little lumps, and either with a slowly increasing or with a
quickly increasing heat. .A quick heat will give less coke
by several per cents., but will often make a dry coal cake
together that would not cake with a slow heat. The
cover of the crucible should be left open a little, for the
easy escape of the gas, but covered enough to prevent any
flying off of solid material. The heat should increase to
redness, and as soon as the escaping gas stops burning the
heat should be stopped. As some coals part with their
gas more quickly than others, of course no definite time
can be fixed for heating all coals ; but the burning of the
gas is a good enough sign. Care should be taken not to
let the coke take up moisture from the air before weighing,
as it will quickly do if it has a chance. Of course, owing
to the different effects of quick or slow heating, a certain
uniformity of result, even with perfectly uniform samples
of coal, can only be got without error by practice and by
mechanical skill, by reproducing with nicety the same con-
ditions in successive assays.

After the coke has been weighed, it can be heated
again with very free access of air, say with the crucible
tilted to one side, and the cover off, until everything is
thoroughly burnt to ashes ; and these should be ré-heated
until no change for the less is made in the weight. With
free burning, soft (semibituminous) coals this burning to
ashes is very slow, so that it is very fatiguing or even im-
possible to carry it out with a blowpipe ; but in that case
the crucible may be heated over a Bunsen gas-burner or
an alcohol lamp, and left to glow for hour after hour.
The coking is far more conveniently done in the same way
than by blowing with the mouth.

As an illustration of the degree of accuracy which this
method may be expected to give, the author adduces a
pair of blowpipe assays, made five years ago, of some West'
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Virginia asphaltum, that seemed itself to be much more
uniform in composition than coal from different benches in
one bed is apt to be :—

Volatile Matter Coke Ashes
No. 1 " . 47-29 per cent. 52-71 per cent. 1-65 per cent.
No:27=r . 4693 5307 1-61
Mean c il 2: 3 1 G 52:80 iy s

Varvarion or Coan For THE PropucrroN oF ILLuMINATING
Gas—Take 100 grs. of the coal in small lumps, so that
they may be readily introduced into a rather wide com-
bustion-tube. This is drawn out at its open end (after the
coal has been put in) so as to form a narrow tube, which
is to be bent at right angles ; this narrower open end is to
be placed in a wider glass tube, fitted tight into a cork
fastened into the neck of a somewhat wide-mouthed bottle
serving as tar vessel (hydraulic main of the gasworks).
The cork alluded to is perforated with another opening,
wherein is fixed a glass tube, bent at right angles for con-
veying the gas first through a chloride of calcium tube,
next through Liebig’s potash bulbs containing a solution
of caustic potash, having lead oxide dissolved in it. Next
follows another tube, partly filled with dry caustic potash,
and partly with calcium chloride; from this last tube a
gas-delivery tube leads to a graduated glass jar standing
over a pneumatic trough, and acting as gas-holder. Before
the ignition of the tube containing the coal is proceeded
with, all the portions of the apparatus are carefully weighed
and next joined by means of india-rubber tubing. After
the combustion is finished, which should be carefully con-
ducted, so as to prevent the bursting or blowmb‘ out of
the tube, the different pieces of the apparatus are discon-
nected and weighed again. The combustion-tube has to
be weighed with the coal after it has been drawn out at
its open end, and with the coke after the end of the com-
bustion when it is again cold ; and for that reason care is
required in managing it. We thus get the quantity of
tar, ammoniacal Water, carbonic acid, and sulphuretted
hydrogen (as lead sulphide); and the gas is measured by

M
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vitriol or by being passed through a bottle containing
fragments of dried calcium chloride before it is used for
assaying purposes. This gas will only be required in very
accurate assays, which are generally performed where
there are ample conveniences for generating pure hydro-
gen gas. The gas is inodorous, invisible, and colourless
when absolutely pure. It is a most powerful reducing
agent, and reduces a great number of metallic oxides at a
red or 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 abso-
lute purity, this is the only reducing agent admissible, as
others give the metal combined with a certain proportion
of carbon.

