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PREFACE.

THE manufacture of enamelled ware is carried on

to greater extent in Germany and France than else-

where. This treatise is from the pen of a German

technologist of wide experience in enamel works,

and who is now the chief chemist and director of

large works in the French centre of the industry.

The book deals more especially with the process of

enamelling hollow-ware. It gives a description of the

raw material used in enamelling ;
it explains the

action and the effect of each substance, and states

the chemical combinations which take place. A
number of mixtures are given for obtaining given
effects or colourings. The process of enamelling is

followed up in detail from the mixing, melting, and

grinding of the enamel components ;
the annealing

and pickling of the sheets and castings ;
the appli-

cation of the enamel
;
the burning, decorating, etc.

It also compares utensils made of enamelled ware

with similar ones made of nickel and aluminium.

The book abounds in instructive matter which

throws much light on the intricacies of a branch of

industry in which very few people are posted, and

it is hoped that this English edition will be found

of great service.

October 1909.

c\ c\ f\ r\ o A
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CHAPTER I.

INTRODUCTION.

ENAMELLING, which was for too long regarded as an

insignificant though interesting industry, has, com-

mensurate with its extraordinary growth during the

last ten to fifteen years, become of considerably

increased interest and importance. An industry of

which the total output in Germany alone is estimated

at about 3,000,000 annually, and which directly

employs 20,000 workers in that country and from

12,000 to 14,000 in Austria-Hungary, has established

its title to economic existence.

Its growth dates from the time when the empirical

worker in the factory was displaced by the scientific-

ally trained technologist, who, investigating methods

hitherto jealously guarded, developed them
; and our

industry has this in common with most others of

importance, that while earlier generations of workers
i
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sought from an empirical standpoint to remove such

defects as made themselves manifest, it is their

successors, the trained men, who have succeeded in

divining the cause of the faults and so removing

them, and who, in addition, are able by a study of

the chemical and physical properties of enamels to

select the most suitable raw materials and use them

to the best advantage.

In this manner the industry has not only been

able to keep pace with the constantly advancing price

of raw materials, such as felspar, tin, tin oxide, cobalt

oxide, coal, sheet metal, and also wages, but by

simplification of production and improved methods

has won its way into popular favour and increased

general use.

For the progress attained, however, it is not only

the up-to-date worker that has to be thanked, but

the fortunate circumstance that manufacturers have

everywhere been found ready to encourage every

advance, even by costly and often fruitless outlay.

These men, with their untiring activity, have been a

source of inspiration to their juniors ;
and the latter,

with sound theoretical knowledge and high ideals

and aspirations, applied themselves to this new

calling which had lain so long outside the beaten

track of technical activity.

Trying work, many cares, and frequent reverses

awaited their efforts
;
but so much the greater was

the sense of satisfaction when a new advance was

chronicled, renewing the vitality of the industry,

and indicating fresh channels for its development.
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Owing to the exceptional nature of the enamel

industry, its literary treatment has been but meagre
in character, the existing literature being hitherto

of very inferior quality, since it is either entirely

obsolete, or at the most only up to the standard of

the uninitiated. It is true that a few actual treatises

for the worker are in existence,* but in general one

thinks of literature dealing with enamels as consist-

ing more or less of disguised enamel formulae. This

degraded materialism on the part of the majority of

experts may keep many a searcher after manufactur-

ing recipes from the existing publications. It must

be stated, moreover, that the publication of formulae

not only frequently entails a breach of confidence,

but may also be absurd and misleading.

It is hardly necessary to state that one and the

same formula is not suitable for all work, and that

the chemical composition of the materials employed,
of the sheet metal, the kind of fuel, the muffle and

smelting furnaces, and the methods adopted in the

enamel works themselves, have a definite influence

on the composition of an enamel formula. The

true expert will easily be able, after a short time, to

prepare on demand the most suitable enamel possible

for a given work. The difference between the

formulae often lies in quite small but nevertheless

important deviations, since in essentials the nature

of the formulae is the same everywhere ;
for the

*
I gladly make an exception in the case of the interesting

economical study of Dr H. Wuppermann, on The Industry of
Enamelled Hardware in Germany.
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enamels are chemical compounds, which are only

capable of variation between certain narrow limits.

Again, value and knowledge are not to be gained

from the formula-book, but from experience and

intelligence.

Finally, the technologist's experience of the

process is not his exclusive property, for though
he may in the main thank his own intelligence, yet

almost always his knowledge has been acquired at

the owner's expense.



CHAPTER II.

THE RAW MATERIALS.

Felspar. This important material is obtained

almost exclusively at the present time from Norway.
The felspar may often safely be replaced by an

indigenous mineral such as one finds in Bohemia,
where it occurs in sufficient quantity and purity. A
good felspar should be colourless, or at the most

appear faintly yellow (Mosserfe/spar) or maroon, and

should possess the following composition as nearly

as possible :

Siliceous earth. . . 65*0 per cent.

Alumina . . 18*0

Alkalies . . . .16-5

The purer the felspar and the less it is contaminated

by iron oxide, etc., the whiter will be the enamel.

The table on page 6 shows the composition of

the felspars according to the locality where found.

As regards its use, the felspar should be obtained

in lump only, as opposed to the increasing employ-
ment of powdered spar, for in this way only has one

the certainty of always buying the same product,

free from admixture with cheap quartz, etc. An



ENAMELLING ON IRON AND STEEL.

analysis made at the time of purchase is well

worth doing, but the expert knows the nature

and value of the felspar by merely looking at a

specimen.
Two felspars, moreover, possessing the same

chemical composition, may have a different influ-
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Quartz. An important and usually un-

adulterated product which may safely be purchased
in a powdered condition.

In many places the quartz has been replaced with

advantage by beautiful white river-sand, bodies

which chemically are silica, or, in other words, pure

quartz. The best substitution, however, is made
where enamels are prepared from river-sand, not

from quartz.

Concerning the origin of the use of felspars,

quartz, and especially clay little is known.

Fluorspar. Only the best and purest qualities

of fluorspar or calcium fluoride may be employed,

especially for white enamels. The difference in

price between the various qualities is not material,

in view of the relatively small amounts of fluorspar

consumed. Great care must be exercised in taking
the correct quantities, since excess of lime is always
detrimental

;
while for ground-enamels fluorspar is

avoided as far as possible.

Borax. This compound has the advantage of

being less complex, more agreeable, and more certain

in its action than a mixture of boric acid and soda.

Borax crystallising in the monoclinic system with ten

molecules water of crystallisation (Na2B4O 7 + ioH 2O)
must be distinguished from that crystallising in the

regular system and containing only five molecules

of water.

We are only concerned with the former substance,

which melts at a red heat with a loss of 47 per

cent, of its water of crystallisation, and dissolves
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easily in hot water (200 parts of borax in 100 parts

water). Specific gravity
=

1*69.

Borax must not be stored in a position exposed
to the air, as it attracts moisture, alters in weight,

and so causes an error in admixture. For the

same reason the moisture content of a borax con-

signment is determined at the time of its arrival,

in order eventually to obtain compensation from

the consignor. Up to as much as 6 per cent, of

moisture may be fixed during transit, and the effect

of this in a large enamel works needs no further

discussion.

Borax is imported in the form of very fine powder.
In those works which manufacture their own borax,

it is carefully dried by being left a sufficient time

in the centrifugal machine, and then ground as fine

as grain. The finer the powdered borax is, the

more intimate will be the mixture with the remain-

ing enamel constituents, and in consequence the

more uniform and beautiful the enamel. Generally

speaking, the preparation of one's own borax is

inadvisable, since various disturbing factors may
arise

; but, in addition, the manufacture of too

many separate products for home consumption is

not economical. Here the law governing division

of labour consequent on specialisation holds good,
and those chemical firms which are engaged more

or less exclusively in the manufacture of borax, the

production of metallic oxides, colours, etc., will

always be more capable of taking up work or of

entering into competition.
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Boric Acid. In places where boric acid is used,

the chemically prepared pure substance, which never

changes in character, is preferred to the discoloured

Tuscan variety.

Soda and Potash. These bodies give the

enamel a bright lustre, but excess must be carefully

guarded against. Soda is to be preferred to the

more expensive potash (potassium carbonate), since

the action is identical. The term soda is used for

the body corresponding to the chemical formula

Na2CO3 -f- ioH2O, but in practice only calcined

soda is employed, being anhydrous sodium carbonate

in powdered form.

This calcined soda, containing 41 per cent, carbonic

acid and 59 per cent, sodium oxide, is stored in a

dry place, since it is highly deliquescent and liable

to form lumps. As in the case of borax, so with

soda : only a very finely powdered condition is

employed.

Saltpetre. Sodium-saltpetre (NaNO3) ischeaper
than the potassium salt (KNO3)

and acts in identi-

cally the same manner. It is added in quite small

quantities to the enamel mixture, and its primary
function is to decolourise. To blue enamel very
little saltpetre is added, or, even better, none at all.

After common salt, the most hygroscopic body is

saltpetre, and this is stored in boxes lined with

tin-plate and capable of being made air-tight.

Cryolite. Both natural and artificial cryolite

are procured and employed for this industry.

Recently many sodium silico-fluorides have been
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used, these being obtained for the most part as-

by-products in the manufacture of artificial manures,
etc. In the above, the removable hydro-fluor-silicic

acid is taken up by water, and the sodium silico-

fluoride precipitated from this solution by the

addition of soda. Many works use common salt

for the same purpose. Before using such a sodium

silico-fluoride, a warning must be given that sodium

chloride is always present, and a sodium silico-fluoride

prepared through the agency of common salt is

recognised by its poor colour and disagreeable odour.

A simple analysis such as the following quickly
shows the presence of chlorine. A sample of the

body in question is boiled with distilled water,

filtered, the filtrate acidified with a little chemically

pure nitric acid, and a few drops of lunar caustic

or silver nitrate solution added, whereby a chloride

will separate out as a white, curdy precipitate. A
faint white turbidity indicates nothing. A con-

venient quantitative method for estimating sodium

silico-fluoride is as follows : A weighed amount is

taken, dissolved in hot water, and the solution

titrated with 2N (twice normal) caustic soda, using

phenolphthalein as indicator. The calculation of

the amount of pure sodium silico-fluoride present
is given by the following equation :

Na,SiF6 + 4NaOH = 6NaF + SiO2 + 2H 2O.

Commercial sodium silico-fluoride contains 90-95

per cent., and has been employed with much success,

partly displacing the natural cryolite, although for
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more expensive wares, and in the case of blue enamel,

the natural cryolite is preferable.

The so - called artificial cryolite which is used

possesses a variable composition, depending on the

vendor and on the price. The more inexpensive it

is, the more quartz or silica it will contain, so that

here good quality and cheapness do not go together.

One sample of an artificial cryolite had the follow-

ing composition :

(1) 95 per cent, sodium-aluminium fluoride

(6NaF + Al2F6).

5 silica.

For manufacturing purposes this quality is most

suitable, and almost entirely corresponds to natural

cryolite. The ratio of A12F6 : NaF= 40 : 60, i.e.

normal.

Another sample was made up as follows :

(2) 80 per cent, sodium-aluminium fluoride.

20 valueless quartz.

Naturally this was less expensive.

Finally, a still further interesting composition was

exhibited by another variety :

(3) 18 per cent. A12F6 (aluminium fluoride).

50 NaF (sodium fluoride).

32 SiO2 (silica or quartz).

A fourth contains :

(4) 26 per cent. A12F6 .

40 NaF.

32 SiO2 .
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From the above examples we learn possible varia-

tions and causes of failure in enamel preparation.

It would not be correct, however, to deny every

advantage to artificial cryolite, for when the com-

position is similar to No. i above, then the natural

cryolite may be safely replaced, if the difference in

price allows. When making a purchase there must

be a guarantee as to the composition of the product,

and frequently an analysis is desirable.

It is obvious what an injurious effect a cryolite

substitute containing 32 per cent, quartz must

have in the preparation of enamels by an unsuspect-

ing manufacturer who, unwittingly increasing the

silica content of his enamels, obtains an insufficiently

opaque product.

Natural cryolite occurs as a beautiful mineral in

masses having a milky-white appearance ;
it is greasy

to the touch, its specific gravity varies from 8*5 to

8 -9, and its degree of hardness is 3. Cryolite may
readily be scratched by the finger, crystallises in the

monoclinic system, and is easily fusible.

The warning uttered in the case of felspar is

still more necessary for natural cryolite, for it is

always purchased in lumps and never as powder.
Before use, the cryolite is carefully ground under

personal supervision and mixed in a very finely

powdered condition. Cryolite and its artificial sub-

stitutes act as fluxes, yet at the same time produce
a more opaque enamel. In the preparation of

white enamel the amount used must not exceed

15 per cent.
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Ammonium Carbonate. Many firms, when

mixing their white enamels, add 3 to 4 per cent, of

ammonium carbonate. Opinion as to the value of

this varies enormously. On the one hand, the fact

is put forward that ammonium carbonate volatilises

on heating, and therefore its addition is pure waste,

especially as the product is somewhat expensive.

This is perfectly correct, with, however, certain

reservations. On the other hand, it has been firmly

established that the addition of ammonium carbonate

to the enamel mixture has a favourable influence,

since the action of the ammonium carbonate may be

observed. The enamel is more uniform, and the so-

called cracking (Reifzen) on firing is avoided. It is

true that this actual result of experience still requires

an explanation, for more than fifty years ago
Moritz Vogelsang confirmed the observation in his

interesting little work on The Art of enamelling

Iron (Die Eisenemaillierkunst), and put forward the

following explanation of the data obtained. He
writes :

" In all probability the effect of the

ammonium carbonate may only be explained by

cohesion, which force operates until the particular

moment is attained at which the cracking (Reifzen]

of the enamel ceases."

I gladly utilise the opportunity, as I now write

about M. Vogelsang, to express half a century later

my highest appreciation of his work an appreciation

which is rightly due to the man who nearly sixty

years ago put forward, in his now antique little

book, ideas and opinions which appear to me to be
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as full of valuable information as all the later and

more recent publications. Vogelsang was the first

writer who, from a scientific standpoint, gave us in

a neat and concise form knowledge of the enamels

and their raw materials.

Stannic Oxide. This is an absolute necessity.

Continual experiments, made with the object of

replacing it by less expensive products, have without

exception always resulted in a return to the original.

At the present time it is almost exclusively added at

the mill.

The ordinary method of preparation is by the

gradual surface oxidation of perfectly pure tin in the

blast furnace. 100 kilos, of tin yield 124126 kilos,

tin oxide.

Often small black specks are found in the enamel

after covering and baking, which spoil the general

appearance of the wares. These may be traced to

dust, magnesia, etc., but in general they are caused

by small specks of non-oxidised metallic tin, which

may easily be present in imperfectly prepared stannic

oxide. As soon as these imperfections are noticed

the following investigation should be conducted :

One kilo, stannic oxide is washed with water, or,

more fully described, it is made into a paste and

water allowed to run into it, accompanied by a

vigorous stirring, periodically varied by being
allowed to settle for about 10 seconds. The stannic

oxide is carried away by the water, and the process

of washing is continued, always more cautiously,

until the decanted water appears clear. At the
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bottom of the vessel a grey, granular residue of

metallic tin is left, which, being specifically heavier

than the oxide, settles more quickly during the

washing. This residue is collected, dried, and

weighed, and the vendor who supplied it made

answerable for the discrepancy. In many samples

of stannic oxide the presence of up to 20 grammes of

metallic tin per kilo, may be proved, i.e. 2 per cent.

During the manufacture of stannic oxide it may

happen that particles of tin are only oxidised super-

ficially, and inside may still be a nucleus of tin. In

consequence of this the stannic oxide, where

manufactured, is continually sieved and heated to

redness in a special oven.

Different products, appearing on the market

under diverse names, have been proposed as partial

substitutes for the expensive stannic oxide, but a

genuine success in this direction has yet to be

recorded. The degree of opacity given by bone-

ash or calcium phosphate is inadequate, while such

a large amount of these substitutes must be added

that the enamel is rendered absolutely useless.

These facts caused me to try the antimony oxide

derivatives, such as white antimony oxide, leukonin

(potassium metantimoniate), etc., etc. The possibility

of producing opacity by the above products is

beyond question, yet we are met by the fact that

their availability for use as an addition to the grind-

ing is very restricted. If more than 4-5 per cent,

be added to the mixture, the enamel will have its

covering power diminished, and also be uneven
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and slimy. Still, however, antimony is the best

partial substitute for replacing tin oxide.

As one is aware, the use of antimony and lead

compounds in the preparation of enamels is for-

bidden in many countries, and this is the case in

Germany and Austria-Hungary (the particular

countries in which enamelled culinary utensils are

manufactured). In the first place we have to bow

before the authority of the law and avoid such

compounds, while in the second place we are not

able to take an independent position on the question
of the use of antimony preparations as complete or

partial substitutes for stannic oxide. And on this

latter point we are involuntarily driven to the

following train of thought : The price of tin, as

also of stannic oxide, is rising in alarming fashion,

apart from the momentary unestablished speculative

tendency, and stannic oxide has an important role

in the expenditure of an enamel works. The price

of raw material is increasing, wages are rising, and

the selling price of enamelled goods is falling, or at

the best of times remaining stationary.

Why is the use of products forbidden which give
a somewhat better chance to the manufacturer of

making headway against adverse market conditions,

when civilised countries of the first rank, such as

England, France, Belgium, America, etc. models

with regard to hygiene and other similar subjects-
allow the use of antimony compounds ?

A really correct explanation would be difficult to

give. It is said that antimony compounds are



THE RAW MATERIALS. 17

poisonous ; yet, granted that this may be the case,

it is only true for soluble antimony compounds,
and even then very large quantities are necessary

in order to constitute a real danger to health. For

example, an enamel contains 10 per cent, oxide of

antimony, and a medium-sized cooking-pot of

$ litres content is enamelled inside with this enamel.

For enamelling the interior of such a vessel about

100 grammes, say 120 grammes, of white enamel

are necessary, and this would therefore contain 12

grammes antimony oxide. Now, antimony oxide is

insoluble in water and very sparingly soluble in

acids. Analyses have proved that on boiling for

half an hour with 4 per cent, acetic acid no antimony
has been dissolved, and even in particular cases

where solution has taken place the amount dissolved

was infinitesimal. Moreover, the antimony oxide

in the enamel forms an insoluble compound with

the silicates present.

Again, no mention has been made of any injuri-

ous action. In France, Belgium, etc., no single

instance can be found, even of a case of very slight

poisoning.

The danger due to antimony oxide in enamels

is a fable as far as practice is concerned, like the

famous, or infamous, romance of a French apothe-

cary, who ascribed appendicitis (inflammation of the

appendix) to the action of enamel splinters.

It matters not to us, who may enjoy, with a calm

conscience, food which has been prepared in cooking-
utensils coated with enamel containing antimony.
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The fact that tin is becoming more and more scarce,

and therefore more expensive, shows the need for

a modification of the legislation by which antimony

preparations are prohibited. Whether, indeed, much

would be gained in the event of tin oxide being

completely replaced by antimony compounds,
remains to be seen. At present the enamel industry

is one of the principal consumers of tin, and so

soon as the demand for tin quite ceases the price

must fall
;
while on the other hand that of antimony

will materially rise, so that in such a case prudence
and caution will be necessary.

Lead Oxide Compounds. Notwithstand-

ing its valuable property as a flux, this is absolutely

valueless in the form of calx (a mixture of tin and

lead calcined) for producing opacity, on account of

being detrimental to health. Our potters, by their

wanton use of lead-glaze, have for generations
caused mischief enough.
The gradual but successful supplanting of lead-

glazed earthenware by the absolutely uninjurious,

inexpensive, and more durable enamelled wares

must, from the standpoint of hygienic economy,
be regarded as an important advance. Here the

objection could be raised against any restriction

being made to the use of the beautiful, inexpensive

lead-glaze for certain enamelled wares which are not

concerned with the kitchen, such as sanitary articles,

baths, door-plates, etc.

Theoretically, nothing could be said against it
;

but in practice, where in the same enamel works
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kitchen utensils and door-plates are made, the line

of distinction between the different enamel prepara-

tions (those free from lead or those containing it)

is not sharply drawn. An enamel containing lead,

which at the outset may appear as beautiful as

the rest, is unstable when exposed to weather,

and at the present time it may safely be asserted

that in no enamel works are lead preparations

employed.
A simple experiment may be performed for the

identification of traces of lead in an enamel.

A place on the enamelled object is spotted with

a few drops of chemically pure nitric acid, and

heated over a flame until the nitric acid is driven

off, then moistened with distilled water and a

few drops of a 10 per cent, solution of potassium
iodide added. Traces of lead present cause an

intense yellow discoloration, owing to the forma-

tion of lead iodide, which must be insoluble in

ammonia.

While reviewing the bodies which produce opacity,

our attention is involuntarily drawn to the well-

known property which titanium oxide possesses of

causing intense opacity in enamels. The initial

product is rutile, a brown-coloured mineral, consist-

ing of about 94 per cent, titanic acid and 6 per cent,

iron oxide. The use of rutile for causing opaqueness

only meets with strictly limited success, in the form

of a maximum addition of i per cent, to the mixture,

for the iron oxide present excludes all further use.

For years a method has been sought of preparing
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chemically pure titanic acid from rutile, but the first

products which appeared on the market years ago

always possessed a faint yellowish-green colour and

were expensive in addition, i kilo, of pure titanic

acid costing as much as 15 marks (155.). Many
years back the firm of Wuppermann took out a

patent for decolourising the enamels containing

titanic acid
;

but the question remained a purely

academic one, since it was not found possible to pre-

pare inexpensively pure white titanic acid. Dr C.

Dreper
* a few years ago took out a patent in

Freiberg. He prepared titanic acid by treating

rutile with dilute sulphuric acid and sodium bisul-

phate, and then submitting the filtered solution to

electrolysis. He placed the kathode in the filtered

solution, and the anode in acidulated water, the

liquids being separated by a porous cell, while the

electrodes were of lead. A period of inactivity now
took place until recently, when a method was patented

by the chemical firm of Gustrow in Mecklenburg,f
entitled "A process for the preparation of white

opaque enamel and white opaque glass by the use

of titanic acid as opacity-producing agent." The

titanic acid prepared by this firm is pure white, and

is moreover inexpensive, so that one can look forward

to experimenting and gaining experience with it.