CarBoN.—Found in large quantities in the mineral
kingdom, but generally combined with other bodies. In
a 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 for combus-
tion a higher temperature than ordinary charcoal. After
the diamond, the varieties of carbon found in nature or
artificially prepared, are :—

1. Brack-1eap or GrapmITE.—This is a mineral found
in beds in the primitive formations, principally in granite
and mica-schist. It is generally mixed with earthy sub-
stances, and rarely yields less than 10 per cent. of ash.
Before employing it for reduction purposes it should be
purified. Lowe * has given an excellent plan for effecting
this object.

DerErMINATION OF THE VALUE OF GRAPHITE.—G. C. Witt-
stein  heats a gramme of the sample to dull redness, and
takes the loss as water. The residue is ground up with
3 grammes of a mixture of equal equivalents of potassium
and sodium carbonates, introduced into a platinum?cru-
cible, covered with one gramme of potash or soda, and
slowly heated to redness. The crust which is formed

* Polyt. Centr. 1855, p. 1404. 1 Dingler's Polyt. Journal, 216, 45.
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must be from time to time pushed down with a platinum
wire. After fusion for half an hour it is let cool, softened
with water, heated almost to a boil for a quarter of an
hour, filtered, washed well, and the liquid set aside.

The residue on the filter is dried, placed in a small
flask, the ashes of the filter added, and about three grms.
of hydrochloric acid (sp. gr. 1-12) poured in. On the
mixture becoming slightly gelatinous a few more drops of
the acid are added, the digestion is continued for an hour,
the mixture diluted with water, filtered, and washed. Pure
graphitic carbon remains on the filter, and is dried, slightly
ignited, and weighed. The acid filtrate mixed with the
former one of an alkaline character is evaporated to dry-
ness, and-in it silica, alumina, ferric oxide, &c., are deter-
mined in the usual manner.

2. Awrmracrte.—This is another species of fossil carbon
much resembling ordinary coal, but differing from it by
burning with neither smell, smoke, nor flame.

3. Coke.—This is the residue of coal 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 in-
tense heat. Oven or furnace coke is preferable, as it is
harder, lasts longer, and is more economical in use.

4. Woop Crarcoar.—This 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 pulverised,
passed through a sieve, and preserved in well-stopped
vessels. 'Wood charcoal is never perfectly pure, generally
containing, besides ash, a proportion of hydrogen and
watery vapour ; these bodies are not generally prejudicial,
but in some experiments ash must not be present : in that
case pure charcoal may be procured by heating sugar to
redness in a closed crucible.

The advantage of carbon as a reducing agent consists
in its great aflinity for oxygen, which at a red heat sur-
passes that of most other substances. Charcoal by itself
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possesses two inconveniences : first, it has the property of
combining with many metals; and 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 portion
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 cementa-
tion in a lined crucible, but there are some cases in which
~ this mode of reduction is inadmissible.

Coke should never be used as a reducing agent in
assays when it is possible to avoid it. It often contains
a very large proportion of earthy and other extraneous
matters (more partlcularly sulphur, which is very in-
jurious). Coke is never so good as wood charcoal as a
reducing agent, because it burns more slowly. 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
quantities, it is sometimes employed, being finely powdered
and sifted previous to use.

Tre Farry Oms.—The name oil is generally given to
those bodies that are fat and unctuous to the touch, more
or less fluid, insoluble in water, and combustible. They
all become solid at various degrees of temperature.
There are some which, at the temperature of our climate,
have constantly a solid form, as butter, palm-oil, cocoa-nut-
oil, &ec.

Tarrow is an animal product analogous to the fatty oils
in properties.

Resins—The greater part of the resins are solid, but
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some are soft. ‘'They are brittle, with a vitreous and
shining fracture, and are often transparent. They are very
fusible, but cannot be raised to their boiling point without
partial decomposition.

Although all the bodies just mentioned consume in
their combustion a large quantity of oxygen, they cannot
generally effect the total reduction of an 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 produced by the action of heat; so that their use
is very limited and uncertain. Whenever they are em-
ployed as reducing agents, without covering the substance,
a loss is experienced, on account of the bubbling and boil-
ing 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 reduc-
tion 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 erucible will
soak up. Fat or resin is also used to prevent the oxida-
tion of the surface of a metallic bath (as in the fusion of
bar-lead samples), by coating the metal, and preventing
the action of the atmospheric oxygen.

Suear 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 it undergoes a great increase in volume when heated ;
so that losses in an assay may occur by the use of this
agent. To purify sugar from mineral ingredients it should
be recrystallised from alcohol. It then may be used
as such, or after carbonisation. It yields about 14 per
cent. of charcoal : this is pure carbon, and leaves no resi-
due when burnt ; it is, therefore, preferable to wood char-
coal in cases where no foreign matter should be introduced
into the assay.

Starcr, well dried, and, better still, torrified, is em-
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ployed with advantage as a reducing agent, and is better
than 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 bereduced. Wheat
and rye flour have nearly the same qualities as starch.
They are sometimes used.

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 con-
tain no earthy substances.

Tarraric Acip is the reducing agent in cream of tartar,
or argol, of which so frequent useis made; but the acid is
.never employed by itself. When heated in close vessels,
it fuses and decomposes, giving off combustible gases, leav-
ing a little charcoal. It burns when heated in contact
with air, giving rise to a peculiar and not unpleasant
odour.

Oxarrc Aco fuses at a temperature of 208° without
decomposing, but when heated to 230° it is decomposed,
giving rise to carbonic acid, carbonic oxide, and a little
formic acid vapour, and when heated strongly some por-
tions volatilise without decomposition ; it does not leave a
carbonaceous residue. :

The property which oxalic acid possesses of not leaving
a residue would render it remarkably valuable for the re-
duction 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 em-
ployed. When it is combined with a base, as potash in
potassium binoxalate, its reducing power is much aug-
mented.

Ammontum OxaraTE, when heated in close vessels, is de-

composed. Its reducing power is nearly double that of
oxalic acid.
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ComPARATIVE REDUCING POWER OF THE ABOVE AGENTS.—In
order to give an idea of the comparative reducing power
of the agents just described, the result of some assays
made on them by Berthier, by means of litharge, are given
below.

By heating the same weight of each reducing agent
with an excess of litharge, buttons of lead were obtained,
whose weights were proportional to the quantity of oxygen
absorbed, and by comparing them with each other the re-
ducing power of each flux is given; by taking for unity
the weight of the reagent, calculation has proved that
1 part of pure carbon reduces from litharge 34:31 of
lead. The following are the results of Berthier’s experi-
ments :(—

Hydrogen . . o 5 opad o . 104-00
Pure carbon . 5 : ? . 3431
Calcined wood charcoal . . h . 3181
Amber resin . ) 282 5 . 3000
Ordinary wood charcoal . . .. 2800
Animal oil . s : 5 . 17:40
Tallow 3 : 3 3 A 3 .~ 1520
Resin . : . . 3 3 . 14:50
Sugar S g o . . 1450
Torrified starch 4 . . £ . 1300
Common starch . 2 2 3 y . 11-50
Gum-arabic 3 . 3 3 4 111500
Tartaric acid . ) . f o . 600
Ammonium oxalate . d A s AR 1 70)

Oxalic acid 2 : . : : f ‘00

It must be borne in mind that these numbers do not
represent the quantities of oxygen each reagent would ab-
sorb in complete combustion ; but that it only indicates
the quantity of metal produced by equal weights of the
reagents.

In assaying, however, it is rarely that these agents are
used by themselves; they are generally mixed with a flux
properly so called, which will be more particularly de-
scribed under the head of Fluxes.

-MEeratuc IRoN 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 gener-
ally secondary, because it previously existed in the matter
subjected to assay, or was added for some other purpose.
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Merarnic LEap reduces but a very small number of
oxides, but it reduces many to the minimum of oxidation ;
it also decomposes some sulphates and arseniates.

II. OXIDISING AGENTS.

The oxidising agents in general use are as follows :—

Oxygen, atmospheric or combined.
Litharge and ceruse.

Lead silicates and borates.
Potassium nitrate.

Lead nitrate.

Manganese peroxide.

Copper oxide.

Iron peroxide.