The above firm has also introduced the barium salt

of titanic acid to the trade, and this appears to be

full of promise. This titanic acid may be added

* D. R.-P. Nr. 152,257, Kl. 12*.

t D. R.-P. C. 15,243, Kl. 48*:.
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with advantage, up to 10 per cent., to an enamel

during the grinding, and the enamel should be pre-

pared as far as possible without saltpetre, but with

the addition of 10 grms. of cobalt oxide to the

mixture. Cases will arise in an enamel works re-

quiring the closest attention for this material in

order to discover the most suitable mode of employ-
ment. Titanium oxide appears to impart to the

enamel favourable physical properties. An investi-

gation should be made with the above to find out if

the question of producing a lighter, more opaque

ground-enamel is capable of a better solution, since

the disturbing properties of tin oxide make these

characteristics impossible.

Cobalt Oxide. This is one of the most ancient

and precious of the ceramic colouring oxides. The

intensity of the blue tint depends on the quantity

present, and on the chemical composition of the

respective cobalt oxides.

In the preparation of blue enamels more than

i per cent, is seldom employed. On the market the

following types are discriminated according to price

and chemical composition :

FHKO. The purest cobaltic oxide = Co2O3 con-

taining 71 per cent. Co.

FKO. Pure cobaltic oxide = Co2O3 containing

60-65 per cent. Co.

RKO. Black cobalto-cobaltic oxide = Co3O4 con-

taining 73 per cent. Co.

GKO. Dark grey cobaltous oxide = CoO.
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KOH. Basic hydrated cobaltic sesqui-carbonate
= Co6O3(CO3) 2 + 4H 2O containing 45

per cent. Co.

PKO. Red cobaltic phosphate = Cos(PO4) 2 +
8H 2O containing 34 per cent. Co.

PO. Cobaltous oxide (protoxide)
= CoO con-

taining 59 per cent. Co.

AKO. Cobaltic arsenate = Co(AsO 4) 2 + 8H2O
containing 30 per cent. Co.

The value of the cobalt oxide depends upon the

percentage content of metallic cobalt.

In order to make the best use of cobalt oxide for

the manufacture of deep-blue enamels, a most inti-

mate and continual mixing of the raw materials is

necessary, so that the cobalt oxide is actually dis-

tributed as finely as possible throughout the enamel.

The most important of the pioneering countries

engaged in the production of this valuable oxide are

England and Germany.
Cobalt oxide possesses valuable physical charac-

teristics which especially make it suitable for the

preparation of ground-enamels, for these derive the

property that their coefficients of expansion are as

near as possible the same as sheet iron. The
modern enamel firms, seeking to replace expensive
materials by cheaper ones having the same influence,

have replaced cobalt oxide with success in the

ground-enamels by the much less expensive nickel

oxide. The price-ratio of the two oxides is about

as 10 : i*2.
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At this point a short theoretical diversion may be

allowed to establish thoroughly by what quantities

the cobalt oxide must be replaced by nickel oxide

in a ground-enamel, so that the physical properties

of the same may remain unaltered.

According to the law of P. Joubin, the product of

the specific heat multiplied by the specific gravity of

a body is proportional to the product of the modulus

of elasticity and the coefficient of linear expansion
of the specific heat = the quantity of heat, expressed
in calories, which is necessary to raise a mass of

i kilo, through i C.

Further, the product atomic heat multiplied by

specific heat of unit volume x (
atomic volume

)
=

V 3 '

F^yr T
. . (specific heat of unit volume)"!

Melting point x >-. .t _J
.

The specific heat = 0*173 7 for iron.

For cobalt at 900 C. the specific heat is :

Sm = 0*1444.

For nickel at 900 C :

Sm = 0*13707.

Therefore, in order to raise i grm. of cobalt through
i C., 0*1444 calories are required; while to raise

i grm. of nickel through the same range of tempera-
ture 0*13707 calories are needed.

Weber states that the requisite amount of heat

necessary to raise a body from zero to its melting
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point (reckoned for the atomic weight) is inversely

proportional to its coefficient of cubical expansion,

and therefore the coefficient of cubical expansion

for cobalt = -=6*92, while for nickel it is

0-1444

=
7-29.

0-13707
From the ratio of the coefficient of cubical

expansion of nickel to that of cobalt we have :

0-1444 : 0-13707 = 1-052 grms.

7-29 : 6-92 =x : i

grms.
6-92

Concerning expansion, then, 1*053 grms. nickel will

correspond for all practical purposes to i grm. of

cobalt, or 100 grms. cobalt oxide maybe replaced by
1 06 grms. nickel oxide in the preparation of a ground-
enamel.

Limonite. This in the pure state is manganese

peroxide (MnO 2),
but as a mineral it is known as

pyrolusite. It is employed for decolourising white

enamels which are discoloured. By the addition of

larger quantities beautiful dark violet enamels are

obtained, while iron oxide together with limonite

produces lovely brown to black results. The

limonite reacts by giving off oxygen, i.e. it is an

ordinary oxidising agent.

Only the purest and best market samples are used,

since the difference in price is trifling compared with

the greatly enhanced results.
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When fused in small quantities with the ground-
enamel it works very favourably, and in like

manner it is added to molten blue enamels in order to

save cobalt oxide, for, as the cobalt content diminishes

and the manganese addition is increased, the blue

enamel takes a bluish-violet to reddish-blue glisten-

ing colour.

Ferric Oxide. This is prepared by heating to

redness protosulphate of iron or ferrous sulphate.

According to the temperature employed, shades

ranging from bright red to reddish violet are

obtained.

The less the ferric oxide has been heated, the lighter

will be the shade produced, so that great care must

be exercised during the operation. More or less

sulphuric acid is always present in the iron oxide,

caused by incomplete decomposition, and therefore

due to insufficient heating. On digesting with hot

water, the bulk of the above may be removed, but

this is the manufacturer's business. Insufficient

heating of the iron oxide causes red enamel to be

dull, and this, when stored as a finished product,

acquires a permanent white efflorescence containing
alkali sulphate. This white growth possesses a saline

taste.

A qualitative test for free sulphuric acid, and also

for the undecomposed sulphate in the ferric oxide, is

easily made, viz. : A few grammes of the ferric oxide

compound to be tested are boiled with distilled

water in a test-tube, and after filtration a few drops
of chemically pure hydrochloric acid are added to the
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filtrate. On the addition of a few cubic centimetres

of a 10 per cent, barium chloride solution, the

sulphuric acid is precipitated as barium sulphate,

which is white. Should only a slight turbidity arise,

then the iron oxide may safely be used.

Beautiful pure red iron oxide is formed when, to

a boiling solution containing 17 parts soda to 68

water, 10 parts of crystallised ferrous sulphate are

added gradually, the mixture being well stirred, then

filtered, washed, allowed to oxidise in the air, spread
in thin layers, and finally heated to redness.

The finest ferric oxide is prepared by the so-called

method of Vogel, in which a saturated oxalic acid

solution is added to boiling ferrous sulphate. The

precipitate is washed and heated in a shallow dish at
o s~*

2OO C.

Other Colouring Matters. Chromic oxide

and also copper oxide are used for preparing green-
coloured enamels. As regards chromic oxide the

same remarks apply as in the case of ferric oxide.

Cheap chromic oxide often gives dull enamels,

accompanied by a separation of potassium dichromate.

It is best prepared by heating potassium dichromate

to redness
;
but if the chromic oxide obtained in this

way has not been sufficiently heated and washed, a

part of the potassium dichromate remains undecom-

posed, and separates out after the firing of the

enamelled utensils.

The test made when purchasing chromic oxide is

extremely simple, since only a few grammes of the

oxide are treated with hot water, and the presence of
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undecomposed potassium dichromate demonstrated

by a yellow-coloured filtrate. The amount of oxide

added to the enamel mixture on grinding varies from

5 to 9 per cent, according to its quality and to the tint

desired.

For lamp-shades, etc., a fused green enamel may
be successfully prepared by melting enamel waste

with 5 to 8 per cent, borax and 8 per cent, chromic

oxide. The enamel waste has preferably been

previously fused.

Chromic oxide may be prepared by another method,

using i part potassium dichromate and 3 parts

of burnt gypsum. This mixture is strongly heated

to redness and then treated with very dilute

hydrochloric acid. The following chemical reaction

takes place :

2K2Cr2O7 + 2CaSO4

= 2Cr2O3 + 2K2SO4 + 2CaO

After boiling with dilute hydrochloric acid, whereby
the lime goes into solution, the liquid is decanted

off and the residue washed and dried. (A. Casali.)

Chromic oxide is also prepared by heating

potassium dichromate to redness with flowers of

sulphur. From 100 parts potassium dichromate

and 50 of sulphur, 68 parts of chromic oxide are

obtained.

The best chromic oxide is obtained by gradually

heating ammonium bichromate, digesting with

water, and then grinding. The lower the decom-

position temperature, the more beautiful will be the
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green colour. Chromic oxide obtained by a wet

method (solution of chrome alum + soda) is never

so beautiful as when a dry process is used.

Cupric Oxide produces fine dark-green to

bluish-green enamels, depending on whether the

enamel contains saltpetre or not. The oxide must

be fused with the enamel, as it is not suitable for

addition on grinding, in consequence of its exceptional

behaviour.

The reducing gases in the muffle may in the case

of enamels prepared from cupric oxide bring about

a separation of copper in the form of faint red

spots.

Coloured substances varying from green to

bluish violet are obtained, according to Le Chatelier,*

from: 30 parts silica +49 parts heavy spar (BaCO 3)

+ 20 parts cupric oxide, heated for an hour at

1050 C. The shade obtained is bluish violet.

Or : 375 parts silica + 265 parts heavy spar -f 7 parts

cuprous oxide -f 42 parts sodium bicarbonate. This

mixture, heated to 1200 C., gives a pure blue.

A Bluish =green Oxide is prepared from copper
and cobalt salts, or with chromium and cobalt salts.

According as one or the other of the oxides prevails,

bluish-green to greenish-blue shades are produced.

Reviewing the price-list for the green and blue colour-

ing oxides, a bluish-green or Turkish-blue oxide will

be cheaper as the colour inclines towards the green,

and more expensive when towards the blue. At the

mill | i per cent, is added according to the desired

* D. R.-P. Nr. 112,761, i ith October 1899.
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shade. Since this blue-green oxide is one of the

most expensive, and therefore most in demand,

lighter shades of blue-green enamels are recom-

mended for use, these being moreover much more

delicate and elegant than the richly coloured and

expensive blue-green enamels.

The yellow enamels are usually prepared by adding

cadmium, chromium, or uranium salts when grinding.

Cadmium sulphide gives very beautiful colours, also

lead chromate, but its use is avoided as far as

possible, on account of the lead content. Uranium

salts and barium chromate are seldom employed.
Brown Colouring Matters. Brongniart's

brown is a very beautiful brown colouring matter,

consisting of ferrous chromite. It is prepared by

adding a solution of potassium chromate (i in 3)

gradually to one of pure ferrous sulphate (i in 3).

The precipitate is washed six times, dried, and heated

to redness in a crucible, then finely powdered.

Rose Colouring Matters. The rose-coloured

enamels are prepared by colouring with gold salts
;

usually, however, by the addition on grinding of

6-10 per cent, of the so-called pink-rose.

It is difficult to obtain the same shade on all

occasions, since after preparing and firing the pink-
rose changes in shade and colour intensity. The

enamels which have been coloured by the above are

very unstable against fire. Also every place on the

enamelled utensil which has been touched by the

perspiring fingers of the workmen remains white, in

consequence of the reduction which sets in.

OF THE

UNIVERSITY
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What concerns the preparation of the pink-rose

substances applies also to the mixture of chalk,

quartz, tin oxide, borax, and potassium dichromate,

which is heated to redness, the dye-stuff so

obtained being digested with water, levigated, and

washed. The preparation of pink-rose by this par-

ticular method is not recommended, on account of

the inherent difficulties. Pink-rose (Pinkrosa) is

counted among the most antique of the ceramic

colours, the name being suggested by the English

term "
pink colours

"
(Nelkenfarbe). The exact

chemical composition has not up to the present been

fixed, but it appears to be a stannate or a chromium

and calcium salt of stannic acid.

A very useful mixture for its preparation is

afforded by : 50 kilos, stannic oxide, 25 kg. chalk,

1 8 kg. quartz, 4 kg. potassium dichromate, and

6 kg. borax.

The rose colour prepared by employing gold salts

is only used for fine artistic enamels, and is dis-

tinguished from the other similar colours by its

stability against fire.

Purple (Purple Of Cassius), a ceramic

colour for making intense purple-coloured glazes,

was well known to the ancients, being the most

expensive and the loveliest red which is used in the

ceramic and enamel industries. It is therefore only

employed for decorating the better-class utensils.

Purple of Cassius *
is prepared by the addition of

i part auric chloride to a solution containing i part
*

Cassius, inventor of gold-purple, 1683, in Leyden.
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of stannous chloride and 2 parts stannic chloride,

when a purple-red precipitate is formed, which is

collected, washed, and dried.

If instead of i part gold chloride only half a part

is taken, and the other half replaced by a silver salt, a

beautiful carmine red is produced.
The true chemical constitution is not yet clear. It

is regarded as a lake of metastannic acid coloured

by finely divided gold (Debray).^

Moissan,f the famous French chemist to whom
we owe calcium carbide and other valuable dis-

coveries, was occupied with this question shortly

before his decease. He pointed out the remarkable

fact that from the gold-purple obtained he could

evaporate gold at the temperature of the electric

furnace. Moissan tried the same experiment with

an alloy of gold and tin, and found that, as the tin

more quickly evaporated, a purple vapour formed,

which was deposited in powdered form in the

furnace. He obtained different varieties of purple,

according as gold was used in the presence of

aluminium, magnesium, zirconium, or silicon. This

experiment confirms the view put forward by Debray
for the constitution of gold-purple.

Gold Glance. This is an indispensable re-

quisite for decorating enamelled wares. It is best

procured in large bottles, from which a definite

amount is weighed out daily into a small work-

vessel and given to the artists. On account of the

*
Debray, Comptes rendus^ Ixxv., p. 1025, 1872.

t Bulletin de la Socittt Chimique, 1906, p. 267.
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unavoidable loss, the import in smaller bottles is

inadvisable. Gold glance is prepared by dissolving

auric chloride (gold dissolved in aqua regia, the

mixture evaporated, and the residue dissolved in

water) in a little water and adding 8-9 parts of

a mixture of sulphur balsam in lavender oil (4 parts

sulphur balsam and 4 parts lavender oil). The

contents are vigorously stirred with a pestle, and

allowed to stand twenty-four hours, in order that all

the evolved hydrochloric acid due to mixing may

escape. Usually half a part of finely powdered basic

bismuth nitrate is then added, and the mixture

allowed to stand again. By this means the gold
will be made to adhere better. In all probability

the following chemical reaction takes place :

3C10
H

7
S + AuCl3

= C30H18S3 + 3HC1 + Au

(sulphur balsam).

This is the process of Dutertre.

It is important to collect together all the waste

materials from the gold glance process, such as the

artists' overalls, brushes, glass plates and bottles, for

the recovery of the gold. Gold glance contains

about 10-12 per cent. gold. The above-mentioned

articles are placed in a pot and burnt in the muffle.

The empty bottles are likewise heated, splintered by

water, and the glass powdered. The ash and glass

fragments are then placed in a sufficiently large

porcelain dish, aqua regia added, and the whole

evaporated on the water-bath until the odour of

nitric acid disappears. After cooling, aqua regia is
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once more added, and again evaporated until the

evolution of fumes ceases. Hot water is then added,
the whole being well stirred and filtered. The gold

goes into solution as auric chloride, to which a

freshly prepared solution of the purest ferrous

sulphate (FeSO 4,7H 2O) is added gradually, where-

by the gold separates in the form of a yellowish-
brown metallic powder, which is filtered, washed,
and dried.

In many works the loss of gold glance is often

considerable, and this alone is a sufficient recom-

mendation in the majority of instances for the

recovery of the gold from the waste materials.

Many firms utilise the empty bottles which have

held the gold glance for the preparation of rose-

coloured enamels. The bottles are heated to redness,

splintered, the glass powdered and added in the proper

proportions to a mixture of white enamel in the

smelting furnace.

Lustrous colours are seldom used, on account of

their high price ;
but whether in the future the

production of lustrous enamels will catch the popular

eye remains to be seen. One or two metallic lustres

are already prepared in large quantities, and there is

no reason why, in the case of enamels, similar plays

of colour should not be prepared chemically as in

glass and porcelain manufacture. There is no lack

of recipes and formulae, but the times and demand

are not yet ripe.

For the sake of curiosity, some of the above-

mentioned recipes may be noticed, as they have

3
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been used in part by the Arabs for preparing
metallic reflections on artistic enamels.

A mixture of copper and silver carbonates

(95CuCO3 + 5Ag2CO3),
or 30 per cent, copper car-

bonate and 70 per cent, red ochre, or 20 per cent,

copper sulphate, 25 per cent, stannous oxide, and

55 per cent, red ochre, were well powdered in the

presence of a little gum arabic, finely triturated

with water, and added to the transparent enamels
;

the wares being fired at 900 C., allowed to cool,

and again heated in the reducing fire at only

650 C. In this way very beautiful effects have

been obtained.

L. Tranchet (Comptes rendus^ 1905, pp. 1020 et

1237) gives several other formulae :

(1) Enamel A .... 100*0

Kaolin ..... 10*0

Silver carbonate . . . 2*0

(2) Enamel or substance A . . ioo'O

Kaolin..... 10*0

Zinc oxide . . . . ro
Tin oxide . . . . i'o

Silver carbonate . . . 0*5

Copper oxide . . . 3*0

(3) Substance A . . . . 100*0

Kaolin ..... 10*0

Bismuth subnitrate . . 4*0

Silver carbonate . . . 2-0

Copper carbonate . . . 1*0



THE RAW MATERIALS. 35

The substance A had the following composition :

Quartz . . . . 12*0

Felspar '. . . . . icro

Kaolin . . . . . 2*0

Sand . .- . .
. ', . 2cro

Minium (red lead) . . . 30*0

Borax . . . . 19*0

Boric acid . . ., . . 2*0

Potash . ,. '. .
.

, 2*0

Common salt . . . . r8

The substance A was fused, splintered by water,

and ground at the mill, temperature 970 C.

Arabian Italian

Formula. Formula.

Copper sulphide . . 26-87 24-74
Silver sulphide . . 1*45 1-03

Red ochre . . . 71-98 49*45
Mercuric sulphide . ... 24'74

When firing the wares, the so-called green broom

(German Pfriemenkraut^ French Genet vert, also

Spanish Klepper) is placed in the interior of the

muffle for combustion.

This slight deviation may be excused on the

ground that one should not stand aloof with regard
to hints and statements in the literature. If the

question of the production of metallic reflection on

enamels by using artificial lustrous colours is not at

the present moment acute, yet a demand for the

same may arise at any time. These formulae are

not easily obtainable, and are quickly forgotten.
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Clay and Kaolin. I have omitted to mention

a material so important to the enamel industry as

clay. At first sight there is apparently not much to

say, yet in reality many volumes might be written

on clay and its position in our industry.

And this is indeed an error which many enamel

firms commit, viz. that they do not pay suitable

attention to their clay ;
and many of the mistakes

which have been explained away in the most im-

possible and fantastic ways have their origin here.

Chemically, we understand by clay and kaolin a

compound of alumina and silicic acid, contaminated

by more or less lime, magnesia, etc., according to its

origin.

Clay has been originally formed by the decom-

position of the felspars. Where the latter were to

be found thousands of years ago, they have been

gradually decomposed by the influence of the

atmosphere, carbonic acid, water, etc. The water

takes up the compounds of silicic acid with the

alkalies, deposits them elsewhere, and leaves behind

the insoluble compound of silicic acid with alumina,

viz. clay.

If the clay still remains in its original situation,

we term it kaolin
;
but should the clay after forma-

tion have been gradually transported by water and

deposited elsewhere, then we speak of ordinary

clay.

Kaolin, then, is residual clay, as distinguished from

the ordinary variety which has suffered transporta-

tion. We must look, then, for kaolin among the
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primitive rocks, since it is older than ordinary clay.

An ideal clay would consist of :

45 per cent, alumina or aluminium oxide.

40 silica or quartz.

15 water of composition.

In nature the composition varies, the so-called

standard clays being presented in the following

table :

ANALYSES OF STANDARD CLAYS.
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valuable properties similar to that of Vallendar.

Unfortunately, these pits are now exhausted, and the

opening of new deposits must be continually taken

in hand.

The treatment of clay in the enamel works before

its use as an addition to the enamel requires careful

and conscientious attention. The following may be

stated, not in the sense of revealing secret opera-

tions, but in order to remind every expert anew of

the value attached to the conscientious preliminary
treatment of the clay.

The clay, before use, must be soaked as thoroughly
as possible for two, or at least one day, in pure
water at the temperature of the room. Since clay

always contains enclosed organic matter of a vege-
table or other origin, this must be removed

;
and

therefore a weak fermentation is induced by soaking
in water, which continues unaided if the mixture is

allowed to remain at a moderate temperature. After

a suitable time has elapsed, the clay is boiled with

water for a short period, in order to terminate quickly
the fermentation, and to drive away the last of the

gaseous products so formed, such as carbonic

acid.

The clay is then passed through a fine-meshed

enamel sieve, using as much water as possible,

allowed to settle, the water decanted off, and the

clay thus prepared added in requisite amount to the

enamel when grinding. Usually the quantity added

varies between 5 and 10 per cent., sometimes

reaching 12 per cent.
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Should a clay contain an especially large amount

of organic matter, and this be added to the enamel

without undergoing the treatment described above,

in particular without being boiled, small blisters

frequently arise in the enamel. These blisters are

caused by the carbonic acid contained in the

fermenting clay.

How much annoyance may be spared by careful

treatment of the clay ! and, on the other hand, how

many mishaps are due to badly controlled enamel

mills !

A Short Note on Water. An important

factor, on which success depends, is water. On

principle, the purest water should be used for

grinding enamel in the wet way. The most

ideal kind is rain water or melted snow
;

but

these, unfortunately, are not always at disposal in

sufficient quantity, so that well or river water must

be used.