The caustic alkalies.

10. The alkaline carbonates.

11. Lead, copper, and iron sulphates.
12. Sodium sulphate.

© 00T S ot G0 Lo

OxyGEN is a gas which has neither smell nor taste, and
is about one-tenth heavier than atmospheric air. It has
the property of forming compounds with nearly every
element, and its affinities are very energetic. Atmospheric
air consists of four-fifths nitrogen and one-fifth oxygen.

LitrareE is a fused protoxide of lead, and is generally
obtained from the silverlead works. When melted, it
oxidises nearly all the metals, except mercury, silver, gold,
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 occasionally mixed with a little of the red
oxide of lead; the presence of this in large quantities be-
comes 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
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pulverising, 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.

CEerUSE, or WHITE LEAD, is a carbonate of lead protoxide.
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 troublesome to use, as it is much
less dense than litharge ; large vessels must be employed
in consequence; besides, it generally contains a small
quantity of lead acetate or subacetate, and sometimes
metallic lead separates from it on ignition, 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 adul-
terated with barium sulphate. When it is pure, it dissolves
completely in acetic or nitric acid.

AcrioN or OxinE oF LeaD o 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 experi-
ments were made in a furnace capable of producing heat
enough for a copper assay.

Surerur.—Lead oxideis completely reduced by sulphur
with the formation of sulphurous acid, but not a trace of
sulphuric acid : thus 8+2PbO=2Pb +80,.

SeLENIUNM 1s dissolved by oxide of lead in all propor-
tions; but these bodies exercise mno action on each
other.

TeLLuriun is strongly attacked and converted into tel-
Juric acid, which combines with the oxide of lead when
the latter is in excess (Te + 4PbO=3Pb+Pb0O,Te0;). If the
contrary be the case, the excess of acid is volatilised and
telluride of lead produced (2Te+ 3PbO=TePb,+ TeO,).

Azsenic.—When metallic arsenic is heated with litharge,
if the latter be employed in great excess, all the arsenic is
oxidised (As,+3PbO=As;0,+3Pb); if not, a part only is
oxidised, and lead produced ; the remainder volatilises, or
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forms a lead arsenide. (For nature of reaction, refer to
the preceding metal, Tellurium.) Mixtures of
Arsenic . . . 7524 3760 940
Litharge. . . 11160 11160 11160
gave: No. 1, a lamellar metallic button, and a compact
vitreous slag of a fine orange-colour. The fusion was ac-
companied by a considerable amount of arsenical smoke.

No. 2 gave a semi-ductile metallic button, with a
lamellar fracture, like galena, but not so blue, and a trans-
parent vitreous orange-coloured slag.

No. 3 yielded a button of lead and a deep olive-
green slag, very crystalline, 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 of this acid.

Lead reduces, in part, arsenious acid; in the same
manner, arsenic partly reduces oxide of lead. A mix-
ture of '

Arsenious acid . : 5 . 3 . 12-40

Lead . 0 g . . . . . 38-80
produced on fusion a very arsenical vapour, and yielded
32 parts of arsenide of lead, which was deep-grey, semi-
ductile, and had a granular fracture ; a fine orange-yellow
vitreous lead arsenite was also produced.

Axrtivony.—The two following mixtures of antimony
and litharge :— :

Antimony . . S TR i () 10

Litharge . 5 . 5 . 40 80
gave (No. 1) 23 parts of lead, and a compact, well-fused
slag, of a topaz yellow colour, which contained more than
one-third of its weight of antimony protoxide (Sb +3PbO
=8b0;+3Pb). The second gave 26 parts of lead, and a
very fluid glass, which cooled rapidly, and was opaque,
like yellow wax ; it contained

Lead oxide . . . 3 . 5 . 52

Antimony protoxide . e e . 186

Tix.—This metal, cut into small fragments, was heated
with the following quantities of litharge : —

Tin . . 5 . 10 10 10
Litharge . o . 375 80 120
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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 parts of lead, and a semi-
fused slag, compact and opaque, the colour yellowish-grey.
It contained