The use of very soft water which has stood for

some time is especially recommended. Where soft

water is not at hand, a little pure milk of lime is

added to hard water, the mixture thoroughly stirred

and allowed to settle over-night for use on the

following day. This treatment of the water has a

particularly good influence on ground-enamels.
Condensed water may not be so pure as alleged ;

water which has filtered through land, and pond

water, must absolutely be avoided. A chemical

analysis of the water regularly used at the mill

should be made three or four times a year.
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In general, for water of good quality the follow-

ing data may be accepted : i litre of water may
contain :

Chlorine . . . less than 0-015 grm.

Sulphuric acid . . 0*002-0-005

Organic matter . . less than 0*001

Volatile 0*015
Total hardness .... 28
Hardness after boiling . . 1-3

It is often important to be able to test quickly
and simply for the presence of chlorine and sulphuric

acid in cases where one suspects the water used in

the enamel mill to be contaminated by the waste

water from the cleansing process. The procedure is

as follows :

Test for Traces of Hydrochloric Acid in Water.

A small sample of the water is placed in a clean test-

tube, 2 drops of pure dilute nitric acid and a few

drops of dilute silver nitrate solution added (5 grm.
silver nitrate dissolved in 100 grm. distilled water).

If chlorine is present, a white turbidity, and often a

heavier white precipitate, is obtained, due to the

formation of silver chloride. The amount of

turbidity will afford an estimate of the quantity of

chlorine present. A faint translucent turbidity is

often unimportant. The precipitate of silver chloride

must dissolve in ammonia.

Test for Traces of Sulphuric Acid in Water. A
small quantity (TO c.cm.) of the water to be tested is

placed in a test-tube, 2 drops of dilute nitric acid
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and a few cubic centimetres of a dilute solution of

barium chloride (10 grm. barium chloride dissolved

in 100 grm. distilled water) added. The presence of

sulphuric acid or its salts is detected by a more

or less thick white turbidity, or if a large amount

of sulphuric acid is present, a white precipitate of

barium sulphate forms. The chemical reagents

necessary are furnished by every apothecary or

druggist.

Coal. A few remarks may be made on this

necessary combustible for the production of the

temperature required for fusion in the enamel-

smelting furnace and in the muffle. As the con-

sumption of coal is extraordinarily great, many
enamel works have been erected in the neighbour-
hood of coalfields. The amount of coal required
for firing completely 100 kg. of enamelled wares

may be taken as 120 to 250 kg., according to the

construction of the furnace, mode of firing, quality

of the coal, and, last but not least, according to

the activity of the workers. This coal consump-
tion is directly connected with the mode of heat-

ing the muffle. In Saxony and Bohemia, where

the best quality of lignite (up to 6000 calories)

may be obtained cheaply, it is used in the enamel

works.

Austria possesses good pit-coal in the Ostrau-

Karwiner district and in the Pilsen basin. Hungary's

pit-coal and lignite are of less value, and leave up to

25 per cent, residue. Most of the coal used in the

German, French, and Swiss enamel works is imported
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from Westphalia. Some data of German standard

coals may be inserted here.
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AVERAGE COMPOSITION AND VALUE OF SOME BRITISH FUELS.

Description.



44 ENAMELLING ON IRON AND STEEL.

our industry of enamelling on sheet and cast metals

are the latter metals themselves.

Sheet and Cast Iron. For the preparation of

a faultless enamelled ware, one of the most important
items is faultless sheet metal or a flawless casting,

possessing a definite chemical and physical behaviour.

Almost exclusively at present a soft sheet steel is

used, i.e. rolled-out steel which has been prepared

according to the basic Martin process in the special

Martin furnace. For utensils which have not been

forged, but only made up from sheet, and where,

therefore, nothing has been exacted from the physical

properties of the steel, the somewhat less expensive
and more simply treated sheet steel is used.

The quality of the steel is unfortunately often

variable, and dependent on the care exercised during
its manufacture at the iron-works. Good forged
sheet steel should be box-heated, a term derived

from the process of heating in iron boxes, as far as

possible with the exclusion of air. Often impurities,

such as particles of slag, etc., will be rolled in with

the sheet metal, so that on forging, and even more

on enamelling, flaws will develop in wares prepared
from such material. Chemically, a well-forged sheet

for enamelling purposes should possess the following

composition :

Carbon . . . 0-050-0-080 per cent.

Manganese . . 0*230-0-350

Phosphorus . . 0-002-0-080

and, at the most, traces of silicon.
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Regarded physically, it should possess the following
coefficients :

Coefficient of tenacity . . 3538 per cent.

contraction . 56-65

elasticity . . 30-38

Specific gravity .... 7*6-7*8

The immediate analysis of the purchased metal, so

as to buy it on the basis of the previous figures, is

most strongly recommended. The physical examina-

tion is carried out by the testing-machine, the

purchase of which is advisable, on account of the

quicker and more simple investigation of the sheet

metal. This machine is based on the principle of

the decimal balance, in which the sample strip to be

broken is stretched in position on the beam between

two levers, and on adding to the load by placing

weights on the scale an increasing tension is obtained

until finally the sample breaks.

England and Germany produce most of the

forged metal, and the larger part of this of first-rate

quality. In addition, Austria^Hungary and France

manufacture good forged metals in several iron-

works, but these are frequently expensive. Moreover,
the adaptability of these works is often very limited.

Austria-Hungary grants to enamel firms the

rebate of the tax on English or German sheet metals

in the case of exportation of the enamelled wares

prepared from them. In consequence of this it is

possible to employ first-class English sheet-iron in

the manufacture of wares for export.
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Until the year 1896, almost all the forged metal

used in the German enamel works was imported
from England. The annual consumption of metal

for enamelling purposes is estimated by Dr H.

Wuppermann at 70,000 to 85,000 tons, having an

approximate value of ^1,000,000. The data giving
the decrease in the import may be directly applied to

the weight of the quantity of enamels used. Here

may be mentioned the more complete statistical

treatise of Dr Hermann Wuppermann, The Sheet

Metal Enamelling Industry in Germany.
The tax levied in Germany for imported sheet

metals, according to the customs tariff of 25th
December 1902, for pieces more than i mm. thick,

amounts to 305. per ton, and for thicknesses of i mm.
or under, 463. per ton. For rolls the tax is raised

25 per cent.

In the case of foreign metals, rolls are recom-

mended, the saving in freight being 50 per cent.

The most thorough management of the metallic

stock is indispensable, and is greatly facilitated by

having a specially designed storehouse, where the

sheets may be stacked according to size and thick-

ness. It is self-evident that such a store should

be kept dry, to prevent the metals rusting. The
utilisation of the metal to the best advantage by

cutting out the shape to be folded for the crude

ware, or the preparation of rolls, should be as

economical as possible. The larger metallic frag-

ments may be profitably used for the manufacture

of hollow handles, knobs, children's toys, etc.
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A frequent, and if possible daily, oversight of the

metallic fragments is an indispensable duty of the

official entrusted with the management, for many a

badly forged article, often due to the workmen, will

be exposed by an efficient control.

Cast Iron suitable for Enamelling
Purposes (Cast Iron for Utensils or Pots). If not

exactly within the scope of the industry concerned

with sheet metal enamelling, yet the importance of

the manufacture of enamelled cast-iron wares for

special purposes, such as the preparation of hygienic

implements, water-closet appliances, water -
pipes,

baths, basins, etc., and often for cooking-vessels,

chemical apparatus, etc., should not be under-

estimated.

Corresponding to the essential chemical and

physical difference between sheet and cast iron is

the treatment and preparation of the enamels, etc.,

which for the enamelling of cast-iron vessels differ

from those in the process of enamelling on sheet

metal. The iron suitable for pots and utensils

is a thin wrought iron, which gives a sharp

mould, and possesses a smooth surface, and for this

purpose the inexpensive pig-iron containing phos-

phorus, with a little manganese and a moderate

silicon content, is suitable (prepared from bog-iron

ore, which earlier was regarded as valueless), since

a certain amount of brittleness or a somewhat lower

strength does not matter.

The English quality corresponding to the above

is found near Middlesborough, and the German
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variety, the so-called Lorraine or Luxembourg pig-

iron, near Luxembourg.

English pig-iron contains :

Carbon . . -3*5 per cent.

Silicon . . .2-0

Phosphorus . 1-4

Manganese . . 0*7

Luxembourg pig-iron contains :

Carbon . . . 3-6 per cent.

Silicon . . .2-0

Phosphorus . .1-8

Manganese . . 0*5

For thin objects, which, in consequence of rapid

cooling, are more brittle than thicker ones, the

property of phosphorus in producing this brittleness

is inconvenient, and in the case of a high phos-

phorus content a little more silicon serves as a

remedy. To the above pig-iron 40-50 per cent, of

good bog-iron is added.

For thin hardware, which easily becomes brittle,

the use of a more tenacious iron containing increased

quantities of silicon and carbon is recommended, so

as to acquire a more uniform, smooth, blue surface
;

the better German and English varieties are there-

fore prepared with the addition of 12 per cent, of

steel (fragments from the Bessemer process, which,

however, must not be rusted over), or pieces of

wrought iron, to the molten metal. This small

addition of steel is often made with advantage at

the foundry. Steel in contact with the glowing coke
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of the cupola furnace takes up carbon and changes
into grey pig-iron, providing the silicon content of the

molten metallic mixture is sufficient.

Arsenic, antimony, copper, or chromium should

not be present, even in small quantities, in the cast

iron. If P is the weight of the mould, then the

weight of the cast iron is approximately, for moulds

of-
Pine or fir-wood . . 14*00 x P
Oak .... 9-00 x P
Beech V . . . lo-ooxP
Lime .... i3'5bxP
Birch . . . .11 *oo x P
Alder .... i3'ooxP
Brass .... 0-90 x P
Zinc .... 0-80 xP
Lead . . . . 0*70 x P
Cast iron . . . 0*97 x P

Difficulties in the process of enamelling hardware

are frequently caused by adhering mould-sand which

has been burnt in. To avoid this, 10 per cent, of

powdered coal is mixed with the sand, and the inside

of the mould is sprinkled with charcoal dust. Before

etching the hardware, it must be carefully cleaned by
wire brushes, files, etc., so that finally, with the aid of

the sand-blast, a metallic surface suitable for etching
and enamelling will be obtained.



CHAPTER III.

THE PREPARATION OF THE
ENAMEL.

THE mixing of the enamel, i.e. the intermingling of

all the raw materials the object of which, after fusion,

is the finished product, is carried out in a special

chamber. Since the preparation of enamel is a

trade secret, the mixing is performed in small firms

by the owner himself or his representative, while in

larger establishments, where the daily enamel pro-

duction is on a scale too vast for the owner or

manager to deal with exclusively, the following

procedure takes place :

The official entrusted with the preparation of the

enamel mixes together the smaller constituents, such

as soda, saltpetre, cobalt - nickel oxide, magnesia,

braunstein, and in addition a small part of the

borax, felspar, and cryolite required in the formulae

described earlier. The workman takes from this

preliminary mixture the corresponding quantity, and

completes the mixture by adding the materials in

the amounts given him. A small example will serve

to illustrate.

50
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A formula for white enamel runs as follows :

Borax . . . 132 kg.

Quartz .

"

,' . 152

Felspar . . . 130
Soda. . . . 26

Saltpetre . . '. 6

Cryolite . . . 78

Fluorspar . . 3

Magnesia . .
.^

6

55

55

Total . . 533 kg.

This is subdivided as follows :

Mixture by
The Official in charge. The Workman.

Borax . . . 12 kg. 120 kg.

Quartz /'
,

12 140

Felspar . . . 30 100

Soda . .. . 10 1 6

Saltpetre . . 6

Cryolite 28 50 kg.

Fluorspar . . 3

Magnesia . . 6

Total . . 107 kg. 426 kg.

That only very trustworthy workmen should be

entrusted with the mixing operation, will be self-

evident.

As already mentioned, the raw materials to be

mixed must be as dry and finely powdered as

possible, for then the mixture will be more intimate,
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and in consequence the fused enamel more uniform.

In the larger works a practical balance with the

mixing boxes placed upon it is fitted up. The

mixing chamber should be well ventilated, and

during the process any unnecessary production of

dust, involving loss of material, must be avoided.
J O '

The pot or metal chest in which the finished mixture

is transported to the smelting furnace should always

be thoroughly cleansed, while in the case of blue

and ground enamels separate boxes are to be pre-

ferred. The more expensive metallic oxides should

be separately weighed on small balances. Cobalt

oxide requires an especially long time for mixing, so

that the colour intensity may be properly developed.

With smaller quantities (up to 200 kg.) the

mixing is performed by a workman who employs a

crook for the purpose, but larger quantities are

brought together by a mechanical mixing apparatus

or mixing cylinder. Careful mixing by hand is,

however, more reliable. The rule may be stated

that the smaller the quantities taken the more

intimate the mixture. Larger quantities, up to 800

kg., which are mixed in the "
melangeur," must

remain a correspondingly long period in the

apparatus in fact, up to thirty minutes. Coloured

enamels require an especially long time.

The crude enamel mixture must be put through

a wire sieve (width of meshes 5 to 7 mm.).
The saltpetre usually gathers into small balls,

^jjiich
must be carefully crushed by hand.

In a well-conducted works, stress will be laid on
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the exact manipulation of the blended raw materials

which when fused together form the enamel, on the

one hand to ascertain precisely the loss on melting
and therefore the value of the enamel, and on the

other to expose negligence.
*

Above all, the balance should play an important

part in the enamel industry. All the materials

which enter and leave, whether proceeding from the

mixing chamber, or leaving the furnace, or entering
the mill, the enamel from the latter, coal, the etched

ware, etc., all are weighed, and a really efficient

service at the balance renders most valuable help to

the works management.
The Melting Process. From the mixing

chamber the enamel proceeds to the melting furnace,

which is generally a blast furnace (Wanneriofen) and

seldom a crucible furnace. According to the dimen-

sions of the workings, the furnaces are provided
direct with 50 per cent, gas or generative heating.

The crucible furnace gives very good results in

the case of the best enamels, but its utility is limited

and the cost of maintenance too great, so that at

present the blast furnace is almost exclusively used.

The dimensions of the latter must not be too great,

but correspond to the proportions of the melt.

What was stated with regard to blending finds its

parallel here. The smaller the portions, the more

uniform the fusion and the finer the enamel.

In works of moderate size the charge should not

exceed 1 50200 kg. at any single operation.

Larger works are necessary, however, in con-
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sequence of the large consumption, and these must

be able to deal with over 200 kg. at a time. If the

temperature of the furnace is insufficient, then the

charge of enamel must remain there longer, doubtless

to the detriment of the product, for not only dis-

coloration but frequently a decomposition of the

enamel may set in. Moreover, every expert knows

the disagreeable consequences of working with an

under-fused enamel.

Too high a temperature in the furnace is in a

like manner objectionable, since combustion of the

enamel may take place, or a premature decom-

position of the separate materials may proceed before

the mixture has time to unite chemically to form a

silicate. The mean temperature lies between 1100

and 1200 C.

Special emphasis is laid on a very vigorous

crooking, viz. stirring the molten enamel in the

furnace by means of iron crooks.

Success depends largely on this latter operation.

On melting the enamels there commences a distinct

separation of the constituents, according to their

specific gravity. The borax, soda, and cryolite melt,

while the fusible quartz and felspar endeavour to

settle to the bottom. Should frequent and con-

scientious stirring be neglected, there develops an

uneven exclusion of the silicate, with consequent
deterioration in the quality of the enamel. The
duration of the fusion may be taken as two hours

for white, and two and a half to three hours for

ground and blue enamels. The latter should be
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vigorously fused, but this must be abated for

white enamel before complete devitrification takes

place, otherwise it will become more transparent and

less opaque. From time to time samples are taken

from the furnace with an iron bar, and should the

glass threads of enamel which form exhibit the

partial development of knots, then the enamel must

remain longer in the furnace.

In addition, before drawing off the enamel, a

small specimen is placed in a vessel, allowed to cool,

and the fractured surface observed. Well-fused

enamel shows a bright, absolutely smooth surface,

and fracture free from porosity.

Many of the smaller works fill the furnace with

the mixture to be fused, and allow the molten enamel

to run off continuously, while the mixed materials

are persistently added to the furnace.

That this form of continuous working is not

suitable follows from the reasons offered above. On
fusion two factors operate in causing a loss of

enamel : on the one hand the decomposition of

certain constituents, which give off their water of

crystallisation or carbon dioxide (borax 47 per cent.,

soda 41 per cent., since only calcined soda is used,

saltpetre 61 per cent.), and by the partial loss of

hydrofluoric acid from the cryolite and fluorspar ;

on the other hand there is the loss in manipulation,

which ordinarily should not exceed 3 per cent. The

average total loss on fusion may be taken at 15-23

per cent. An estimate should be made for each

separate case, in order to show what amount of
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enamel may be obtained by suitable manipulation of

the raw materials.

The molten enamel is allowed to run into cold

water, in order to splinter it, the water then being
run off and the moist enamel either taken direct to

the mill or to the storehouse. Many firms dry the

fused enamel, but the majority use or retain it in

the moist condition as it comes from the water

chambers attached to the furnace. In the latter case

the enamel contains about 4 per cent, of adhering

moisture, which must be taken into account when

estimating its weight. For storing the fused enamel,

chambers are used which are protected against wind,

rain, and dust, the floors being cemented and the

side walls covered with sheet zinc.

Separate compartments are employed for the

different varieties of enamel, which must be main-

tained in a condition of the utmost cleanliness.

As an example of the calculations whereby the

loss during fusion is arrived at, the following com-

position of a ground-enamel will serve :

Borax 72-0 kg., loss 47 per cent. = 33*80 kg.

Felspar 55-8

Quartz 31*2

Soda 8*4 loss 41 per cent. = 3*44 kg.

Fluorspar 7*2

Saltpetre 5-4 loss 6 1 per cent. = 3-29 kg.
Cobalt oxide 0*4

Limonite 1-2 loss 9 per cent. = crukg.

Total 1 8 1 -6 kg. Loss = 40-64 kg.
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18 1*6 kg. of mixed ground enamel give, according to

the mode of fusion, 181*6 40x64= 140*96 kg. of

fused enamel. This gives a loss on fusion of 22

per cent., to which must be added a still further loss

of about 2-3 per cent, due to manipulation.

The Grinding Process. The fused enamel

is taken to the mill, where it is ground in stone mills

(with nether millstone and adjustable bearings) or drum

mills. The latter are not suitable for the moist

grinding of white enamel, but may be employed with

advantage for large quantities of coloured enamels.

The fact is that white enamel ground by stone mills is

not only finer, but also more opaque, for the particles

of tin oxide appear to be crushed and distributed

better throughout the enamel by grinding in this way.
In the grinding room the most scrupulous cleanli-

ness is observed, and the production of dust avoided.

The amount of fused enamel to be ground varies

from 20-40 kg., while the duration of the process

will be, according to the quality of the enamel and

the grade of fineness desired, between four and

twelve hours. Water is added up to 30 per cent, for

white, and 40 per cent, for ground-enamel, of the

weight of the portion taken. Since during the

grinding operation loss of water may frequently

occur, care is always taken to replace this
; otherwise,

in consequence of friction between enamel and

millstone, heat may be evolved and thereby the

quality of the powder unfavourably influenced. In

such cases the enamel is said to be burnt (verbrannt\

i.e. it loses its lustre when burnt into the utensil.



58 ENAMELLING ON IRON AND STEEL.

The deterioration of the enamel so caused is traced to

a loss of lustre consequent on overheated mill-stones.

Certain compounds are added to the moist grind-

ing, not only to develop the white, red, or green

colour, but also to make the enamel capable of use for

the subsequent enamelling of the crude ware. Fused

enamel, ground without these additions, would be

useless, as it would quickly settle to the bottom.

As additions on grinding there are used : stannic

oxide for developing an intensive white in the

enamel
;
such colour oxides as pinkrosa, ferric oxide,

chromium oxide, cadmium sulphide, etc., which

develop rose, red, green, and yellow colours respec-

tively. In many cases a little zinc oxide (2 per cent.)

is also added to make the white enamel more fiery.

Clay serves as a further important addition

to the grinding process for every enamel, since it

possesses to the highest degree, due to its finely

divided condition, the capacity of holding the ground-
enamel in a state of suspension, and thus preventing
the so-called "settling." Moreover, the clay pro-
duces opacity and influences most favourably the

elasticity of the enamel. The preliminary treatment

of the clay has been already described. The addition

of stannic oxide to white enamel varies from 5-18 per

cent., that of clay from 5-13 per cent. Only 3-6

per cent, clay is added to ground and blue enamels.

It is also advisable to use in certain cases a so-

called vehicle (Stellmittel} with the enamel, unless

one prefers to do this immediately before charging
the working-dishes with enamel.
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The vehicles used are for the most part alkaline,

seldom of an acid character, and serve to stiffen the

enamel, so that, on taking a sample in a ladle, the

enamel is only mobile for a few seconds and then

quickly comes to rest. The enamel is then said to

stand good.
The principal vehicles to be noticed are sal-am-

moniac, ammonium carbonate, magnesium chloride,

burnt magnesia (formed by heating magnesium
carbonate to redness), common salt, and, for many
enamels, borax and soda. Often Epsom salts and

magnesium sulphate are used. Most worthy of

recommendation for white enamels are ammonium
carbonate and burnt magnesia. The former has the

valuable property of volatilising in the muffle without

leaving behind the often injurious chloride and

sulphate. Burnt magnesia also commends itself as a

pure base free from acids. For ground and blue

enamels borax is readily used as a vehicle (about

50-60 grm. per 100 kg. enamel). With such power-
ful substances for vehicles a caution must be uttered.

The enamel expert will always find for individual

cases the correct minimum amount to add of these

unavoidable vehicles, and from fundamental reasons

this important post in an enamel works is never

given to workmen. It has happened that workmen

who appeared conversant with the use of such

materials have often used highly objectionable salts

as vehicles, and in consequence have been severely

reprimanded.

Finely ground enamels have a brighter lustre than
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those more coarse
; yet in spite of this the enamels

are not powdered too finely, since they acquire a

soapy, slimy feel and are hard to use, owing to the

formation of lumps.
Ground and blue must be somewhat more coarse-

grained than white. In cases where the utensil is

only to be coated once with white enamel, it must

be ground correspondingly coarser than a so-called

second white, which is used for the second covering.

The specific gravity of the enamels, i.e. the weight
of a cubic centimetre, amounts to :

For white, calculated without included

water . . . . .2*8
The same reckoned + 30 per cent.

water . . . . .1*8
For ground-enamels, calculated without

included water .... 2*04

The same reckoned + 30 per cent.

water . . . . .1*55

According to the ordinary formula, vxs=g, i.e.

the product of volume and specific gravity of a body
is equal to its weight. The weight of a volume of the

enamel, or vice versa, may quickly be calculated by

using the above specific gravities.