Lead oxide : a . . . : . 52
Tin protoxide . e . . g g . 114

The third mixture produced 26-3 of lead, and a very
fluid slag, which was compact, opaque, and greyish-yellow
with a granular fracture (Sn+PbO=8SnO+Pb). It con-
tained

Lead oxide . . s . . . . 970
Tin oxide . . . . . . . 114

Zinc.—Ten 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 was covered with a crystalline slag,
like litharge, opaque and yellowish, but in small plates.
This experiment proves that about one-fifth of the zinc
employed is volatilised, whilst the remainder reduces the
litharge (Zn+PbO=Zn0 +Pb). The slag contains

Lead oxide . . 5 o o . . 877
Zinc oxide . 5 c 5 . c . 123

Bismura.—Twenty parts of bismuth heated with 40 of
litharge gave a ductile metallic button, tin-white, and
weighing 24-3 parts, and a crystalline slag, like litharge.

Iron.—M. Berthier heated metallic iron with litharge
in the following proportions—
Iron wire c . . . 10 10
Litharge . c o 5 . 100 160
The first mixture gave 40 of lead, and a pasty, com-
pact, opaque slag of a deep metallic-black colour, and very
magnetic (Fe+PbO=FeO+Pb). There was no metallic
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iron, but some globules of lead were present. The slag
contained about

Lead oxide . . S . : . . 559
Iron oxide . . ? . H . . 134

The second mixture gave a button of lead, weighing
466, and a very fluid, compact, opaque slag, with an un-
equal shining lustre, deep-brown, and very magnetic. The
slag contained nearly

Lead oxide . 5 c 2 : 8 . 110
Iron oxide . 0 : : 5 : . 134

CorpEr.—The following are the results obtained with
different mixtures:—

Copper . .158 158 158 158 158
Litharge . . 139 279 558 1674 3348

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. The slag

contained
Lead oxide . = . 5 c . . 103
Copper suboxide . S A 5 5 24
and the button—
Goppers 5+ M3 T R U, T AR S 1] 3:0
Lead . : . . 0 - 3 . 34

The button produced by the second mixture was ex-
teriorly copper-red, and interiorly grey, spotted with red ;
it weighed 178, and the slag was compact, reddish-brown,
and opaque. The slag contained

Lead oxide . 0 : 3 : ] . 22:3

Copper suboxide . . : : A 56
and the button—

Copper . . . : . g ; . 124

Lead . . . . a g ; . 52

The third mixture gave a button similar to the last,
weighing 18 parts, and a compact, opaque, reddish-brown
slag. It contained

Lead oxide . 3 3 5 : d . 498
Copper suboxide . . . : g . 38
The button was composed of

Copper . : 3 5 : ] E . 124
Lead . . . . . . . . 56
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With the fourth mixture, a button weighing 256 was
produced, and a slightly crystalline, reddish-brown slag,
which contained

Lead oxide o c . . 5 . 15128
Copper suboxide a 0 c 0 . 1032

and with the fifth, a grey metallic button, weighing 23-6,
and a crystalline slag in large plates, like litharge, yellow-
ish green and reflecting green. The analysis of the button

gave Copper . . : . . : . . 36
Lead . . . . . . . . 200

and the slag contained
Lead oxide 5 o 5 5 9 . 313-28
Copper suboxide o« ... 1872

Acrion oF CorpErR OximpEs upoN Leap.—Copper 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 copper 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 . .29 259 259 388 518
Copper suboxide . . 198 149 99 99 99

All of these gave an imperfect alloy of copper or lead,
and a very fusible slag composed of lead oxide and copper
suboxide. The first produced a very small globule of
copper and a very fluid slag, having a much greater ten-
dency to run through the body of a crucible than litharge.
Cooled slowly, it was reddish-brown, opaque, and had a
finer texture. It was composed of

Teadoxide . . . . . . .279
Copper suboxide o c . c o MRS

The second mixture produced a button of copper weigh-
ing 4-4, and a deep reddish-brown slag, composed of

Lead oxide . . 5 . . s . 277
Copper suboxide . . . o o 5

The button gave—

Copper . . 5 5 o 5 o . 41
Lea . o : . . a o . 03
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The third gave a metallic button weighing 88, and a
deep red, opaque slag, which contained

Lead oxide . : . 3 . . . 2489

Copper suboxide . 3 3 : 3 22 SN
The button contained

Copper . . B Ay n e .. 59

Lead . . : S0 A 29

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 1 per cent. of copper sub-
oxide.

Leap Stucates ANp Borates behave as litharge, but they
oxidise less rapidly. v

They may be prepared by fusing together 1 part of
silica or boracic acid with 1 part of htharoe The borates
are more fusible than the silicates, but thelr use is attended
with inconvenience, as they swell very much in fusing.

Porasstum anp Sovtum NITRATES fuse at a temperature
below redness, without alteration, but when heated more
strongly they give up oxygen. The action of these salts,
when fused, 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 preparing
some fluxes. They ought always to be employed in a
state of purity. .

Saltpetre often contains impurities. On this account
a determination of the real amount of potassium nitrate
often becomes necessary, not only in cases where saltpetre
is to be used for docimetric purposes, but also when used
in certain technical operations, viz. the manufacture of
gunpowder, enamel, &e.

If saltpetre is very impure, it may easily be purified
by recrystallisation to such a degree that it will only con-
tain 2 to 3 per cent. foreign substances (chiefly sodium
chloride).

An exact assay of saltpetre is most difficult, and the
different modes in use are not quite accurate, on account
of the chemical properties of the nitric acid, potash, and
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soda, which substances are generally contained together in
saltpetre, and cannot be perfectly estimated by means of
reagents. This is chiefly the case with the nitric acid and
soda.

Soda is frequently found in saltpetre, as the manufac-
turers often intentionally mix the raw saltpetre with soda-
saltpetre, and it is also often manufactured from a mixture
of soda-saltpetre and potassium carbonate.

Assay or Savreerres.—The following are the different
modes of assaying saltpetre.

a. To determine the nitric acid directly, 150 grains of
the well-ground sample are mixed with six times the weight
of well-powdered silica, placed in a platinum capsule and
dried in the water-bath till there is no further loss of
weight. The temperature is then raised to dull redness
for about half an hour, by which the whole of the
nitric acid is expelled. Its quantity is found by weighing
the cold crucible.

Sodium nitrate may be treated in the same manner.

The most usual, though not the’most satisfactory, pro-
cess for the assay of potassium and sodium nitrates is to
determine the total impurities, viz. water, insoluble matter,
alkaline chlorides and sulphates, and the residue being
taken as pure nitrate.

b. Gay-Lussac’s Mope of assaying saltpetre consists in
converting the potassium nitrate into potassium carbonate,
and in determining its amount volumetrically by means of
standard sulphuric acid.  2-639 grs. of saltpetre are mixed
with 1 gr. of ignited pine-root, and 12 grs. of ignited and
finely pulverised sodium chloride (the latter is added in
order to moderate the combustion), and this mixture is
heated in a platinum crucible. After cooling, the mass is
extracted by water, and either a standard solution of sul-
phuric acid or oxalic acid is added to the solution. The
sulphuric acid is prepared by mixing 70 grs. of sulphuric
acid, sp. gr. 1-84, with 600 grs. of water, and to this mixture
so much water is added again that 100 measures of it will
saturate 6,487 grs. of potassium carbonate. The number of

= .
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measures used for saturation will then indicate directly
the percentage of potassium carbonate.

The following foreign substances in raw saltpetre
should be determined.

Water.—Twelve to 20 grammes of air-dried, finely
pulverised saltpetre are heated in a porcelain crucible to
120° C., and the resulting loss is calculated as water.

ﬂfechamcally mized Impumtzes —The substance ob-
tained in the former assay is dissolved in hot water, and
filtered through a dried and weighed filter. The residue
1s well washed with hot water, dried on the filter at
120° C., and weighed. On deducting the weight of the
filter, there will be left the weight of the mechanically
mixed impurities (alumina, silica, calcium carbonate, iron
peroxide, &c.), which usually amount to 2 to 5 per cent.