E.g. a vessel contains 45 litres of white enamel

powder, including water, and therefore ready for use.

This 45 1. weighs, therefore, 45 x 1*8 = 81 kg.

The same vessel containing 45 1. ground-enamel
will only weigh 70 kg., since 45 x 1*55

= 70 kg.

The specific gravity of white enamel is higher than
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that of the other enamels, owing to the addition

of stannic oxide, and approaches, consistent with

similarity in character, the specific gravity of glass,

which varies from 2*43.
The cost of fusion for TOO kg. enamel, from the

ratios of the amounts melted, will be determined by the

sum of the following variables : crucibles for melting,

fire-proof material, boxes for holding the enamel,

coal for the furnace, shovels and similar implements,
the wages of the smelters, bricklayers, locksmiths,

and tinners.

The cost entailed in the grinding is in its turn

similarly calculated from the amount of work done

in a month, wages, repairs, and materials used. The

calculation of the complete enamel, ground moist

and ready for use, is reckoned, however, without

water, and may be rapidly made on the basis of the

following formula :

Pr stands for the cost in shillings of 100 kg. of

the mixed, untreated enamel.

Pz = value in shillings of the additions to the

grinding.

L = cost of fusing 100 kg. enamel.

M = cost of grinding 100 kg. enamel.

Z = the percentage additions to the grinding.

Pm = the cost of 100 kg. enamel ready for use,

and including all the additions, with the

exception of water.

Pm =
ioo +
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If for white enamel the additions average 16 per

cent., then the formula approximately reads :

In many works the powdered white enamel is

subjected to a further purifying process. The
success attained for the latter requires notice, but

the process is not recommended for ordinary use, on

account of the relatively high expense. To blue

enamel a little ferric oxide is advantageously added

on grinding, whereby the blue will be rendered more

brilliant and intense.

The enamel fragments produced during the

operation should as far as possible be separated

according to colour, collected together, and fused, for

further addition in suitable quantity to the blue

enamel before melting, e.g. :

BLUE ENAMEL.

Borax ..... 60*0 kg.
Alumina . . . . 3*6

Felspar .... loi'O

Soda ..... 6*2

Natural cryolite . . . 24-0

Saltpetre . . . . 3*0

Fused enamel, fragmentary . 40*0
Cobalt oxide . . . . 3-0

Limonite .... 0*3

Ferric oxide . . . . cri

241-2 kg.
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Additions on grinding :

4^- per cent, purified levigated clay.

i2Ogrm. ammonium carbonate per 100 kg. enamel.

The following further formulae, etc., may be given
for some special varieties :

BLACK FUSED ENAMEL.

Borax . . ". .62 kg.

Felspar . . . .. 120

Soda . 14
Ferric oxide . . . . 8

Cobalt oxide . . . . 2

Smalt . . . . .16,,
Limonite . . . .16,,

Total . . 238 kg.

ACID-RESISTING WHITE.

Borax . V- . . -74 kg.

Felspar . . . '. . IQO

Quartz 115

Cryolite . . . . . 47
Stannic oxide . . . . 40

Fluorspar .
^

'. . . . 6

Soda . . . . 20

Saltpetre . . . 10

Magnesium carbonate .' .
- i

Pure powdered glass-meal . 53

Clay . . .. . . . 12 M

Calcspar . ... . 6

Total . . 484 kg.
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Additions on grinding :

7 per cent. clay.

6 tin oxide.

^ ,, burnt magnesia.

GLAZE.

Borax
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only been heated in the furnace to the melting point,

and which on account of its composition is excluded

from complete fusion. This matt is prepared by

mixing together borax, quartz or flint, felspar,

fluorspar, and clay. Naturally, a number of formulae

exist, from which the following are selected :

Additions on grinding.

(1) 30 kg. quartz. 8f kg. clay.

17 borax. ^ magnesia.

(2) 30 kg. quartz. lof kg. clay.

30 felspar. 6 felspar.

25 borax.
i|- magnesia.

(3) 210 kg. flint, 70 kg. borax, 10 kg. soda are

fused for three to four hours in the furnace.

During grinding, 32 kg. of the melt,

1 1 kg. clay, 34 kg. quartz are added.

Additions on grinding.

(4) 28 kg. flint (silica). 18 kg. of the melt.

8 borax. 6 quartz,

i fluorspar. 1-5 clay.

This mass is known as the matt (Fritte\ and is

prepared by mixing the substances named, and heat-

ing to redness in a shallow pan, covered externally

by clay, in the muffle furnace. The heating lasts

about one to one and a half hours.

The matt forms a porous, tuff-looking mass,

which is broken up and ground moist in the mill

with the addition of the other substances. A too

abrupt fusion of the matt is avoided, otherwise a loss

of adhering power is entailed.

5
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All the good white enamels for sheet metal may
be used for enamelling hardware. Many cast objects,

such as imitation majolica, baths, etc., should not be

covered by enamels ground moist, but with those

powdered by hand or by means of a sieve or special

machine. The process of covering a cast object

which is red hot with dry enamel finely powdered
will be understood a little later. The enamel used

must be easily fusible, and the process is performed
with repeated warming of the object, until the

enamel layer has the desired thickness. Vessels so

treated present a porcelain-like appearance, but are

expensive. Frequently the ground white enamel

may be sprinkled direct on the red glowing cast

without the intermediate stage of a matted ground.

Many enamel powders are prepared with lead,

antimony, or arsenic compounds, which give an

extraordinary lustre to the enamels.

An enamel containing arsenic is easy to recognise,

since in fused samples it exhibits a bluish, gleaming,

translucent edge.

As an example of a white enamel powder free

from poison may be taken :

Borax ..... 200 kg.

Felspar .... 120-130
Stannic oxide . . . 68

Clay 20

Soda . . . . . 8

Saltpetre . . . . . 2

Natural cryolite . . 40
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Ammonium carbonate . , 3 kg.

Fluorspar . . . . 2

Magnesium carbonate . . 2

Total 465 kg.

As a further example of a white enamel for cover-

ing cast iron when moist :

Borax . . . . 62-0 kg.

Felspar . .

*

. 60-0

Soda . . . . . 4-0

Cryolite . . .

'

. . 2O'O

Saltpetre . \. . . . 3-0

Clay . 2-5

Stannic oxide . . . . 2*0-5-0

Magnesia . . . . 0-2

Fluorspar . '. . .0*1,,

Total 153*8 kg.

Additions on grinding :

7 per cent, tin oxide,

7 cla7> and

0*3 magnesia.

[TABLE.
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Limonite.
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EXAMPLES OF MIXTURES CORRESPONDING TO THE

ABOVE ANALYSES.

No. i is the analysis of an easily fusible white

body-enamel, the mixture being made up of :

Felspar .
... , . 60 kg.

Borax . . .* . 42
Tin oxide . . . 12

Soda
~

. . . . . 1 5

Saltpetre.... 2

No. 2 is the analysis of a white enamel consisting

of :-

Felspar . . . .27*0 kg.

Borax .... 35-0

Quartz . . . 20*0

Tin oxide . . . 17*0

Soda . i . . . 16*0

Saltpetre . . . . 2-5

No. 8 is white enamel mixed from :

Borax ... - 47 *o kg.

Felspar . . . . 46-0

Antimony oxide . . 9*2

Soda . . . 1*4 55

Clay 4*5

Cryolite . -+ . 16*2



CHAPTER IV.

THE PREPARATION OF THE CRUDE
WARE.

THE crude wares are heated to redness before

pickling, with the object of removing the adhering

greasy or soapy layer. Moreover, the elasticity of

the sheet metal, which is lost during the forging,

drawing, planing, or pressing processes, is restored

by heating, this operation being conducted for the

most part in the muffle, seldom in a special furnace.

If the crude wares are dipped in weakly acidified

water before heating, the process is rendered more

thorough, since the oxide or scale layer easily

comes off after glowing. With better-class wares

this -should always be done. Many of the flaws

which show themselves in the enamelled utensil

after firing have their origin in the incomplete
and therefore insufficient heating of the crude

wares.

Above all, too many wares should not be heated

at the same time. Washing utensils, plates, etc., are

placed in sets of not more than five to eight pieces. If,

70
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for example, washing utensils in piles containing twenty
or more pieces are heated, then incomplete combus-

tion of the impurities takes place, together with a

non-uniform oxidation in consequence of the scarcity

of oxygen. The latter often causes afterwards a

chipping off of the enamel at the edges of the

utensil. Bad heating is generally an accompanying
cause of scale formation (nail-chips, coup (Tongle\

so that, on cooling, small enamel particles in the form

of a miniature finger-nail break off from the fired

enamelled ware. It should not be supposed that

this, which is so feared by the workman, can only
be traced to improper heating, since scale forma-

tion is often due to insufficient burning in of the

ground-enamel, or to a faulty enamel. In order,

however, to avoid a usual error during manu-

facture, which may be ascribed to different and

often not permanent causes, the careful man will

use all the means which experience has placed at

his disposal.

It is folly to pack together for heating cylindrical

or conical objects, such as pots, stewpans, etc., for the

grease will only be incompletely burnt, and carbon

deposited, which will be drawn into the pores of the

metal. When enamelling such objects, a more or

less thick blister formation takes place on the sides

and edges, causing an increased percentage of

damaged goods.
The temperature of the furnace must be suit-

able (about 750 C.) and kept uniform. An
underheated furnace, in which the crude wares



72 ENAMELLING ON IRON AND STEEL.

must remain over long, is as injurious as one

overheated.

As in the preliminary treatment of hardware, so in

other cases, it is advisable to heat gently in the muffle

before pickling, in order to burn up the adhering
coal-dust.

The crude ware so prepared is now taken to

the pickling chamber. The pickling has for its

object the production of a pure metallic surface,

since only upon such will the ground-enamel adhere,

and on burning in unite with it.

At the same time, during the pickling, the metallic

surface will become rough, causing the enamel to

adhere better and more intimately. As pickling,

liquid hydrochloric acid is generally used, seldom

sulphuric. The latter is employed more especially

for cleansing cast wares, although many firms pickle

with hydrofluoric acid, which dissolves at the

same time the adherent or more deeply embedded

sand particles derived from the sand mould or

blast.

How deep the sand particles may penetrate into

sheet metal when exposed to the sand blast, follows

from the remarkable fact that such metal, when as pure
as it is possible to obtain it and in spite of an

additional immersion in acid, is no longer capable
of being tinned. The tin will only alloy itself

at isolated spots on the metal.

Dilute hydrochloric acid is used, one-third acid

of 21 Be (specific gravity 1*171) to two-thirds water.

The sulphuric acid for pickling is prepared from
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90 parts water and 10 parts concentrated acid of

64 to 65 Be (specific gravity 1*795-1-820). For

cast iron, since hydrofluoric acid is not used, dilute

sulphuric is taken, and heated by means of steam.

Hydrochloric is preferable to sulphuric acid, being
not only cheaper, but also causing less inconvenience

in breathing. The acid must be free from arsenic,

otherwise arseniuretted hydrogen will be evolved

during the pickling, and this possesses a disagreeable

garlic-like odour, and is, moreover, injurious to

health.

It is advantageous to test the pickling agent daily

for the amount of unused acid. A test quantity
is titrated with semi-normal caustic soda solution

to which a little sugar has been added to avoid

oxidation of the dissolved ferrous salt. Phenol-

phthalein is used as indicator during the analysis.

This test may be carried out in a few minutes by

any intelligent workman.

If the frequent control of the acid liquor be

neglected, it may happen that either too little or

too much fresh acid will be added daily.

Sorel * recommends the following for cast

iron :

96 parts sulphuric acid of 10 Be.

4 tin salt (SnCl2),
or zinc chloride (ZnCl2).

If the acid content be too small, the amount of

ferrous salt in the acid baths will be too great, and

*
Dingier, Polyt. Journal, cvii. 446.
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inadequate duty done
; besides, the cleansed crude

ware will be tarnished by a yellow coating of ferric

oxide.

If acid be added too frequently and in too great

quantity, then the process will be too energetic.

Iron will be dissolved unnecessarily at the expense
of the excess of acid, and this quite apart from the

material disadvantage due to acid waste.

A mud gradually settles on the floor of the acid

vessel or vat, arising from the undissolved tin,

separated ferric oxide, etc. The vat must therefore

be cleaned out from time to time, and this is done

by scooping out the mother liquor into a wooden vat

(old casks) and allowing the mud to settle. The

clear upper liquid is replaced in the pickling vat,

and the required amount of fresh water and pure
acid added.

A pickling solution prepared without the addition

of old mordant liquor acts very slowly at first, a fact

which may be traced to the catalytic influence of

hydrogen gas dissolved in the acid. If at first the

cleansing liquor has absorbed a relatively large

amount of hydrogen, its activity will be brisk, and

therefore the addition of the old mother liquor,

which is rich in hydrogen, is necessary, as well as

economical. The greater part of the pickling liquor
is lost in adhering to the wares and to the particles

torn from the acid bath.

To what degree loss of metal is caused by pickling
is shown by the following example of a roll 20 cm.

in diameter and of varying thickness :
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THE Loss OF METAL DURING PICKLING.
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The metallic object to be pickled is placed in a

latticed basket and set in the acid bath. The

process lasts from 30-45 minutes, according to the

concentration of the bath and the thickness of the

metal. For the ware to remain too long in the

acid is injurious, on account of partial decomposition
of the material and the formation of so-called

metallic blisters. The sheet metal is composed of

many layers, and the pressure of the hydrogen
evolved produces an inflation, i.e. a blister. A
rusted crude article which has suffered much

atmospheric exposure requires prolonged pickling,

and becomes of inferior quality because of rust

formation and the unequal action of the acid. The

pickled ware is placed in a water tank in order that the

greater part of the acid may be removed. The last

traces of acid adhering are neutralised by dipping
the objects in boiling soda, frequently merely milk

of lime solution. The cleansed ware is then rapidly

dried on a special drying hearth. This drying must

follow as quickly as possible, to prevent fresh oxida-

tion. Hollow handles, etc., require a specially care-

ful and thorough drying.

Pickling hardware likewise requires much care.

The ware remains in the hot 6-10 per cent, sulphuric
acid about i-i-J- hours, is then placed in pure water,

and finally in boiling soda solution. After it has

been so treated, the cast is cleaned or scrubbed once

more by wire brushes, using a large amount of

water.

The harmless preparation and removal of the
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acid liquor often involves expensive and difficult

work. In several countries the legal regulations

respecting this are very lax, but in Germany a con-

scientious observance of very stringent laws is strictly

enforced.

Where sufficient running water is at hand, with

which the waste acid liquors can mix in a minimum
ratio of i : 10, the liquor-removal problem has a

simple solution. In other localities the contrary is

the case. By neutralising the acid liquor with milk

of lime and soda, leading the same into oxidation

reservoirs where the ferric oxide for the most part

separates out and settles, filtering the neutral liquor

through powerful filter presses in order to retain the

last particles of mud, and then allowing this liquor to

filter through land in percolating ponds, it is possible

to remove in reality all danger of contaminating

running water.

Some German enamel firms have set up complete

plants for the thorough neutralisation and separa-

tion of mud from their acid liquors.

How far the purification of acid water may be

accomplished in the manner described is shown by
the following illustrations : In a large German iron-

works the impure acid waste liquor shows the follow-

average composition :

100 litres contain :

Sulphuric acid . . . 70*08 grm.
Iron . 43-96
Chlorine 0*62
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After purification by neutralisation, filtration, etc.,

this waste liquor is made up as follows :

100 litres water contain :

Solid constituents . . . 6*920 grm.

(<?) inorganic . . . 5*080

() organic . . . 1*840

Chlorine (Cl) . . . . 0*590

Sulphuric acid (SO3)
. . 0*820

Lime (CaO) .... 1*600

Magnesia (MgO) . . . 0*360
Iron (Fe) .... 0*003

The organic substance present in 100 litres,

expressed in terms of potassium permanganate

(KMn0 4)=i*94 .

At all events the chemical purification of waste

acid liquor has been carried out on a large scale with

marked success.



CHAPTER V.

THE PROCESS OF ENAMELLING.

THE cleaned crude ware is further examined for

accidental bruises, these being removed by beating
out with a wooden hammer, a process now con-

ducted in the principal workroom of the enamel

works.

The coating of the cleaned utensil with enamel is

done in accordance with definite rules and manipula-

tions, and is known as the "
laying

"
of the enamel.

The workmen entrusted with the operation are

called " enamellers."

The art of covering can only be acquired by long

practice, and requires intelligent, educated workmen,
since every kind of utensil, however different its

shape, must be provided with the enamel coating by
a suitable rolling movement.

There are distinguished the so-called "primary

coating," the first white, the second white or protect-

ing coat, and the coloured enamel coatings. An
immediate covering or enamelling of the cleaned

crude ware with white enamel is impossible, for the

latter, by virtue of its composition, possesses an

79
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expansion coefficient essentially different from that

of iron. Moreover, the stannic oxide content of the

white enamel brings about a blister development,
since this oxide is reduced by the carbon present in

the iron at the heat of the muffle. Before the white

coating the crude ware must therefore be provided
with an enamel cover possessing very definite

chemical and physical properties. The enamel used

is known as ground-enamel (Grundemailk\ and is

essentially an easily fusible substance, coloured by
cobalt or nickel oxide with a little limonite. The

requisite amounts of these oxides, in union with

borax, give to the ground-enamel a coefficient of

expansion approaching quite near to that of sheet

iron. The same composition minus cobalt or nickel

oxide would be useless.

The search for a ground-enamel free from cobalt

and nickel oxide still remains a problem for the

expert, and it may be safely asserted that the

previous formulae for such white primary enamels

must be regarded as humbug.
In recent years partial success has been realised by

replacing the expensive cobalt oxide in the ground-
enamel with the much cheaper nickel oxide, but

this requires careful attention, and the enamel so

prepared is inferior to the cobalt oxide primary
in stability and elasticity. For high-class wares a

ground-enamel coloured by cobalt oxide is therefore

employed.
The ground-enamel should be fairly dilute (40

per cent, water) and coarse-grained, and the primary
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coating should be as thin as possible. A small plate
of sheet metal coated with ground-enamel should,

after the burning in of the enamel, be capable of

being bent without the ground-enamel chipping off

at the edge of the bend.

The average output of a man working with the

ground-enamel lies between 200300 pieces (150

300 kg.) for large, and from 300-1500 pieces

(200400 kg.) for small utensils, in the course of a

ten-hour day. Naturally, such numbers are subject
to great fluctuation, when the many varieties and

sizes of utensils are taken into account.

The vessels covered with ground-enamel must be

rapidly dried, and for this purpose specially con-

structed stands are used, which are heated by steam-

pipes, or more generally by the hot gases from the

muffle furnace. Should rapid drying be omitted,

then rust easily develops, and the damp wares

then exhibit rusty-brown stains. A moderate

addition of borax frequently prevents this partial

rust formation. In the case of ground-enamels
used for cast iron or for matts the same treatment

serves, yet in this case only borax which has

been previously fused and dissolved in hot water

is added.

Care must be taken that wares coated with primary
enamel show no damaged metallic places after drying,

since in the subsequent firing these places are changed
to ferrous oxide and so give rise to faulty goods.
An article carefully covered with primary enamel and

then fired forms the basis for future treatment. A
6
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covering ground-enamel prepared too concentrated

is equally as bad as one too dilute. It is the

business of the enamel master to be convinced

repeatedly during the day of the consistence of

the ground-enamel, for, should this be too fusible

relative to the next coating, then a blister develop-

ment in starry form will be found on the finished

product.
The introduction of ground-enamels prepared

from new formulas should be cautiously made, since

nothing can endanger the trade or inflict greater

injury on the owner than a careless, hasty importa-
tion of a new ground-enamel.
The weight of ground-enamel necessary for i kg.

crude ware, supposed to be of average metallic

thickness, varies from 80-100 grm., i.e. 8-10 per

cent. The firing of well-dried ground-enamelled
sheet ware is conducted in the muffle furnace at a

temperature of 9501000 C., corresponding to the

varying composition of the ground-enamels in

the different works. The utensils, on being coated

with ground-enamel, are submitted to a more severe

burning in than that given for the next covering.

The borax, which is present in ample proportions in

the ground-enamel, requires a fairly large amount of

heat to become a mobile liquid, and so unite in-

timately with the metal.

After the firing of the wares coated with ground-

enamel, the next operation is the enamelling with

white enamel. In the case of many inexpensive
wares only one white coating is put on, but the
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majority require a second. At this stage mention

might be made of the circumstance that the great

expectations entertained by the introduction of

methods having for their object a single white

coating have only been partly realised.

Every expert who, without wishing to deceive

himself and others, would follow his convictions,

must confess the un suitability of the so-called single

white coatings for special qualities of ware. The

single white coating, since it must be laid on

thicker to be sufficiently white, causes an average of

2030 per cent, in repairs or patchwork. More-

over, the coverer will have his working capacity

limited, and in reality will produce less than if two

white coatings were put on. The patched wares

generally require a further firing and another coat-

ing, so that such utensils are often unfavourably

distinguished from other wares by their multitude

of coats.

On the other hand, it is certain that for export,

where often the tax is reckoned according to the

weight and low price attached to wares which have

only been white enamelled once, then what is lost in

beauty is gained in the solidity consequent on a thinner

enamel layer, since the thickness of the covering has

a great influence on the durability of the ware, for

the quality is inversely proportional to the thickness

of the enamel layer, and directly to the cross section

of the sheet metal.

For enamelled hardware the following data of

enamel consumption hold good :
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The ground coating amounts to 0-90 per cent.,

The inner coating of white

enamel to . . .

The outer asphalt painting to

And the loss on etching to

4-20

0-24

0-30
of the final weight,

THE INCREASED WEIGHT OF METALLIC OBJECTS AFTER THEIR

PRIMARY COATING.

^
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enamelled border, which is prepared either after the

first or, in some cases, only after the second coating.
A neat border gives a pleasing harmonious

appearance to the ware, and therefore too much care

cannot be exercised in its preparation.

Whether the so-called border or " anrollen
"

is

made by hand or by rolling the utensil on a plane
steel slab, depends on the respective works' routine.

The bordering by means of a steel plate is made in

a thin layer on the blue or black enamel, and gives
a faultless edge.

The drying of the utensil enamelled in white or

blue has usually to take place slowly, without the

aid of a special source of heat, i.e. in the air. On
the other hand, the white enamelled cast wares may be

safely dried on a moderately heated hearth, and during
the process every kind of vibration must be avoided.

It may be usually accepted that enamelled sheet

wares are stable against rapid temperature change.
Thanks to the present position of enamel technique,

the preparation of a really durable ware is thoroughly
understood. Where, however, a small capacity of

resistance against abrupt temperature change is found,

this may be traced to a variety of causes. The
cover enamel must, under all circumstances, be

suitable for the ground, just as the crude ware must

be carefully prepared, in order to obtain the correct

tension, especially at the base of the utensil. The

basal curve of a forged utensil should be as round

as possible, since the tension differences are expressed

usually at the centre of the base. With respect to
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this, a new process of a well-known enamel firm *

deserves mention, who attain an increased stability

of the base by pressing in the centre diagrams

standing in relief, such as trade-marks . or similar

impressions. The diameter of this relief should

usually amount to one-seventh of the base. This

idea is at all events worthy of note.

The total amount of enamel required by the

finished enamelled sheet ware depends naturally on

its size, and is usually expressed as a percentage of

the final weight.

The following table shows the varying percentage

enamel content of utensils of varying thickness :

THE CONSUMPTION OF ENAMEL.
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INITIAL WEIGHT OF METAL.

Thickness of I Sq. Metre

Sheet, of Sheet



CHAPTER VI.

FIRING THE ENAMELLED WARES.

THE so-called burning in or firing of the enamelled

wares is conducted in the muffle, and has for its

object the fusion of the enamel coating.

It has been mentioned that the burning in of the

ground-enamel takes place at a high temperature

(950-1000 C.) and requires an average time of

3-4!- minutes. The white coating and also the

blue require a somewhat lower temperature (about

800850 C.) and a duration of 3^4 minutes.

By an insufficient furnace temperature, or dura-

tion of burning in, the ware deteriorates in

lustre.

At too high a temperature the white enamel will

become glassy, lose its opacity, and appear common.
The property of stannic oxide in producing opacity

depends on the fact that, at a temperature up to

900, it remains finely suspended in the molten

enamel without dissolving, but at a higher tempera-
ture partial solution takes place, with the formation

of tin silicate, which causes the white enamel to lose

its covering power.
88
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The modern furnaces have a muffle length of i'8o-

2-50 m., a breadth of 80-110 cm., and a height of

70-95 cm . The muffles are composed of several shaped

pieces or form single plates, but the latter are less

worthy of recommendation. Double muffles, viz. two

muffles heated by the same firing, are generally dis-

advantageous, since in case of repairs the first as

well as the second muffle must be thrown out of

action.

According to the mode of firing, the furnaces are

distinguished as direct, semi-gas, or regenerative.

With the increasing price of coal, direct firing is

absolutely unprofitable, since a greater part of the

heat is drawn away unused into the conduits. Semi-

gas firing with stepped, plain, or fissured grates is

most trustworthy, especially in works of average
size where the heat is drawn away for use at the

drying hearths.

Regenerative firing is, however, without a doubt

the best, because it is technically the most complete.
The fuel in the generators is transformed by in-

complete distillation into carbon monoxide, and this

combustible gas is burnt immediately to carbon

dioxide in the conduits of the muffle by union with

the previously heated air.

For the rational carrying out of the firing, the

repeated analysis of the gases at the places where

generated, viz. in the generator as well as immedi-

ately in front of the place of combustion (and there-

fore before union with the combustible air), is

absolutely necessary. This analysis, together with
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the examination of the conduit gases after com-

bustion, affords the most certain guarantee for

proper working, since it prevents the waste of coal

and exposes defects.

It is important to know the content of carbon

dioxide and carbon monoxide in the gas. Carbon

monoxide varies from 2030 per cent., while

good generator gas should not contain more than

6 per cent, carbon dioxide. Through many gener-
ators steam is conducted for the purpose of obtain-

ing an increase of temperature due to the partial

formation of water-gas.

In this case the gas should contain :

Hydrogen . . up to 27 per cent.

Carbon monoxide . . 16 30
dioxide .3-13

Methane..... i

The denser hydrocarbons are seldom present in gas

generators.

The gas given off, i.e. the gas after combustion,
should contain 1819 per cent, carbon dioxide and

0*52 per cent, oxygen.
The average temperature of the gas produced

varies from 1000-2000 C.
The gas analysis is most appropriately carried

out with an Orsat or Orsat-Schwackhofer portable

apparatus. This apparatus possesses three absorption

vessels, the first being full of caustic potash solution

(sp. gr.
=

1-26) for the absorption and determina-

tion of the carbon dioxide content
; the second
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is filled with mixture of pyrogallic acid (18 gr.

in 40 c.cm. hot water) and caustic potash (sp.

gr.
= 1-28) to absorb the oxygen in the generator

gas ;
and the last absorption vessel contains

a cuprous chloride solution (35 gr. cuprous
chloride + 200 gr. hydrochloric acid and 50 gr.

of sheet copper turnings) to absorb the carbon

monoxide. The manipulation of the apparatus is

simple, and the analysis performed in a few

minutes.

Gas analysis should generally find an extensive

application in our industry, and up to the present

this has been the case. The saving in coal realised

by a well-regulated production of generator gas is

very important.

At this stage a few words must be said concerning

another measuring instrument, the use of which,

for controlling the furnace temperatures necessary

in a modern factory, is indispensable. This is the

pyrometer or thermometer.

Distinction must be made between the water

pyrometer, clay pyrometer or "
segerkegel," electrical

and optical pyrometers.
The segerkegel (clay pyrometer) consists of a

small baked clay cone, which, corresponding to its

varying content of alumina and silica, melts at

different temperatures. In the enamel industry,

where the temperatures employed vary from 800-

900 C., clay pyrometers from Nos. 015 to 06 are

chiefly used.

The connection between the number, chemical
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composition, and temperature is given by the

following table :

Clay
Pyrometer

No,



FIRING THE ENAMELLED WARES. 93

The most convenient of all, and the one from

which the temperature may most quickly be obtained,

is the optical pyrometer (lunette pyrometrique) con-

structed by Von Ducretel in Paris. The principle

involved is the property of a shining body (e.g.

the red glowing muffle) to give a sensitive colour

which may be denoted by a certain angle of rotation.

This angle varies according to the composition, i.e.

colour of the light, and therefore according to the

temperature. The angle of rotation corresponds
to the angle of the incident light of a glowing body

upon the plane of polarisation of a quartz disc.

This apparatus, in the form of a small telescope,

renders ready and satisfactory service, the muffle

temperature being read almost exactly in a few

seconds. The point of the apparatus is set at zero,

and it is turned while observing the glowing muffle

until the appearance of the rose tint.

After this slight theoretical deviation we turn

again to the firing of the enamelled sheet ware,

when the following might be mentioned :

It will always be assumed that the position of

the fuel chambers is under and about the muffle,

and that the combustion or union of the gases with

air takes place as far as possible at the fore end of

the furnace. Where this is not the case, we shall

see that the rear of the muffle will be overheated,

and the front part underheated. Therefore the

rear set of wares to be fired will be finished instantly,

while in front the objects placed there will not be
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fired sufficiently. Such an arrangement will natur-

ally not suffice, and there will be inconvenience in

consequence.
Odd wares suffer a deformation on firing, which

must be set right again by treatment with a suitable

shape. The operation is known as " Stosseln
"

(pestling), and must be performed immediately after

firing, since the enamel has still a fiery glow and

will therefore yield. As substratum for the form

of the hot deformed objects a perfectly smooth hori-

zontal iron slab serves, upon which an asbestos plate

or a woven asbestos cloth is spread. A supplement-

ary shape of the fired enamel cast ware is naturally

impossible to obtain, as well as unnecessary.
The enamelled cast requires from 12-15 minutes

for the proper burning in of the white enamel.

The outer black, tarry appearance remains so long
as the ware is underheated.

The assortment of the wares to be fired should

always take place immediately in front of the

separate furnaces.

In every well-conducted works which depends

principally on hand labour the unavoidable waste

should not exceed 67 per cent.

A too strict supervision in order to reduce the

unavoidable waste still further is unpractical, since

the expense attached to it stands in no relation to

the gain acquired.

The problem dealing with rational methods for

reclaiming the crude ware from waste enamelled

goods can scarcely at the present time be said to
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have been solved. The enamel is removed from

larger and more valuable pieces, especially cast wares

such as baths, by means of the sand blast. The

removal of the enamel chemically with fused caustic

alkalies has not up to the present proved satisfactory.

More important progress in this direction appears
to have been achieved by a new patent by Gustav

Spitz of Brttnn.*

The objects from which the enamel is to be

removed are collected into a closed boiler and heated

at a definite temperature under pressure with an

alkaline or acid solution of fixed concentration.

The object from which enamel has been removed

may be re-enamelled. The expensive enamel

constituents may be reclaimed from the solution

by well-known chemical processes for regeneration

of the water solution.

This process actually gives good results with

many firms, works economically, and appears to have

succeeded in solving the question of removing the

enamel satisfactorily from the waste goods by
economical means.

A Few Remarks on Mistakes in Manu-
facture and their Possible Causes. No
branch of manufacture is dependent on such a number

of factors for success as the ceramic industry gener-

ally, and the enamel industry in particular. With

the best of intentions and the greatest indefatigability

and experience, novel questions, fresh phenomena,

* D. R.-P. Nr. 176,300, Kl. 48^, G 5, and foreign patent:
" Process for the removal of enamel from enamelled objects."
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and new problems are continuously presenting
themselves to the expert.

From the evidence afforded by the most complex

errors, their cause cannot be fixed with certainty.

The industry is unfortunately always dependent on

too many conditions, viz. the quality of the sheet

metal, the raw materials, the water, the construction

of the furnace and temperature, on the heating,

pickling, and enamelling, and finally on the com-

position of the enamel.

It is sought, below, to bring in a tabular form

the most important failures in connection with their

possible causes, but the author is well aware of the

insufficiency and subjectivity of such a work. The
nature of the flaws is ascribed by different experts to

different causes, corresponding to local relations and

individual experiences. A uniform law does not exist,

but at all events the table should render service by
the comparison of observations and investigations :

POSSIBLE MISTAKES. THEIR PROBABLE OR POSSIBLE CAUSES.

Chipping away of the

enamel from the edges
and base.

Incorrect heating of the crude ware.
Moisture in the boards.

Insufficient burning in of the ground-enamel
Scarcity of ground-enamel in places.
A covering enamel which is too hard.

Development of scale or
' '

nail-scratch
"

forma-
tion.

Incorrect heating of the crude ware. In-

sufficient heating. Defective composition
of the primary enamel.

An under-fused enamel, due to the furnace.

The ground-enamel laid on too thickly.
A badly burnt in ground-enamel, either at too

low a temperature or not sufficiently long.

Storage for too long a time of the fired

ground-enamelled ware.

Faults in the composition of the enamel.
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POSSIBLE MISTAKES. THEIR PROBABLE OR POSSIBLE CAUSES.

Development of hair-like

cracks.

The ground-enamel is too hard or too yield-

ing in proportion to the cover-enamel.
The muffle was not hot enough.
The object had been burnt at the base

instead of at the edges.
The lime content in the clay. Too large an
amount of felspar in the enamel.

The enamel coated too thickly.

The object after firing has
a dull lustre.

Gas emanation.
The muffle walls not tight.
Too large a silica, stannic oxide, or clay

content.

The glaze too hard.

Impure acid water, when manipulating the

drawing instruments.

The object had been fired repeatedly, caus-

ing devitrification to set in.

Blister development on
the enamelled object, in

definite, mostly parallel,
directions.

Flaws in the sheet metal. Cracked and

impure metallic texture due to defective

manufacture of the sheet metal.

Irregular blister develop-
ment.

Spot development on the
fired utensil.

The moist enamel has been contaminated by
organic substances, such as soapy water, etc.

The crude ware was insufficiently heated
and cleaned.

The clay contained organic matter.

The enamel was raw, i.e. not properly fused.

The ware had been stored too long in a
finished fired condition, when the glass
and enamel absorbed carbon dioxide from
the air, and then afterwards fired, e.g.

when decorated.

The grinding water was contaminated.
Addition of excess of vehicle to the enamel.

Accessory contamination of the dried ware

by organic dust, rain, etc.

The metallic texture destroyed by planing
or pressing.

The utensil may have been touched before

firing with a perspiring hand, whereby
reduction in places of the coloured

metallic oxides sets in.
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This table showing the manifold possible mistakes

is capable of further extension. At all events it

emphasises the indispensability of absolute cleanliness,

strict supervision of all the materials employed, and

the thorough control of each separate stage in the

process, even to the most minute detail.



CHAPTER VII.

THE DECORATION OF ENAMELLED
OBJECTS ENAMEL PAINTING.

SINCE the process of enamelling has no other purpose
than to provide an object made from sheet or cast

iron with a covering similar to porcelain in appear-

ance, it is obvious that the enamel industry is not

limited to covering utensils with one or two coloured

enamels, but that attempts have also been made to

utilise the secrets and art of porcelain painting.

The process, from its nature, was capable of adapta-

tion, and so it seemed desirable that the white

porcelain-like enamel surface of a utensil should

be decorated and painted. This new branch of

enamel painting, a section of porcelain painting, has

been for a long time the object of assiduous

experiment and indefatigable care, with, however,
continued success. He who has opportunity to

admire the often artistically finished and decorated

enamel wares in the show-case, will be entranced

by the variety of the design and the distinguished

impression which many of the decorated articles

convey.
99
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In general we may distinguish in the modern

occupation of enamel painting three modes of

decorating enamelled utensils : the exclusive hand-o

painting for especially high-class wares, decorating

by means of transfers or impressions from etched

steel plates (the so-called reprinting process), and

finally the air-brush painting (Spritzmaleref).

Hand-painting in its artistic form is employed only

for expensive articles such as toilet services, etc.

The preparation of ceramic transfer pictures is

similar to that of chromo-lithographs, using enamel

colours. Chromo-lithographic impressions are trans-

ferred to paper, and since these pictures on transfer-

ence would adhere badly to the enamel surface, it is

provided with a thin coating of collodion, which

disappears when burning in the picture.

For a long time, in porcelain and enamel painting,

the technical method used for producing toned

coloured surfaces was by covering the enamel colour

with linseed and lavender oil, and shading away
these surfaces by means of a linen pad, and this has

in later years found an increased use through the

discovery of air-brush painting. The coloured

enamels corresponding to the best oil colours,

which have been very finely ground when

moist, are thrown by means of air pressure from

the tube of a spray diffuser. In this way expen-

sive coloured surfaces may be reproduced by a

simple method.

By using patterns made by spray painting effective

decorations are produced.
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The colours used in enamel painting consist, as

a rule, exclusively of an intimate mixture of natural

metallic oxides (cobalt, nickel, chromium, manganese,

copper, lead, tin, uranium, and cadmium oxides) or

metallic salts, together with the fluxes.

The flux material, or simply flux (known as

Fondant)^ is nothing more than a very easily fusible

flint glass or glass of similar composition.
The fluxes frequently contain lead, since lead

compounds make possible a fiery, glossy, easily

fusible flux. Since the colours for decorating

purposes are only used for external ornamentation,

any danger due to the use of lead flux is excluded.

Nevertheless, a lead-free flux is very largely em-

ployed at the present time.

The flux must have a composition suitable for

the various coloured bodies.

E.g.) an easily fusible flux :

Flint '. . . .10 parts.

Red lead . . . .-.. 38
Fused borax . . . . 40 ,,

For blue and iron red colours :

Red lead ., . . 75~8o parts.

Silica . . k , v 20-25 55

Carmine flux for carmine and purple :

Red lead . . . . 1 1 parts.

Silica . . > . 33
Fused borax . . . . 55
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For chromium green, blue-green, etc. :

Red lead . . . - 73 parts.

Silica . . . . .18,,
Boric acid . . . 9

Examples of an ordinary lead-free flux :

Flint . . . . -3*o parts.

Saltpetre . . . . 2*5

Stannic oxide . . . 4*0
Or

Silica (pure white) . . . 6-7 parts.

Chalk . . 2-3
Borax . . . . . 9 10

The flux is first of all melted in a crucible, finely

powdered, and ground in the dry mill together with

the colour substances.

The addition of coloured bodies to the flux is

made in varying proportions. The majority of the

enamel works obtain the enamel colours ready for

use from special firms, a method more worthy of

recommendation than the preparation of these bodies

in the works itself.

The firing of the decorated utensil requires much

care and experience, and the decoration of the ware

should take place as quickly as possible, for if it

be stored too long, then on firing a blister develop-

ment may possibly take place.

Regarding further artistic operations there

remains little more to be said, since these are too

many and various, and, moreover, are dependent on

the taste and experience of each separate worker.



CHAPTER VIII.

DECORATION OF THE ENAMELLED
WARE PHOTO=CERAMICS.

THE intimate relation which exists between porcelain

and enamel painting, as exhibited in the production
of artistic effects by almost identical means and

methods, suggests the similar production of photo-

graphs capable of being burnt in on enamelled

objects. This kind of ornamentation has come to

be a special branch of our industry, and deserves our

closest attention.

The preparation of photographic coloured pictures

capable of being branded meets with little difficulty.

Usually three processes are distinguished, but in

practice the first is almost entirely used :

I. Process using chromium salts :

(a) The dust process (Einstttubever-

(b) The pigment process,

(r) The light printing process ;

II. Process using iron chloride
;

III. The substitution process.
103
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The dust process, which is the most important and

generally used, will now be described.

This process was invented in 1859 by two French-

men, Salmon and Gamier, on the principle that a

mixture of potassium bichromate and gum, albumen,

gelatine, etc., when exposed to the influence of sun-

light, becomes insoluble.

On a glass plate covered with such a mixture, those

places which are protected from the action of the

light can retain a colour powder (in our case, there-

fore, an enamel colour) when scattered over, while

the illuminated spots are not so capable. In this

way, from a positive photograph on glass prepared
in the usual way, a positive impression may be

obtained in enamel colours, capable of being
burnt in.

Six operations may be distinguished :

1. A glass plate is covered with the mixture

(chrome gelatine) sensitive to light and then

dried.

2. The plate is exposed to light when under the

positive.

3. The image is rendered visible by fusible colour

powder, i.e. developed.

4. It is covered with collodion, treated with

alkaline water to dissolve the chromium

compounds, and transferred with the collo-

dion layer to the enamel plate.

5. The collodion is removed by solution.

6. . The image is then burnt in.
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The chrome gelatine is prepared according to

various formulae. A cold saturated solution of

potassium dichromate (100 grm.) in water (300

grm.) is made, and allowed to cool.

Further, a second solution is prepared from :

Water . . . . , 1 i 1.

Grape-sugar . .
"j

. . 50 grm.
Gum arabic .

. ; , . . 50

Honey . . v . . 10

Sugar . ,,

'

.
,

'. .' 20

^ . f4 c.c. in summer.
Glycerine . . s

[3 c.c. in winter.

Alcohol . . . 10 c.c.

Both solutions are carefully filtered, allowed to stand

several hours, and the clear upper portions poured
off into clean bottles.

Immediately before use (but not earlier) 100 c.c.

from the first bottle are mixed with 250 c.c. from

the second, and the mixture kept in the dark. A
larger quantity is not prepared than will be required
on the same day.

A second formula for the preparation of a fluid

sensitive to light is the following :

Water . .
,

. .' . 100 c.c.

Sugar . . . ,. . 10 grm.
Gum arabic . . . .10,,
Potassium dichromate . . 4-5

Garin and Aymard, the well-known French photo-
ceramic experts, prescribe :
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Water . . . . .100 c.c.

Gum arable .... 5 grm.

Sugar . 10

Saturated solution of ammonium
bichromate . . 25 c.c.

In damp weather a little grape-sugar is added, and

in very dry weather only 15 c.c. of ammonium
bichromate.

For glass plates, on which the chrome gelatine is

poured, only plate-glass is used, the size of which

must always be smaller than the positive, in order to

avoid fracture by expansion. The plate-glass must

be most carefully cleaned. The solution is poured
on in semi-darkness, the plate being held inclined.

For drying purposes the plate is laid upon a thick

sheet-iron slab about 15 x 20 cm., which stands on

two feet of 15 cm. and two of 20 cm. in height.

Underneath a spirit-lamp is placed, and the whole

warmed carefully for one or two minutes.

The exposure under the positive takes place in the

usual copying frame, the glass side of the sensitive

plate being underneath. The time of exposure in

the sun is ^ i minute, 510 minutes in the shade,

and here a photometer may be used with advantage.
The light incident on the chrome-gelatinised glass

plate renders these places insoluble, and therefore

the fusible colour powder strewn over by means of

an absolutely dry brush will not adhere to the

exposed places. The shorter the time of exposure
the darker will be the picture, this being the exact
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opposite to the silver chloride process. After 20

to 30 seconds' exposure a veil of moisture forms, a

sign that the exposure should soon terminate.

The operation is best conducted in broad day-

light.

By sprinkling the colour powder the image will be

slowly developed. The colour is spread over the

plate several times by a brush, and no loose particles

of colour must remain adhering. A correctly

exposed picture develops by degrees. Through
insufficient exposure and humidity of the materials

a smearing of the picture may take place.

The picture is then washed to dissolve away the

soluble chromium salt, and, in order not to injure the

picture, a coat of collodion is given to it. After the

developing process the picture may be retouched.

The transference of the image to the enamel plate

is performed by the aid of leather viscose (i litre

collodion and 2-3 c.c. resinous oil). The picture

is carefully freed from dust, the prepared collodion

poured upon it, the picture lifted by the corners, and

the glass plate laid in a dish with caustic potash

solution (2 per cent.) until the yellow coloration

has quite disappeared. The picture is placed in pure

water, which is carefully changed twice, and to the

last water a few drops of nitric acid are added to

prevent the development of disturbing air-bubbles.

The picture is now transferred to the enamel plate,

allowed to dry, and then burnt in carefully in the

muffle furnace.

Should the image be transferred with the collodion
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side underneath, then a reversed picture will be

obtained, so that when preparing the glass positive

allowance must be made. (The negative is placed

reversed in the copying camera.)
If the picture lies between the enamel plate and

collodion, then the latter is dissolved by means of the

following mixture :

Alcohol.... 50 c.c.