Lime and Magnesia.—These substances are precipitated
as carbonates, in the former filtered solution raised to the
boiling-point, by sodium carbonate; the carbonates are
then dissolved in hydrochloric acid, and neutralised with
ammonia. The lime can be precipitated by oxalic acid,
and filtered off'; the magnesia which remains in solution
may then be precipitated by sodium phosphate.

The amount of lime in East Indian raw saltpetre which
has been once crystallised varies between 0-216 and 0-265
per cent., the amount of magnesia between 0-263 and 0-28
per cent. :

Chlorine.—Two to 3 grammes of raw saltpetre are dis-
solved in about 30 grammes pure warm water, in a flask
furnished with a tight-fitting stopper, and the amount of
chlorine is determined by a standard solution of nitrate of
silver. The latter is prepared by dissolving 4-793 grammes
of silver nitrate in 1,000 burette divisions of water ; each
division of the burette will then indicate 0:001 gramme of
chlorine. The solution, after being warmed and acidulated
with nitric acid, is mixed gradually with the solution of
silver ; after each addition of the latter, it is to be shaken
and then allowed to rest.

The amount of chlorine determined by this assay is
calculated as being derived from % potassium chloride, and
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4 sodium chloride, so that 1 part of chlorine corresponds
to 1927 part of metal (1-285 potassium, 0:642 sodium).
Experience has proved that East Indian saltpetre contains
potassium and sodium chloride in these proportions.

Sulphuric Acid—Six to 8 grammes of raw saltpetre
are dissolved, and from this solution diluted and heated
to the boiling-point, the sulphuric acid is precipitated by
means of a standard solution of baryta. By using a solu-
tion of 3:26 grammes of barium nitrate in 2,000 parts of
the burette, each division of the latter will correspond to
0:0005 gramme sulphuric acid. The amount of sulphuric
acid in East Indian raw saltpetre varies between 0-05 and
0-11 per cent.

Sodium Nitrate.—This determination is most difficult,
and the following modes are recommended.

a. Perfectly pure potash-saltpetre is mixed with differ-
ent quantities of soda-saltpetre. These mixtures are put
under a glass bell-jar, together with a quantity of the raw
saltpetre to be assayed. The glass bell must contain also
a vessel with water. After a certain time, it is ascertained
which of the standard samples corresponds in weight with
the raw saltpetre.

The results so obtained are of value only if no other
hygroscopic salts (magnesium, chloride, &c.) are present.

B. Longchamps’ mode is based upon the decomposition
of soda-saltpetres by potassium chloride, producing sodium
chloride and potassium nitrate, The saltpetre is mixed
with potassium chloride, and the solution evaporated
down. By this operation, first sodium chloride and after-
wards saltpetre become separated. The latter is washed,
dried at 150° C., and weighed. Werther has recommended
a similar mode.

If the saltpetre does not contain certain oxides, such
as alumina, lime, &c. (or if, previously present, they have
been precipitated), a solution of potassium antimoniate
will precipitate the soda contained in the saltpetre solution.
The precipitate consists of sodium antimoniate, 100
parts of which contain 84:39 antimonious acid, and 15-61
soda. 2

N 2
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The presence of soda is also to be ‘ascertained by
washing saltpetre with a saturated solution of pure potash-
saltpetre. This saturated . solution will then contain a
proportionally large amount of sodium nitrate. If a small
quantity of the solution is made to crystallise upon a
watch glass, soda-saltpetre, showing a rhombohedric form,
may be detected by means of a microscope, while potash-
saltpetre crystallises in prisms, and sodium and potassium
chlorides in cubes arranged in the form of steps.

Soda-saltpetre (Chili- or cubic-saltpetre) may, in many
cases, be substituted for potash-saltpetre.

Leap NITRATE acts in a similar way to the two last-
mentioned salts. It is prepared by dissolving litharge in
nitric acid, and crystallising the solution.

MancanesE PEROXIDE is easily reduced to the state of
protoxide by many metals, and is a very powerful oxidis-
ing agent ; but is rarely employed, because its compounds
are very infusible. "It is employed occasionally in the
purification of gold and silver.

CorrEr OxXIDE is not much 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: and
other metals, as iron, for instance, totally reduce it.