Ether . .
-

50
Lavender oil . . .100
Turpentine oil . . 3

For colours the ordinary easily fusible enamel colours

are used.

The second process, the process of sprinkling with

iron chloride, is distinguished from the former in

that the layer sensible to light becomes hygroscopic
on exposure, and therefore the enamel colour adheres

on the exposed places.

Poitevin offers the following formula :

Water . . . .100 c.c.

Ferric chloride . . 10 grm.
Tartaric acid . . . 4

The exposure lasts 510 minutes.

Finally, the substitution process consists in the

production of a positive collodion picture according

to the negative to be copied, and in this, by treatment

with gold, platinum, or iridium chloride solutions, the

silver is replaced or substituted by another metal.

Further particulars are to be found in Dr Paul



DECORATION OF THE WARE PHOTO-CERAMICS. 109

Ed. Liesegang's Fusible Photographic Colour Pictures

(Photographische Schmelzfarbenbilder) .

The photo-ceramic art occupies in many senses an

elevated position. After some practice the produc-
tion of relatively inexpensive enamel pictures capable

of resisting wear and tear may easily and quickly be

performed.



CHAPTER IX

STATISTICS AND GENERAL
INFORMATION

THE enamelling of sheet and cast wares is almost

exclusively performed by hand-labour, demanding

application and manual dexterity of the worker. It

is a fact worthy of note that nations called pro-

gressive that is, who follow cultured occupations and

have an undeniable inclination for invention and indus-

trial activity possess an increasingly small enamel

industry. The smallness of the enamel industry in

such countries may be traced to three causes : scarcity

of sufficient technical skill; more expensive mode of

existence in these countries, with consequent higher

wages ; together with the lack of the most important
mineral products necessary for producing enamels.

An industry which depends on skilled hand-labour is

generally not compatible with too high wages. In

proportion as the wages of all places rise with the

times, and as the standard of life of the worker is

improved, so must greater exertion be expended in

order to compensate by progress in manufacture for

the increased cost due to rising wages, higher price
no
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for materials, etc. If this progress should not be

caused by a rise, often too sudden, in the cost of

production, then it must be due to more economical

working. Experiments undertaken with the object

of replacing hand-labour by the cheaper and more

uniform working power of a machine have, in

contrast with all other occupations, more or less

missed fire in the ceramic and enamel industry.

Every so-called coating machine designed for cover-

ing objects with enamel has been up to the present

far removed from being a really efficient substitute

for hand-labour. The difficulties in constructing

such machines ridicule the inventive power of the

engineer, especially those concerned with wares

produced in many kinds and sizes, and in particular

with the complicated rolling motion requisite for

correct covering.

It may, however, be premature to exclude the

possibility of sooner or later constructing a really

successful coating machine, since the first steps have

already been taken.

Another pressing question, full of deep concern

to the interests of many firms, is the management of

the works.

It is necessary in many firms to work in two

sections, viz. day and night. This is so obviously

a nuisance, that every firm should endeavour to

work exclusively by day, with the natural exception

of the furnace and some other special operations.

Most enamel works, the foundation of which dates

back thirty to forty years, began business in a



ii2 ENAMELLING ON IRON AND STEEL.

way suitable to the condition of the industry at that

time, i.e. on a small scale. By the unprecedented

growth of our industry, it has been necessary to

enlarge the plant, and this with as little disturbance

as possible. These extensions always lagged behind

the increasing demand for enamelled goods, with the

result that in the majority of works there was a

permanent lack of space, necessitating two shifts

working day and night in the factory. The mani-

fold inconveniences attached to the night-shift from

a productive, qualitative, as well as from a hygienic

aspect are obvious, and it is just these facts which

give a certain superiority to many of the more recent

firms that work only by day.

Competitors of Enamelled Kitchen
Utensils. According as a definite branch of

industry is understood to be in the ascendant, caused

by growing need and intelligence in the use of

common utensils designed for greater convenience,

so will the indefatigable inventive spirit of man-

kind ever seek to displace an older industry by a

new invention.

The unexampled success with which the enamel

industry has displaced the unsuitable, ungainly,

easily broken and therefore expensive earthenware

from the kitchen, has in turn encouraged others to

supplant the enamelled utensil with purely metallic

vessels, such as nickel, aluminium, metal-plated, and

other varieties. On the whole, however, this has

met with little success.

A nickel vessel will always be a luxurious kitchen
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utensil, and the spending capacity of the majority of

consumers is limited, apart from the fact that the

enamelled vessel is easily cleaned, and its appearance

preferable both from a hygienic and aesthetic stand-

point. The slightest amount of dirt is detected

with ease.

Aluminium has generally proved disappointing,

and has not fulfilled the great hopes entertained for

it. More recently the proper channel for the use

of aluminium has been discovered, which, however,
is not to be sought for in the manufacture of house-

hold utensils, but in the great utility of the alu-

minium alloys for certain technical processes. Sheet

aluminium is prepared to-day with a purity of 98

per cent., and exhibits among other things a peculiar

behaviour towards water, and particularly towards

moisture. For long the phenomenon could not be

explained, viz. that aluminium utensils, which had

been full of pure water, were afterwards frequently

found to have undergone decomposition, forming
aluminium oxide or alumina ; and in like manner

many an inoffensive bed-warmer made of aluminium

exhibited after a little while a perforated surface.

These perforations are surrounded by little white

incrustations of the decomposition product, viz.

alumina.

Experiments have shown that aluminium utensils

which have not been most carefully dried after

use (a particular in housekeeping which is never

the case), under the influence of the moisture left

behind and of the air, probably generate a feeble
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galvanic current (aluminium, nickel, or iron content

= 2 per cent., and carbonic acid from the air),

whereby the water is electrolytically decomposed, and

the oxygen so formed causes a partial oxidation of

the sheet aluminium, forming a white incrustation of

aluminium oxide. If added to this is the difficult

process of cleaning, the small mechanical resisting

capacity of sheet aluminium, together with the

price, it may safely be said that no serious com-

petition is threatened the enamel industry from

this quarter.

In another direction, too, the same applies. To
the degree that our industry has progressed, by
virtue of which enamelled house utensils are

produced at present absolutely free from poison,

pleasing to the eye, durable and inexpensive, no

noteworthy advance of the purely ceramic industry

in the direction of manufacturing kitchen utensils

can be recorded.

In addition, we have to note the versatility of the

use of enamelled sheet or cast vessels for technical

and hygienic purposes, such as the manufacture of

door-plates, trade and industrial appliances, wainscot

plates, hooks, screws, tubs, bottles, baths, wash-

basins, water-closets and pipes.

Some statistical data, taken from the book by Dr
Hermann Wuppermann already cited, will best illus-

trate the progress of the industry, especially in Ger-

many and Austria-Hungary. To give absolutely

reliable statistics of a relatively modern industry,

taking into account the origin of the manufacture,
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the original methods pursued by different firms,

wages, and balance-sheets, is a difficult matter, and

only capable of partial solution. Yet every stage in

this industry must be regarded as progress.

As to-day we see the ramparts of many a town

pulled down to afford the inhabitants more space

and possibilities of expansion, so also in the

enamel industry, corresponding to its progressive

development, will many a cupboard, hitherto jealously

locked up, be thrown open, without injury to the

industry. True progress is rather to be sought
in the training of a capable works personnel, in

conscientious management, and in industry and the

performance of duty on the part of all those

employed.
In the year 1904 there existed about 71 enamel

firms in Germany, which were spread chiefly over

Saxony, Rhineland, Westphalia, and South Germany.
The active capital in the German enamel industry
is estimated at about 2! to 3 millions sterling. The
number of workers is taken in Germany as 22,000.

In Austria-Hungary 12,000 workers may find em-

ployment in the enamel industry.

In addition a large number of workers are in-

directly engaged in supplying the great demand for

sheet-metal, paper, chemical products, etc.

The output of the separate works is different, and

depends on the locality, management, and intelligence

of the workers. One firm will produce more with

the same number of workers than another. Equally
decisive for the output of a works is the complete-
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ness of its technical equipment. The quantity of

enamelled sheet ware produced per annum in Ger-

many is estimated at 70,000 to 85,000 tons. As an

average price per kilo, of enamelled ware 8jd. is

accepted.

Single enamel firms show a yearly total of

400,000 to 450,000, and it is worthy of note that

there is a continual tendency to enlarge existing

works.

If the average value of the forged sheet metal

be stated at 245. per 100 kg., then the average sheet-

metal consumption per annum for our industry in

Germany may be put at 70,000 to 85,000 tons,

with a value of about 850,000 to 1,000,000

sterling.

The highest price for sheet metal was paid in the

year 1899, and was 325. per 100 kg.

The dividends paid by the larger firms vary in

different years, and, for example, in one firm were

TO percent. (1898), 12 per cent. (1899), 8 per cent.

(1900), 4 per cent. (1901), 4 per cent. (1902), 5 per
cent. (1903), 7 per cent. (1904).

The number of workers engaged in single firms

varies from 3000 to 4000.
For lighter work many women are engaged. The

dangers to the worker in the enamel industry are,

apart from the crude-ware manufacture, insignificant.

The average working period is ten hours, but the

furnace workmen are divided into three sections of

eight hours.

The customs comparisons for different countries
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throw considerable light on the enamel industry,

which exports a part of its produce.

SUMMARY OF THE TAXES LEVIED ON ENAMELLED SHEET-
METAL UTENSILS BY DIFFERENT STATES.*

Germany ..... . 7/6 per lookg. (per 2 cwt).
Austria-Hungary . . . 42/6

Sweden . fc .

%

. . 55/0

United States ofAmerica, about 28/0 (40% of the value).

Belgium . . . . 10/6 (15% ).

France . . ,. . . . 24/0

Switzerland ... . 17/7^
Russia ..... 59/o|
Roumania . .

'

. . 80/0

Italy . . . 24/0

Spain ,
. ; . . . 22/3^

Turkey . . about 5/7J ( 8% of the value).

Denmark . . . . 7/6

The Netherlands . . .. 3/6 ( 5% ).

Great Britain

Taxes on sheet iron when imported into Germany,

according to the recent German tariff of 25th

December, 1902 (Items 786-788), sheet metal :

786. Crude, forged, turned, dressed, varnished :

In thicknesses of more than i mm., 305. per ton
;

in

thickness of i mm. or under, 46$. per ton.

A comment on items 786 and 788 is important,

viz. :

" For sheet iron of smaller thickness than

5 mm. which is cut otherwise than rectangular

(i.e. rolls) the tax is increased 25 per cent."

Finally, the export of enamelled sheet utensils from

Germany may be noticed.

* The data are likewise taken from the work of Dr Hermann

Wuppermann, entitled The Industry of the Enamelled Sheet-Metal

Utensils in Germany,
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different countries, the natural endeavour of each

government has been to protect its home industry

by high import taxes. The enamel industry is there-

fore always compelled to capture new markets, and

by strenuous labour for fresh progress, for improve-

ments, and for more efficient methods of working,
to meet the difficulties of growing competition. Yet

the greater the obstacles are, even more so will the

spirit of invention work for the building up of our

industry, and give always to our manufacture a new
direction and a new impetus. In the economic war

waged in all departments of industry, the palm of

victory and success will fall to those firms that study
the modern technical acquisitions, and unreservedly

put into practice the doctrines of technical science.
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EXTRACT FROM THE HISTORY OF THE ENAMEL
ARTS AND OF ENAMEL ORNAMENTATION.

FOR a complete understanding of the natural evolution of

the modern enamel industry applied to iron, a knowledge

of the history of our predecessors in the enamel arts and

enamel painting is necessary.

The enamelling of metals is of great antiquity, and the

art has probably come from the Scythians, who introduced

it into China at the time of the Emperor Thaiwonti. At

all events the art was known in India before its introduction

into China.

The Egyptians, Phoenicians, and Assyrians had already

prepared enamelled jewellery, but during the period of

classical culture the art remained Oriental, since neither the

Greeks nor the Romans accomplished anything noteworthy

in this direction.

The principal producing countries remained the Black

Sea territories of Persia and North India, and from here

the Byzantines transported the art into Europe about the

eleventh century. The industry flourished especially in

Italy, France, and Central Germany. Already the Mero-

vingian epoch contained the rudiments of a primitive art of

enamelling bronze utensils in Byzantine fashion.

It may almost be affirmed that up to the above period

the enamel arts belonged to barbaric civilisation, while at

this time the Indians of the Punjaub and the Persians

121
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created truly masterpieces. These were the Sikhs of the

Punjaub, who employed enamels in the artistic crafts of

Central India. In Lahore, the capital of Central India,

the crude enamels were prepared from most remote times,

and to-day these are sent to the Indian artists in Dje'ipour

and other places. These latter understand how to prepare

truly artistic enamelled utensils, but not the crude enamels

themselves. The artists of Lahore, Benares, and Lucknow

still enjoy great authority.

In perfection these enamels were only equalled by the

French, and but partially excelled, as we shall learn from

the following short history of the enamel arts and enamel

painting.

The original procedure for the preparation of artistic

enamelled utensils was the so-called "
champlevage." Por-

tions of metallic objects were excavated, the intermediate

parts thereby weakened were shaped into ornaments, and

the cavities filled with different coloured enamels, which

were then fired. After cooling, the object was ground so

that the metallic edges appeared as the outline of the orna-

ment. The " dmail champleve
" was principally used in

Rhineland and Limoges.

The second mode frequently employed, which at present

has almost been lost, is characterised by the enamels being

in cells each containing several colours, which were formed

into geometrical figures, unless the intermediate spaces

between the separate coloured enamel cells had been formed

by metallic strips. The most antique objects discovered,

made of enamelled bronze, were principally equestrian, etc.

Next were found in 1866 artistic enamelled bottles in

calabash form among the ruins of ancient Pinguentum

(30 km. from Trieste), with medallions of Antonius the

Pious (138-161).
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At the beginning of the fifth century the barbarians

overrunning Europe introduced another artistic enamelling

method, viz. the "email cloisonne." The ornamentation

on the metallic surfaces was made with metal strips, which

were soldered or gummed on, and the spaces filled with

enamel, thus obtaining a brilliant mosaic. As the most

antique example of this art may be mentioned the sword

and jewels of Childeric, king of the Franks (465-481), dis-

covered at Tournai in 1653.
The " email cloisonne

" was in the possession of certain

families during the Middle Ages, and was then known as

"electron." Justin I. (518-527) sent to Pope Hormisdas

an enamelled lamp (gabatam elektrlnam).

We have to thank the monk Theophilus,* who lived in

the eleventh century, for many valuable historical communi-

cations respecting the art of enamelling. In his work

Theophilus is also designated Rutgerus, whereby the theory

of certain archaeologists appears confirmed, viz. that a

portable altar, worked in silver, which is to be found among
the cathedral treasures at Paderborn, had been finished by a

monk Rutcherus at Helmarshausen in Franconia about the

eleventh century, who may be the Theophilus mentioned.

To the most antique objects of the "email cloisonne,"

which are, together with the majority at this period, of

Byzantine origin, belongs the famous iron crown of

Theodolinde, crowned queen of Lombardy (A.D. 625), now
in possession of the Cathedral of Monza, near Milan.

The shrine relics of the True Cross in the Church of

St George at Limburg (Nassau) are among the most famous

of the enamelled gold vessels. The following also belong
to the eleventh century : the eight valuable enamelled gold

plates which were discovered in 1860 while tilling a field

* Diversarum artium schedula.
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in Nyitra-Ivanka, in the Neutraer Comitat, in Hungary, of

which seven are to be seen in the museum at Budapest,
these probably constituting the remnant of a crown

;
and the

figures of Constantine, Emperor of the Romans, also of the

Empresses Theodora and Zoe, daughters of Constantine

VIII. The crown of St Stephen in the castle at Buda-

pest, which was presented by the Emperor Michael Ducas

to King Geza I. of Hungary (A.D. 1077), belongs to the

most noteworthy of the Byzantine enamelled works of art.

It may be mentioned that the Byzantine enamel artists

were familiar with white, fiery-red, brown-red, deep-blue,

green, and black enamels.

In Germany the Byzantine art was introduced under

the reign of Otto II., son of Otto the Great. Otto II.

married in 971 Theophanie, a daughter of the Roman

Emperor at Byzantium and granddaughter of Constantine

P. Orphiprogenetus. To the most antique art vessels of

this period belong the three gold crucifixes in the church

at Essen (already of German origin), which show insufficient

technical knowledge. Henry II., the Saint, encouraged the

art of enamelling and brought it to a higher perfection in

Germany. About this period we meet for the first time the

expression "smalture
"

for enamel.* According to Littre, the

name " email
"

or tc esmail
"

is derived from the Old High
German "smelzen,"

"
smaltzen," or "schmelzen." The

Germans were the first to enamel copper objects in place of

gold, whereby the art was greatly extended. At the same

time the technique of the " email champleve
" was simplified.

The difficulty of preparing certain parts of the body in

enamel caused the German artists to execute the head,

legs, and hands of figures in metal, and only articles of

*
Anastasius, The Life of Leo,IV. (Gemnis et margaritis a. c. smaltis

optimis adornatum).
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clothing in enamel. Yet a further and later development
caused an economy in metal for the whole figure, only the

exterior being filled out with enamel (see the church

treasures in Bamberg, Cologne, and the so-called Guelph

jewels, etc.). From Cologne the new Rhenish art spread

from France to Verdun, where at the beginning of the

twelfth century a celebrated goldsmiths' school was founded.

This school belonged to the famous Nicolas of Verdun,

who, in the College of Klosterneuburg, near Vienna, pre-

pared the altar-cover or antependium in 1181, which was

recast in the fourteenth century into an altar-top.* About

the time of Nicolas of Verdun the development of a

specific French enamel art took place (the so-called school

of Limoges). (
This school rests on the Rhenish technique

(champlevage), and from now onwards runs parallel with it.

As an example of this period may be named a plate showing
the vision of St Francis of Assisi, in the Louvre at Paris.

The enamel arts of the goldsmiths at Limoges continued

to grow in importance, the artists of this town being
summoned to England and other countries. This French

school soon confined itself to enamelling the funds (back-

grounds) of artistic vases, while it deserted the real gold-

smithing, i.e. the artistic execution of figures in gold, and

quickly converted the art into an industry.

The cloisonnage of the enamel, which on account of its

technique gives to ornaments and figures a certain ungainli-

ness and imperfection, was, after an interval of a century,

first supplanted by the dainty, artistic, even if expensive,
"
champlevage." This revival is ascribed to the art of John

of Pisa (1250-1358). From Italy the art of the "email

* G. Herder, The Altar-top at Klosterneuberg, Vienna, 1860.

t Ed. Gamier, Histoire de la Verrerie et de FEmaillerie ; Emile

Molinier, Dictionnaire des Emailleurs, 1885.
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champleve
" made its reappearance in France, Germany,

and Holland. Proof specimens are to be found in the Bene-

dictine monastery at Maibingen, near Nordlingen, in Bavaria.

As further technique, the translucent "a jour cloisonne^'

technique must be mentioned. The most antique works

of this species are found mentioned in the inventory of the

Vatican (esmalta clara, esmaillio per quod videtur dies).
A

beautiful goblet of Cosroe I., king of the Persians (A.D. 579),

may be mentioned among the oldest discoveries of this art.

Finally we come to the last variety of the artistic

enamels, viz. to the enamel covering on previously worked

metallic objects, from which art our present iron enamel

technique has finally evolved. This artistic enamel first

appeared in the fourteenth century in France, Germany,
and Italy. In the chapel at Alt-Oetting in Bavaria is

found the so-called " Golden Rossel
"

(steed), a magnificent

specimen of this art.

The gradual decay of the art of Limoges in the

preparation of " email champleve
"

began in the fifteenth

century. Forced by adverse circumstances, these artists

discovered an enamelling process which would resuscitate

the Limoges school and its art to a new life.*

The masters of Limoges soon understood how to impress

upon the artistic trade engaged in preparing enamel pictures

the stamp of true art. The most famous representatives

in this movement were Nardon Penicaud (1503) and Jean
Penicaud.

About 1525 the art of enamel painting received a

further impetus through the so-called " email en grisaille."

This simple process permitted the best artistic effects to

be produced, and consisted essentially in that a thick

black enamel layer was fused upon enchased and cleansed

* Claudius Popelin, UArt de ?Email, 1868.
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copper objects, on which substratum a thin layer of white,

finely powdered enamel was placed, which after drying

allowed the black substratum to shine through. The de-

sired pattern is traced on this surface and the white enamel

round the contour is scratched away by means of a point, so

that a kind of gray silhouette was obtained, which was once

more burnt in. Afterwards the artist puts on more white

enamel according to the requirements of the several parts,

and so magnificent plastic figures or designs are obtained.

Among the most famous grisaille artists are the members

of the Limosin family: Leonard Limosin (A.D. 1576),

Leonard II. and Francois Limosin (A.D. 1646) ; further,

the Nouailhers, viz. Pierre Nouailher, Jacques Nouailher

(A.D. 1674), Pierre II. Nouailher; again, Pierre Reymond

(A.D. 1584), Pierre Courteys, Noel and Nicolas Laudin

(A.D. 1682).

A kind of enamel painting consists in covering a copper

plate with white enamel, and decorating it before branding

with pulverised metallic oxides. After firing, pictures are

produced similar to those obtained in faience, using a hotter

fire. Painting on enamel decreased towards the end of

the seventeenth century, but acquired new life under Louis

XV. The principal artists of this period are Aubert, Liot,

Taunay, J. B. Weyler, the Englishman Sikes (1752),

Chodowiecky, the famous Graveur (A.D. 1801, in Berlin),

Zincke of Dresden, Jeremias Meyer from Tubingen

(A.D. 1789), and Collins from London.

Enamel painting in other countries affords no special

items of interest up to the eighteenth century.

In Italy the art flourished in Florence, and is

characterised by a special design of vessel. In Germany
the once flourishing art decayed strongly in Cologne,

although we meet in the eighteenth century the note-
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worthy works of the Augsburg and Nuremberg enamellers

(collection in the Museum at the Green Vault in Dresden).

As representatives of this period Melchior Dinglinger

(A.D. 1731) from Ulm, Wenzel Jamnitzer (1508-1586)
from Nuremberg, Christof Jamnitzer (1563-1618), Hans

Muelich or Mielick, and especially David Attemstetter

from Augsburg, deserve mention. The enamel pictures

are usually inferior to the French works. In Vienna

worked Ph. H. Schindler from Dresden (1770), the

Director of the Imperial Academy, who painted chiefly

Tabatieren. There may still be mentioned Jacob Bodmer

from Nottingen (A.D. 1829, at Vienna).

In Spain enamel painting and art developed under

difficulties, while the English enamels attained high credit
;

the enamel works at Battersea, founded by the Frenchman

Etienne Theodore Janssen (1753), produced prominent

works of art, characterised by their elegant design and

the purity of their enamels and ornamentation. The

English were the first to use the reprinting process for

decorating purposes,* in Battersea, Worcester, and Stafford-

shire. The art of enamelling experienced a new impetus

in France about the middle of the nineteenth century, at

which time Augustine (A.D. 1832) deserves mention.

Thanks to the encroachment of the national manufacture

at Sevres, the half-forgotten art of Limoges has been raised

from the dead. Single artists of this period, such as

Meyer-Heine, Paul Avisse, and Apoil, directly rendered

eminent service. Apoil was the first to execute real

masterpieces of the enamelling art on an iron substratum.

Among the more recent French representatives of the art

are Christofle and Falize, also Thesmar and James Tissot.

*
E. Molinier, UEmaillerie^ 1891.
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ACID-PROOF enamel, 63.
Acids for pickling crude ware, 73.
Addition of vehicle to enamel, 59.
Additions on grinding, 58 et seq.

Air-brush, use of, in decoration,
100.

Alumina, in felspar, 6.

Aluminium utensils, 113.
Ammonium carbonate, 13.

Antimony, 16.

Application of the ground-
enamel, 79, 8 1.

of further coats, 84.
Arsenic in enamel, 66.

Artificial cryolite, n.

BALANCE, importance of, in

works, 53.
Barium chromate, 29.
Black enamel, 21, 63.
Blast furnace, 53.

Blisters, 80, 97.
Blue enamel, 21, 62.

Boracic acid, 9.

Borax, 7.

Border, addition of, to enamelled

ware, 85.
Brown enamel, 24, 29.

Bruises, removal of, 79.

CADMIUM sulphide, 29.
Calcium fluoride, 7.

Carbonate of ammonia, 13.

Carmine, 31.

Cassius, purple of, 30.
Cast iron, 44.
Cause of mistakes, 95.

Charge at melt, 53.

Chipping, 96.
Chromic oxide, 26.

preparation of, 27.

Chromo-lithographs, 100.

Clay, addition of, to ground-
enamel, 58.

analysis and composition, 36.

pyrometer, 91.
sources of, 38.
treatment of, 38.

Coal, 41 et seq.

Coating-machines, in.

Coating of enamel, application
of, 79.

Cobalt, 21, 80.

substitute for, 22, 80.

Colours used in painting on
enamel, 100.

Composition of some enamels,
68.

Consumption of enamel, 84, 86.

Copper oxide, 26.

Cracks, 97.
Crucible furnace, 53.
Crude ware, cleaning, 72.

heating, 70.

pickling, 72.

preparation of, 70.

Cryolite, 9.

artificial, n.

Cupric oxide, 26, 28.

DECORATiONofenamelled wares,
99, 103.

Deformation on firing, 94.

Drying, 81,85.
Dullness, 97.
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ELECTRICAL pyrometer, 92.

Enamel, acid-proof, 63.

black, 24, 63.
black specks in, 14.

blue, 21, 62.

brown, 24.

carmine, 31.
coefficient of expansion, 22

consumption of, 84.
effect of high temperature on,

54-

formulas, 5 1 et seq.

green, 27.

grinding, 57.

lustrous, 33.

melting, 53.

mixing, 51.

preparation of, 50.

purple, 30.
removal of, 95.

rose-coloured, 29.

specific gravity of, 60.

splintering, 56.
use of antimony and lead in,

17-

violet, 24.

white, 51, 58,63,66.
yellow, 29.

Enamelled ware, decoration of,

99-
.

Enamelling, process of, 79.

history of, 121.

Enamels, composition of, 68.

Expansion of enamel, 22.

of iron, 22.

FELSPAR, 6.

Ferric oxide, 25.
Ferrous chromite, 29.

Firing the coated utensil, 88, 93.
deformation during, 94.

Flaws in the crude ware, 70.

Fluorspar, 7.

Formulae for enamel, 51 et seq.

Furnaces, 53, 89.

GLAZE, 16, 18, 64.
Gold salts, 29.

glance, 31.

recovery from waste, 33.

Green enamel, 26, 28, 58.

Grinding fused enamel, 57.

HAND-PAINTING on enamelled

wares, 100.

colours used in, 101.

History of enamelling, 121.

Hydrochloric acid, for pickling
crude ware, 73.

test for, 40.

IRON, cast, 44, 47.

oxide, 25.

sheet, 44.

storage of, 46.
use of fragments, 46.

KAOLIN, 36.
Kitchen utensils, 112.

LAYING on the enamel, 79.
Lead chromate, 29.

glaze, 1 8.

oxide, 1 8.

use of, 1 6.

Lignite, composition of, 42.

Limonite, 24.
Lustrous enamels, 33.

MANAGEMENT of the works, 1 1 1.

Manganese peroxide, 24.

Melting the enamel mixture, 53.

Metal, storage of, 46.
Mills for grinding fused enamels,

57-
Mistakes and their causes, 95.

Mixing enamel, 51.

Mixtures, examples of, 69.
Moulds for casting, 49.

NICKEL, 22, 80.

utensils, 112.

Night-shifts, in.

OPACITY, 18, 88.

Optical pyrometer, 93.

PAINTING enamelled wares, 99.
colours used, 101.

spray, 100.
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Photo-ceramics, 103.

Pickling the crude ware, 72.
acids for, 73.
loss of metal during, 75.
vats for, 75.

Potash, 9.

Potassium carbonate, 9.

nitrate, 9.

Preparation of enamel, 50.
of the crude ware, 70.

Purple of Cassius, 30.

Pyrolusite, 24.

QUARTZ, 7.

REGENERATIVE firing, 89.
Removal of enamel, 95.

Repairs, 83.
Rose-coloured enamels, 29, 58.

Rutile, 19.

SALTPETRE, 9.

Sand-blast for crude ware, 72.

Scaling, 96.
Second coat of enamel, 84.
Sheet iron, 44 et seq.
Soda, 9.

Sodium nitrate, 9.

Spots, 97.

Spray painting, 100.
Stannic oxide, 14, 30.

substitutes for, 15.

Sulphuric acid, 25, 40.
for pickling, 73.

TEMPERATURE during prepara-
tion of enamel, 54.

during firing, 88.

during measuring, 91.
Tin, 14, 30.

scarcity of, 17.

substitute for, 1 5.

Titanium oxide, 19.

Transfers, 100.

URANIUM salts, use of, 29.

VATS for pickling crude ware, 75.

Vehicle, addition of, to enamel, 59.
Violet enamel, 24.

WARES, preparation of crude, 70.

Water, 39.
White enamel, 51, 58, 63, 66.

effect of temperature on, 88.

YELLOW enamel, 29, 58. ,
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In Handsome Cloth. With 252 Illustrations. 155. net.

THE THEORY OF THE STEAM TURBINE.
A Treatise on the Principles of Construction of the Steam Turbine,

with Historical Notes on its Development.
BY ALEXANDER JUDE.

CONTENTS Fundamental. Historical Notes on Turbines. The Velocity of Steam.

Types of Steam Turbines. Practical Turbines. The Efficiency of Turbines, Type I.

Trajectory of the Steam. Efficiency of Turbines, Types II., III. and IV. Turbine Vanes.
Disc and Vane Friction in Turbines. Specific Heat of Superheated Steam. Strength
of Rotating Discs. Governing Steam Turbines. Steam Consumption of Turbines. The
Whirling ofShafts. Speed of Turbines. INDEX.

" One of the latest text-books . . . also one of the best . . . there is absolutely
no padding." Sir William White in the Times Engineering Supplement.

In Large Crown 8vo. Handsome Cloth. With 131 Illustrations. 6s. net.

LECTURES ON THE MARINE STEAM TURBINE.
BY PROF. J. HARVARD BILES, M.lNST.KA.,

Professor of Naval Architecture in the University of Glasgow.
" This is the best popular work on the marine steam turbine which has yet appeared."

Steamship.

Works by BRYAN DONKIN, M.Inst.C.E., M.Inst.Meeh.E., &e.

FOURTH EDITION, Revised and Enlarged. With additional Illustrations.

Large 8vo, Handsome Cloth. 255. net.

A TEXT-BOOK ON

GAS, OIL, AND AIR ENGINES.
BY BRYAN DONKIN, M.INST.C.E., M.INST.MECH.E.

"The best book now published on Gas, Oil, and Air Engines." Engineer.

In Quarto, Handsome Cloth. With Numerous Plates. 255.

THE HEAT EFFICIENCY OF STEAM BOILERS
(LAND, MARINE, AND LOCOMOTIVE).

BY BRYAN DONKIN, M.INST.C.E.
GENERAL CONTENTS. Classification of Different Types of Boilers. 425 Experiments on

English and Foreign Boilers with their Heat Efficiencies shown in Fifty Tables. Fire

Grates of Various Types. Mechanical Stokers. Combustion of Fuel in Boilers. Trans-
mission of Heat through Boiler Plates, and their Temperature. Feed Water Heaters,

Superheaters, Feed Pumps, &c. Smoke and its Prevention. Instruments used in Testing
Boilers. Marine and Locomotive Boilers. Fuel Testing Stations. Discussion of the Trials

and Conclusions. On the Choice of a Boiler, and Testing of Land, Marine, and Locomotive
Boilers. Appendices. Bibliography. INDEX.

Probably toe MOST EXHAUSTIVE resume that has ever been collected. A PRACTICAL
BOOK by a thoroughly practical man." Iron and Coal Trades Review,

In Large Crown Svo. Cloth. Fully Illustrated. 5s. net.

SUCTION GAS PLANTS.
BY PROF. C. A. SMITH, of the East London Technical College.

CONTENTS. Introduction. Details of Construction. Fuel and Testing. Application
and Uses of Suction Plants. Working the Plant. Typical Plants. Plants for Special
Purposes. Total H.P. Effluent. Cost of Gas Production. The Gas Engine. Biblio-

graphy. Calorific Value of Coal Gas. Of Solid Fuels. Gas Analysis. Destruction of

Tar in the Producer. Detection of CO in Exhaust. Capital Cost. INDEX.
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FOURTH EDITION, Revised. Pocket-Size, Leather, 12s. 6d.

BOILERS, MARINE AND LAND:
THEIR CONSTRUCTION AND STRENGTH.

A HANDBOOK OF RULES, FORMULA, TABLES, &o., RELATIVE TO MATERIALS,
SCANTLINGS, AND PRESSURES, SAFETY VALVES, SPRINGS,

FITTINGS AND MOUNTINGS, &o.

FOR THE USE OF ENGINEERS, SURVEYORS, BOILER-MAKERS.
AND STEAM USERS.

BY T. W. TRAILL, M. INST. 0. E., F. E. R. N.
Late Engineer Surveyor-in-Chief to the Board of Trade.

" Contains an ENORMOUS QUANTITY OF INFORMATION arrranged in a very convenient form. . .

A MOST USEFUL VOLUME . . . supplying information to be had nowhere else." The Engineer.

SIXTH EDITION, Revised. JLarge Crown 8vo. With numerous
Illustrations. 6s. net.

ENGINE-ROOM PRACTICE :

A Handbook for Engineers and Officers in the Royal Navy and Mercantile
Marine, including the Management of the Main and Auxiliary

Engines on Board Ship.

BY JOHN G. LIVERSIDGE, K.N., A.M.I.C.E.
Contents. General Description of Marine Machinery. The Conditions of Service aud

Duties of Engineers of the Royal Navy. Entry and Conditions of Service of Engineers of

tbe Leading S.S. Companies. Raising Steam Duties of a Steaming Watch on Enginet
And Boilers. Shutting off Steam Harbour Duties and Watches. Adjustments and
Repairs of Engines. Preservation and Repairs of "Tank" Boilers. The Hnll -nd its

Fittings. Cleaning and Painting Machinery. Reciprocating Pumpe, Feed Heaters, and
Automatic Feed - Water Regulators. Evaporators. Steam Boats. Electric Light
Machinery. Hydraulic Machinery. Air-Compressing Pumps. Refrigerating Machines
-Machinery of Destroyers. The Management of Water-Tube Boilers. Regulations for

Entry of Assistant Engineers, R.N. Questions given in Examinations for Promotion of

tfingineers R.N. Regulations respecting Board of Trade Examinations for Engineers, &c
"This VERY USEFUL BOOK. . . . ILLUSTRATIONS are of GREAT IMPORTANCE in a work

of this kind, and it is satisfactory to find that SPECIAL ATTENTION has been given in this

'aspect." Engineers' Gazette.

FIFTH EDITION, Thoroughly Revised and Greatly Enlarged.
With Numerous Illustrations. Price 10s. 6d.

VALVES AND VALVE -GEARING :

A Practical Text-boohfor the use of Engineers, Draughtsmen, and Students.

BY CHARLES HURST, PRACTICAL DRAUGHTSMAN.
PART I. Steam Engine Valves.
PART II. Gas Engine Valves and

Gears.

PART III. Air Compressor Valves and
Gearing.

PART IV. Pump Valves.
"Ma. HURST'S VALVKS and VALVB-GBARING will prove a very valuable aid, and tend to th

production of Engines of SCIENTIFIC DESIGN and ECONOMICAL WORKING. . . . Will be largely
sought after by Students and Designers." Marine Engineer.

"As a practical treatise on the subject, the book stands without a rival." Mechanical
World.

Hints on Steam Engine Design and Construction. By CHARLES
HURST, "Author of Valves and Valve Gearing." SECOND EDITION,
Revised. In Paper Boards, 8vo., Cloth Back. Illustrated. Price
Is. 6d. net.

CONTENTS. I. Steam Pipes. II. Valves. III. Cylinders. IV. Air Pumps and Con-
densers.- V. Motion Work. VI. Crank Shafts and Pedestals. VII. Valve Gear. -VIII.
Lubrication. IX. Miscellaneous Details INDEX.

"A handy volume which every practical young engineer should possess." The Model
Engineer
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THIRD EDITION, Revised. With numerous Plates reduced trom

Working Drawings and Illustrations in the Text. 21s.

A MANUAL OF
LOCOMOTIVE ENGINEERING:

A Practical Text-Book for the Use of Engine Builders,
Designers and Draughtsmen, Railway

Engineers, and Students.

BY WILLIAM FRANK PETTIGREW, M.lNST.C.E.
Contents, Historical Introduction, 1763-1863. Modern Locomotives: Simple,

Modern Locomotives : Compound. - Primary Consideration in Locomotive Design. -

Cylinders, Steam Chests, and Stuffing Boxes. Pistons, Piston Eods, Crossheads, and
Slide Bars. Connecting and Coupling Rods. Wheels and Axles, Axle Boxes, Hornblock^
and Bearing Springs. Balancing. Valve Gear. Slide Valves and Valve Gear Details.~
Framing, Bogies and Axle Trucks, Badial Axle Boxes. Boilers. Smokebox. Blast Pipe
Firebox Fittings. Boiler Mountings. Tenders.- Railway Brakes. Lubrication.- Con-
sumption of Fuel, Evaporation and Engine Efficiency. Repairs, Running, Inspection,
and Renewals. Three Appendices Index.

"The work CONTAINS ALL THAT CAN BE LEARNT from a book upon such a subject. It
will at once rank as THE STANDARD WORK UPON THIS IMPORTANT SUBJECT." Railway Magazine.

In Large 8vo. Fully Illustrated. 8s. 6d. net.

LOCOMOTIVE COMPOUNDING AND SUPERHEATING.
BY J. F. GAIRNS.

CONTENTS. Introductory. Compounding and Superheating for Locomotives. A
Classification of Compound Systems for Locomotives. The History and Development of
the Compound Locomotive. Two-Cylinder Non-Automatic Systems. Two-Cylinder
Automatic Systems. Other Two-Cylinder Systems. Three-Cylinder Systems. Four-
Cylinder Tandem Systems. Four-Cylinder Two-Crank Systems (other than Tandem).
Four-Cylinder Balanced Systems. Four-Cylinder Divided and Balanced Systems.
Articulated Compound Engines. Triple-Expansion Locomotives. Compound Rack
Locomotives. Concluding Remarks Concerning Compound Locomotives. The Use of

Superheated Steam for Locomotives. INDEX.
"A welcome addition to the library of the railway engineer." Engineering Times.

In Large 8vo. Handsome Cloth. With Plates and Illustrations. 16s.LIGHT RAILWAYS
AT HOME AND ABROAD.

BY WILLIAM HENRY OOLE, M.lNST.O.K,
Late Deputy-Manager, North-Western Railway, India.

" Will remain, for some time yet a STANDARD WORK in everything relating to Light
Railways." Engineer.

" The whole subject is EXHAUSTIVELY and PRACTICALLY considered. The work can be
cordially recommended ae INDISPENSABLE to those whose duty it is to become acquainted
with one of the prime necessities of the immediate future." Railway Official Gazette.

In Demy 8vo. Handsome Cloth. Profusely Illustrated.

CARBURETTORS, VAPORISERS, AND VALVES.
BY EDWARD BUTLER, M.I.Mech.E.
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In Crown 8vo. Handsome Cloth. Fully Illustrated. 6s. net.

PRACTICAL CALCULATIONS FOR ENGINEERS.
BY CHARLES E. LARARD,

A.M.Inst.C.E., M.I.Mech.E.. Wh.Exh.,
Head of the Mechanical Engineering Department at the Northampton Institute, London, B.C.

AND H. A. GOLD ING, A.M.I.Mech.E.
CONTENTS. SECTION I. Contracted Methods of Calculation. Technical Mensura-

tion. Practical Calculation by Logarithms. The Slide Rule and its Applications.
Squared Paper and its Uses. SECTION II. Pulleys and Wheels in Train. Speed Ratios
and Practical Examples. Principle of Moments Applied to Practical Problems. Work
and Power. Energy and Speed Fluctuations. Transmission of Work through Machines.
Friction and Efficiency. Transmission of Power. Shafting. Motion on a Circle.

Momentum, Acceleration, and Force Action. SECTION III. Temperature Scales. Units
of Heat. Specific Heat. Heat and Work. Heat Value of Fuels. Heat Losses in Engine
and Boiler Plant. Properties of Steam. Moisture and Dryuess Fraction. Steam and
Fuel Calculations. Boiler Efficiency. Size of Boiler. Engine Calculations. Power,
Indicated and Brake. Calculations for Dimensions. Steam Consumption and Willans
Law. Efficiencies, Comparative Costs of Power Production. Commercial Efficiency.
SECTION IV. The Commercial side of Engineering. Calculation of Weights. Division
of Costs, Material and Labour, Shop Charges and Establishment Charges. Estimates.
Profit. Use of Squared Paper in the Estimating Department and to the General

Management.
"Exactly what it should be in order to make it useful to students and practitioners of

engineering. 'Manchester Guardian.

SIXTH EDITION. Folio, strongly half-bound, 2 is.TRAVERSE TABLES:
Computed to Four Places of Decimals for every Minute of Angle

up to 100 of Distance.

For the Use of Surveyors and Engineers.

BY RICHARD LLOYD GURDEN,
Authorised Surveyor for the Governments of New South Wales ana Victoria.

\* Published with the Concurrence oj the Surveyors- General for New South
Wales and Victoria.

"Those who have expenence in exact SURVEY-WORK will best know how to appreciate
the enormous amount of labour represented by this valuable book. Every Surveyor in

active practice has felt the want of such assistance FEW KNOWING OF THEIR (the Tables)
PUBLICATION WILL REMAIN WITHOUT THEM." Engineer.

Strongly Bound in Super Royal 8vo. Cloth Boards. 7s. 6d. net.

For Calculating Wages on the Bonus OP Premium Systems.
For Engineering, Technical and Allied Trades.

BY HENRY A. GOLDING, A.M.I.MECH.E.,
"Cannot fail to prove practically serviceable to those for whom they have been

designed." Scotsman.

MORSE-I>OWER COMPUTERS.
BY H. A. GOLDING, A. M. I. MECH.E., A. M.I. A. E.

For Steam, Gas, and Oil Engines. Complete with Explanatory
Pamphlet. In Box. 5s. net.

For Petrol Motors. Complete with Explanatory Pamphlet. In
Envelope. 6d. net.

Detailed Prospectus on Application.
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SECOND EDITION. Large 8vo, Handsome Cloth. With
Illustrations, Tables, &c. 21s. net.

Lubrication & Lubricants:
A Treatise on the Theory and Practice of Lubrication, and on the

Nature, Properties, and Testing of Lubricants.

BY AND

LEONARD ARCHBUTT, F.I.C., F.C.S., R. M. DEELEY, M.I.Mech.E., F.G.S.
Chemist to the Mid. Ry. Co. Chief Loco. Super., Mid. Ry. Co.

CONTENTS. I. Friction of Solids. II. Liquid Friction or Viscosity, and Plastic

Friction. III. Superficial Tension. IV. The Theory of Lubrication. V. Lubricants,
their Sources, Preparation, and Properties. VI. Physical Properties and Methods of

Examination of Lubricants. VII. Chemical Properties and Methods of Examination
of Lubricants. VIII. The Systematic Testing of Lubricants by Physical and Chemical
Methods. IX. The Mechanical Testing of Lubricants. X. The Design and Lubrication
of Bearings. XI. The Lubrication of Machinery. INDEX.

" Contains practically ALL THAT is KNOWN on the subject. Deserves the careful

attention of all Engineers." Railway Official Gazette.

FOURTH EDITION. Very fully Illustrated. Gloth, 4s. Qd.

STEAM - BOI LERS:
THEIR DEFECTS, MANAGEMENT, AND CONSTRUCTION

BY R D. MUNRO,
Chief Engineer of the Scottish Boiler Insurance and Engine Inspection Company

11 A valuable companion for workmen and engineers engaged about Steam Boilers, ought
to be carefully studied, and ALWAYS AT HAND." Coll. Guardian.

BY THE SAME AUTHOR.

KITCHEN BOILER EXPLOSIONS: Why
they Occur, and How to Prevent their Occurrence. A Practical Handbook
based on Actual Experiment. With Diagram and Coloured Plate. 33.

In Crown Svo, Cloth. Fully Illustrated. $s. net.