Iron Peroxipe.—This, like copper oxide, sometimes acts
incidentally as an oxidising agent.

Tae Caustic ALKALIES, PorasH AND Sopa, fuse below a
red heat, and volatilise sensibly at a higher temperature.
Charcoal, at a high temperature, decomposes the water
combined with the hydrates of potash and soda, con-
verting them into carbonates, but an excess at a white
heat decomposes the carbonate, and potassium or sodium
is the product.

Porasstum AND Soprum CARBONATES are very much em-
ployed 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;
part of it being decomposed, with the formation of car-
bonic oxide.
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LEap, CorrER, AND IRON SurpHATES.—These three salts at
a high temperature oxidise the greater number of the
metals, even silver, the sulphuric acid giving off oxygen
and sulphurous acid. They are used in the assay of gold.

Soprum SuLPHATE is not used by itself as a reagent, but
is a product in many operations ; it is either formed in
the course of an assay, or is contained as an 1mpur1ty n
some of the bodies used.

III. DESULPHURISING REAGENTS.

The oxygen of the atmosphere.
Charcoal.

Metallic iron.

Litharge.

The caustic alkalies.

The alkaline carbonates

Nitre.

Lead nitrate.

Lead sulphate.

Sl T Gty B8 B

1. TrE OxYGEN OF THE ATMOSPHERE acts as a desulphuris-
ing agent in roasting, combining with the sulphur present,
forming sulphurous acid (2FeS,+110=Fe,0;+4S0,) or
sulphuric acid (CuS+40=Cu0,S0;), sometimes both.

2. CHarcoar decomposes many sulphides by taking
their sulphur to form sulphide of carbon. It acts in this
manner with the mercury, antimony, and zinc sulphides
(2Zn8 + C=27n+CS,;).. It is only employed as an auxi-
liary to the desulphurising power of the alkalies and their
carbonates.

3. Iron separates sulphur from lead (PbS-+Fe=FPb
-+ FeS), silver, mercury, bismuth, zinc, antimony, and tin,
but only partially decomposes copper sulphide. Tt 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 aﬁimty for
sulphur.
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4. Lituaree (PbO).exercises a very energetic action on
sulphides, even at a low temperature. If it be employed
in sufficient proportion, the sulphide acted on is wholly
decomposed. The sulphur is often disengaged as sulphur-
ous 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 sulphide is considerable, and
varies according to its nature; some sulphides require
34 times their weight. When less than the requisite
quantity is used, only a portion of the sulphide is
decomposed, and a corresponding quantity only of lead
reduced, whilst the remainder of the sulphide forms, with
the litharge and the metallic oxide which can be produced,
a compound belonging to the class of oxysulphides, which
is generally very fusible.

When the sulphides 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 reagent, and its use is
nearly exclusively confined to the assay of sulphides
containing the noble metals, as these metals are thus
obtained as alloys of lead, which are afterwards assayed
by cupellation.

The following is an account of the behaviour of this
reagent with the ordinary sulphides.

Manganese Sulphide 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 oxidise simultaneously (MnS
+3PbO=MnOSO, + 3P b), and a manganese protoxide is
formed, which partly peroxidises, taking a brownish tint in
contact with the atmosphere. Berthier assayed the four
following mixtures :—

w

Manganese sulphide . . 8 5 © 5 5
Litharge . . , . 20 30 100 150

The first produced an infusible, greyish-black, scori:
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form mass, in which small plates, having the look of
galena, could be discovered. It was composed of the
sulphides and oxides of manganese K and lead. Much
sulphurous acid was 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 manganese sulphide.

The third fused readily, and produced 31-5 of ductile
lead, and a transparent, vitreous slag, of a deep hyacinth
red.

The fourth produced 33-7 of lead, exceedingly ductile,
and the desulphurisation was complete.

Tron Sulphide—Thirty parts of litharge are sufficient
to scorify iron protosulphide ; the metal is converted into
the protoxide (FeS+ 3PbO=FeO +S0;+ 3Pb).

The four following mixtures—

Iron protosulphide . o . 10 10 10 10
Litharge . o 5 o . 60 <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>