EMERY GRINDING MACHINERY.
A Text-Book of Workshop Practice in General Tool Grinding, and the

Design, Construction, and Application of the Machines Employed.

BY R. B. HODGSON, A.M.INST.MECH.E.
t fail to attract the notice of the

rusal." Chem. Trade Journal.

1 '

Eminently practical . . . cannot fail to attract the notice of the users of this class of

machinery, and to meet with careful per

FIFTH EDITION. In Two Parts, Published Separately.

A TEXT-BOOK OF

Engineering Drawing and Design,
BY SIDNEY H. WELLS, Wn.Sc., A.M.I.C.E., A.M.I.MECH.E.

VOL. I. PRACTICAL GEOMETRY, PLANE, AND SOLID. 4s. 6d.

VOL. II. MACHINE AND ENGINE DRAWING AND DESIGN. 4s. 6d.

With many Illustrations, specially prepared for the Work, and numerous

Examples, for the Use of Students in Technical Schools and Colleges.
" A CAFITAL TEXT-BOOK, arranged on an BXCBLLBNT SYSTKM, calculated to give an intelligent

grasp of the subject, and not the mere faculty of mechanical copying. ... Mr. Wells shows
how to make COMPLBTB WOBKING-DBAWINGS, discussing fully each step in the design." Electrical

LONDON: CHARLES GRIFFIN & CO., LIMITED, EXETER STREET, STRAND.



JSNOINJSJSRINO AND MECHANICS. 33

IN THREE PARTS. Crown 8vo, Handsome Cloth. Very Fully Illustrated.

MOTOR-CAR MECHANISM AND MANAGEMENT.
BY W. POYNTER ADAMS, M.lNST.E.E.

PART I. THE PETROL CAR. 55. net
SECOND EDITION. With important new Appendix, illustrating and denning parts

of actual cars in use.

Contents. SECTION I. THE MECHANISM OF THE PETROL CAR. The Engine.
The Engine Accessories. Electrical Ignition and Accessories. Multiple Cylinder Engines.
The Petrol. The Chassis and Driving Gear. SECTION II. THE MANAGEMENT OF THE

PETROL CAR. The Engine. The Engine Accessories. Electrical Ignition. The Chassis
and Driving Gear. General Management. APPENDIX. GLOSSARY. INDEX.,

"Should be carefully studied by those who have anything to do with motors." Auto-
mobile and Carriage Builders' Journal.

PART XL-ELECTRICAL AND PETROL ELECTRICAL
MOTOR CARS.

Pp. i.-x. + 202. With 50 Illustrations. 5s. net.

In Large 8vo. Handsome Cloth. Very Fully Illustrated. 18s. net

A MANUAL OF
PETROL MOTORS AND MOTOR-CARS.

Comprising ihe Designing, Construction, and Working of Petrol Motors.

By F. STRICKLAND.
GENERAL CONTENTS. PART I. : ENGINES. Historical. Power Required. General

Arrangement of Engines. Ignition. Carburettors. Cylinders, Pistons, Valves, &c.
Crank Shafts, Crank Chambers, Cams, Runners, Guides, Ac. Pumps. Flywheels.
Pipe Arrangements. Silencers. Engine Control, Balancing. Motor Cycle Engines.
Marine Motors. Two-Cycle Motors. Paraffin Carburettors. Gas Producers PART
II.: CARS. General Arrangements. Clutches. Transmission. Differential Gears.
Universal Joints. Axles. Springs. Radius Rods. Brakes. Wheels. Frames.

Steering Gear. Radiator. Steps, Mudguards, Bonnets, &c. Lubrication. Ball

Bearings. Bodies. Factors of Safety. Calculations of Stresses. Special Change Speed
Gears. Special Cars. Commercial Vehicles. Racing Cars. INDEX.

"Thoroughly practical and scientific. . . . We have pleasure in recommending it to all."

Mechanical Enr/ineer.

In Medium 8vo. Handsome Cloth. Fully Illustrated. 1 5s. net.

OIL MOTORS,
Their Development, Construction, and Management.

BY G. LIECKFELD. (Authorised English Edition).

CONTENTS. Liquid Fuels for Power Production. Development of the Petrol and
Paraffin Motors. Working of the Later Paraffin and Petrol Engines. Ignition Devices.

Examples of Stationary Petrol, Alcohol, Paraffin, and Crude Oil Engines. Automobiles.

Ship, Boat, and Air-ship Engines. Vehicles, &c., Driven by Internal Combustion
Engines. Erection and Attendance of Engines Driven with Liquid Fuel. Correcting
Irregularities in K uniting.

In Crown 8vo, Handsome Cloth. With 105 Illustrations. 5s. net.

MECHANICAL ENGINEERINGFOR BEG I N 1ST E FJ S.
BY R. S. M'LAREN.

CONTENTS. Materials. Bolts and Nuts, Studs, Set Screws. Boilers. Steam Raising
Accessories. Steam Pipes and Valves. The Steam Engine. Power Transmission.
Condensing Plant. The Steam Turbine. Electricity. Hydraulic Machinery. Gas and
Oil Engines. Strength of Beams, and Useful Information. INDEX.

" The best of its kind we have seen, and should be in the hands of every apprentice."
Steamship.

LONDON: CHARLES GRIFFIN & CO., UNITED. EXETER STREET, STRAND.



34 CHARLES GRIFFIN & CO.'S PUBLICATIONS.

WORKS BY
ANDREW JAMIESON, M.lNST.C.E., M.I.E.E., F.R.S.E.,

Formerly Professor ofElectrical Engineering, The Glas. and W. of Scot. Tech. Coll.

PROFESSOR JAMIESON'S ADVANCED TEXT-BOOKS,
In Large Crown 8vo. Fully Illustrated.

STEAM AND STEAM-ENGINES, INCLUDING TURBINES
AND BOILERS. For the Use of Engineers and for Students preparing
for Examinations. With 800 pp., over 400 Illustrations, II Plates, many
B. of E., C. and G., Questions and Answers, and all Inst. C.E. Exams,
on Theory of Heat Engines. SIXTEENTH EDITION, Revised. IDS. 6d.

" The BEST BOOK yet published for the use of Students." Engineer.

APPLIED MECHANICS & MECHANICAL ENGINEERING.
Including All the Inst. C.E. Exams, in (i) Applied Mechanics ;

(2) Strength and Elasticity of Materials ; (3a) Theory of Structures ;

(ii) Theory of Machines; Hydraulics. Also B. of E ; C. and G. Questions.
Vol. 1. Comprising 568 pages, 300 Illustrations, and Questions :

Part I., The Principle of Work and its Applications; Part II.: Friction,

Lubrication of Bearings, &c. ; Different kinds of Gearing and their Appli-
cations to Workshop Tools, &c. SIXTH EDITION. 8s. 6d.
" FULLY MAINTAINS the reputation of the Author." Pract. Engineer.

Vol. II. Comprising Parts III. to VI., with over 800 pages, 371 Illus-

trations ; Motion and Energy, Theory of Structures or Graphic Statics
;

Strength and Elasticity of Materials ; Hydraulics and Hydraulic
Machinery. FIFTH EDITION. 123. 6d.

"WHLL AND LUCIDLY WRITTEN." The Engineer.
*
t
* Each of the above volumes is complete in itself',

and sold separately.

PROFESSOR JAMIESON'S INTRODUCTORY MANUALS
Crown &vo. With Illustrations and Examination Papers.

STEAM AND THE STEAM-ENGINE (Elementary
Manual of). For First-Year Students, forming an Introduction to the

Author's larger Work. TWELFTH EDITION, Revised and Enlarged. 3/6
" Should be in the hands of EVERY engineering apprentice." Practical Engineer.

MAGNETISM AND ELECTRICITY (Practical Elementary
Manual of). For First-Year Students. With Stud Inst.C. E. and B. of E.

Exam. Questions. SEVENTH EDITION, Revised and Enlarged. 3/6." A THOROUGHLY TRUSTWORTHY Text-book. PRACTICAL and clear." Nature.

APPLIED MECHANICS (Elementary Manual oR
For First-Year Students. With B. of E., C. and G. ; and Stud. Inst. C.E.

Questions. EIGHTH EDITION, Revised and Greatly Enlarged. 3/6." The work has VERY HIGH QUALITIES, which may be condensed into the one word
' CLEAR.' "

Science and Art.

A POCKET-BOOK of ELECTRICAL RULES and TABLES
For the Use of Electricians and Engineers. By JOHN MUNRO, C.E.,
and Prof. JAMIESON. Pocket Size. Leather, 8s. 6d. NINETEENTH
EDITION. [See p. 47.
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WORKS BY I. J. MACQHORH RANKINE, LL.D., F.R.S.

Thoroughly Revised by W. J. MILLAR, C.E.

A MANUAL OF APPLIED MECHANICS : Comprising the

Principles of Statics and Cinematics, and Theory of Structures,
Mechanism, and Machines. With Numerous Diagrams. Crown 8vo,
Cloth. SEVENTEENTH EDITION. 12s. 6d.

A MANUAL OF CIVIL ENGINEERING : Comprising Engin-
eering Surveys, Earthwork, Foundations, Masonry, Carpentry, Metal
Work, Roads, Railways, Canals, Rivers, Waterworks, Harbours, &c.
With Numerous Tables and Illustrations. Crown 8vo, Cloth.
TWENTY-THIRD EDITION. 16s.

A MANUAL OF MACHINERY AND MILLWORK : Com
prising the Geometry, Motions, Work, Strength, Construction, and
Objects of Machines, &c. With nearly 300 Illustrations. Crown
8vo, Cloth. SEVENTH EDITION. 12s. 6d.

A MANUAL OF THE STEAM-ENGINE AND OTHER
PRIME MOVERS. With a Section on GAS, OIL, and AIB
ENGINES, by BRYAN DONKIN, M.Inst.C.E. With Folding Plates
and Numerous Illustrations. Crown 8vo, Cloth. SEVENTEENTH
EDITION. 12s. 6d.

USEFUL RULES AND TABLES : For Architects, Builders,

Engineers, Founders, Mechanics, Shipbuilders, Surveyors, &c. With
APPENDIX for the use of ELECTRICAL ENGINEERS. By Professor

JAMIESON, M.Inst.C.E., M.I.E.E. SEVENTH EDITION. 10s. 6d.

A MECHANICAL TEXT -BOOK: A Practical and Simple
Introduction to the Study of Mechanics. By Professor RANKINE
arid E. F. BAMBER, C.E. With Numerous Illustrations. Crown
8vo, Cloth. FIFTH EDITION. 9s.

V r>
" MECHANICAL TEXT-BOOK " was daigned by Professor BANKINE at an INTRO

DUCTION to the ibove Series of Manuals.

MISCELLANEOUS SCIENTIFIC PAPERS. Part I. Tempera-
ture, Elasticity, and Expansion of Vapours, Liquids, and Solids.

Part II. Energy and its Transformations. Part III. Wave-Forms,
Propulsion of Vessels, &c. With Memoir by Professor TAIT, M.A.
With fine Portrait on Steel, Plates, and Diagrams. Royal 8vo.

Cloth. 31s. 6d.

" No more enduring Memorial of Professor Rankine could be devised than the publica-
tion of these papers in an accessible form. . . . The Collection is most valuable on
account of the nature of his discoveries, and the beauty and completeness of his analysis.

"

Architect.

KDNDON: CHARLES GRIFFIN & CO., LIMITED, EXETER STREET, STRANO
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THIRD EDITION, Thoroughly Revised and Enlarged. With 60 Plates and

Numerous Illustrations. Handsome Cloth. 345.

HYDRAULIC POWER
AND

HYDRAULIC MACHINERY.
BY

HENRY ROBINSON, M. INST. C.E., F.G.S.,
FELLOW OF KING'S COLLEGE, LONDON J PROF. EMERITUS OF CIVIL ENGINEERING,

KING'S COLLEGE, ETC., ETC.

CONTENTS Discharge through Orifices. Flow of Water through Pipes. Accumulators

,

Cutters. Pile Drivers, Excavators, &c. Hydraulic Machinery applied to Bridges, Dock

Gates, Wheels and Turbines. Shields. Various Systems and Power Installations

Meters, &c. INDEX.

"'The standard work on the application of water power." Gassier s Magazine.

'Second Edition, Greatly Enlarged. With Frontispiece, several

Plates, and over 250 Illustrations. 21s. net.

THE PRINCIPLES AND CONSTRUCTION OF

PUMPING MACHINERY
(STEAM AND WATER PRESSURE).

With Practical Illustrations of ENGINES and PUMPS applied to MINING,
TOWN WATER SUPPLY, DRAINAGE of Lands, &c., also Economy

and Efficiency Trials of Pumping Machinery.

BY HENRY DAVEY,
Member of the Institution of Civil Engineers, Member of the Institution of

Mechanical Engineers, F.G.S., <tec.

CONTENTS Early History of Pumping Engines Steam Pumping Engines -

Pumps and Pump Valves General Principles of Non-Rotative Pumping
Engines The Cornish Engine, Simple and Compound Types of Mining
Engines Pit Work Shaft Sinking Hydraulic Transmission of Power in

Mines Electric Transmission of Power Valve Gears of Pumping EnginesW ater Pressure Pumping Engines Water Works Engines Pumping
Engine Economy and Trials of Pumping Machinery Centrifugal and other
Low-Lift Pumps Hydraulic Rams, Pumping Mains, &c. INDEX.

'By the 'one English Engineer who probably knows more about Pumping Machinery
than ANY OTHER.' ... A. VOLUME RECORDING THK RESULTS OF LONG EXPERIENCE AND
STUDY." The Engineer.

In Large Crown 8vo. Handsome Cloth. Fully Illustrated.

SEA WATER DISTILLATION,
BY FRANK NORMANDY, of the Middle Temple, Barrister-at-Law.

CONTENTS. Distilling Machinery. Sea Water. Steam. Multiple Distillation. The
Evaporator. The Distilling Condenser. Pumping Machinery. Useful Memoranda:
The Filter, Prevention of Corrosion and Decay of Metals, Removal of Scale, Cleaning.
Overhauling, &c. INDEX.

(LONDON : CHARLES GRIFFIN d CO., LIMITED, EXETER STREEI STRAND
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In Large 8vo. Handsome Cloth. Profusely Illustrated. IN Two
VOLUMES, Each Complete in itself, and SOLD SEPARATELY.THE

AND

CONSTRUCTION OF SHIPS.
BY JOHN HARVARD BILES,

Professor of Naval Architecture in Glasgow University.

Volume I.-CALCULATIONS AND STRENGTH. With 36 Folding
Plates, and 245 other Illustrations. Complete in itself, with
Index. 25s. net.

CONTENTS. PART I. Areas, Volumes, and Centres of Gravity. PART II. Ship
Calculations. PART III. Strength of Ships.
" No teacher of naval architecture nor scientifically - equipped student can afford to

be without this volume . . . will doubtless remain the standard for many years
"

Times.

Volume II., dealing with Stability, Waves, Oscillations, Resistance and

Propulsion, Design and Construction, is in active preparation, and
will be ready very shortly.

BY PROFESSOR BILES.

LECTURES ON THE MARINE STEAM TURBINE.
With 181 Illustrations. Price 6s. net

See page 28.

8uo, Handsome Cloth. With numerous Illustrations and Tables. 25a.

THE STABILITY OP SHIPS,
BY

SIR EDWARD J. REED, K.C.B., F.R.S., M.P.,
KNIGHT OF THB IMPERIAL ORDERS OF ST. STANILAUS OF RUSSIA; FRANCIS JOSEPH O

AUSTRIA ; MEDJIDIE OF TURKEY ; AND RISING SUN OF JAPAN ; VICF-

PRBSIDENT OF THB INSTITUTION OF NAVAL ARCHITECTS.
"

Sir EDWARD REED'S ' STABILITY OF SHIPS '

is INVALUABLE. The NAVAL ARCHITECT
will find brought together and ready to his hand, a mass of information which he would other-

wise have to seek in an almost endless variety of publications, and some of which he would

possibly not be able to obtain at all elsewhere." Steamship.

In Crown 8vo. Handsome Cloth. Fully Illustrated.

HYDROGRAPHIC SURVEYING.
For the Use of Beginners, Amateurs, and Port and

Harbour Masters.

BY COMMANDER S. MESSUM, R.N.,
Instructor in Nautical Surveying, R.N. College, Greenwich.

CONTENTS. Sextant. Protractor. - Station Pointer. Theodolite. Projections.-

Symbols and Abbreviations. Plotting and Triangulation of a Small Plan. Mast-head

Angle Survey. Meridian Distances. APPENDIX. INDEX.

LONDON : CHARLES GRIFFIN & CO. B LIMITED. EXETER STREET, STRAND
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WORKS BY THOMAS WALTON,
NAVAL ARCHITECT.

FOURTH EDITION. Illustrated with Plates, Numerous Diagrams, and

Figures in the Text. i8s. net.

STEEL SH I PS;
THEIR CONSTRUCTION AND MAINTENANCE.

A Manual for Shipbuilders, Ship Superintendents, Students,
and Marine Engineers.

BY THOMAS WALTON, NAVAL ARCHITECT,
AUTHOR OF " KNOW YOUR OWN SHIP."

CONTENTS. I. Manufacture of Cast Iron, Wrought Iron, and Steel. Coin-

position of Iron and Steel, Quality, Strength, Tests, &c. II. Classification of

Steel Ships. III. Considerations in making choice of Type of Vessel. Framing
of Ships. IV. Strains experienced by Ships. Methods of Computing and
Comparing Strengths of Ships. V. Construction of Ships. Alternative Modes
of Construction. Types of Vessels. Turret, Self Trimming, and Trunk
Steamers, &c. Rivets and Rivetting, \Vorkmanship. VI. Pumping Arrange-
ments. VII. Maintenance. Prevention of Deterioration in the Hulls of

Ships. Cement, Paint, &c. INDEX.
' So thorough and well written is every chapter in the book that it is diificult to select

any of them as being worthy of exceptional pra, so. Altogether, the work is excellent, and
will prove of great value to those for whom it is intended." The Engineer.

In Handsome Cloth. Very fully Illustrated. 7s. 6d. net.

PRESENT-DAY SHIPBUILDING.
For Shipyard Students, Ships' Officers, and Engineers.

BY THOS. WALTON.
GENERAL CONTENTS. Classification. Materials used in Shipbuilding.

Alternative Modes of Construction. Details of Construction. Framing,
Plating, Rivetting, Stem Frames, Twin-Screw Arrangements, Water
Ballast Arrangements, Loading and Discharging Gear, &c. Types of

Vessels, including Atlantic Liners, Cargo Steamers, Oil carrying Steamers,
Turret and other Self Trimming Steamers, &c. INDEX.

"Simple language . . . clear and easily followed illustrations." Times
Engineering Supplement.
"We heartily recommend it to all who have to do with ships." Steamship.

NINTH EDITION. Illustrated. Handsome Cloth, Crown 8vo. 7s. 6d.

The Chapters on Tonnage and Freeboard have been brought thoroughly
up to date, and embody the latest (1906) Board of Trade Regulations on
these subjects.

KNOW YOUR OWN SHIR
BY THOMAS WALTON, NAVAL ARCHITECT.

Specially arranged to suit the requirements of Ships' Officers, Shipowners,
Superintendents, Draughtsmen, Engineers, and Others,

CONTENTS. Displacement and Deadweight. Moments. Buoyancy. Strain.

Structure. Stability. llolling. Ballasting. Loading. Shifting Cargoes. Effect of

Admission of Water into Ship. Trim Tonnage. Freeboard (Load-line). Calculations.
Set of Calculations from Actual Drawings. INDEX.

"The work is of the highest value, and all who go down to the sea in ships should make them-
selves acquainted with it." Shipping World (on the new edition).

LONDON: CHARLES GRIFFIN & CO., LIMITED, EXETER STREET, STRAND.
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GRIFFIN'S NAUTICAL SERIES.
EDITED BY EDW. BLACKMORE,

Master Mariner, First Class Trinity House Certificate, Assoc. Inst. N.A. ;

AND WRITTEN, MAINLY, by SAILORS for SAILORS.

"THIS ADMIRABLE SERIES." Fairplay. "A VERY USEFUL SERIES." Nature.

"EVERY SHIP should have the WHOLE SERIES aa a REFERENCE LIBRARY. HAND-
SOMELY BOUND, CLEARLY PRINTED and ILLUSTRATED." Liverpool Journ. of Commerce.

The British Mercantile Marine : An Historical Sketch of its Rise
and Development. By the EDITOR, CAPT. BLAOKMORE. 3s. 6d.
"
Captain Blackmore s SPLENDID BOOK . . . contains paragraphs on every point

of interest to the Merchant Marine. The 243 pages of this book are THE MOST VALU-
ABLE to the sea captain that have EVER been COMPILED." Merchant Service Review.

Elementary Seamanship. By D. WILSON-BARKER, Master Mariner,
F.R.S.E., F.R.G.S. With numerous Plates, two in Colours, and Frontispiece.
SIXTH EDITION, Thoroughly Revised. With additional Illustrations, &c. 6s.

"This ADMIRABLE MANUAL, by CAPT. WILSON BARKER, of the 'Worcester,' seems
to us PERFECTLY DESIGNED." Athenceum.

KnOW Your Own Ship : A Simple Explanation of the Stability, Con-
struction, Tonnage, and Freeboard of Ships. By THOS. WALTON, Naval Architect,
NINTH EDITION. 7s. 6d.
"MR. WALTON'S book will be found VERY USEFUL." The Engineer.

Navigation : Theoretical and Practical. By D. WILSON-BARKER
and WILLIAM ALLINGHAM. SECOND EDITION, Revised. 3s. 6d.
"PRECISELY the kind of work required for the New Certificates of competency.

Candidates will find it INVALUABLE." Dundee Advertiser.

Marine Meteorology I For Officers of the Merchant Navy. By
WILLIAM ALLINGHAM, First Class Honours, Navigation, Science and Art Department
With Illustrations and Maps, and facsimile reproduction of log page. 7s. 6d.
"
Quite the BEST PUBLICATION on this subject." Shipping Gazette.

Latitude and Longitude : How to find them. By W. J. MILLAR,
C.E. SECOND EDITION, Revised. 2s.
" Cannot but prove an acquisition to those studying Navigation." Marine Engineer

Practical Mechanics : Applied to the requirements of the Sailor.

By THOS. MACKENZIE, Master Mariner, F.R.A.S. THIRD EDITION, Revised. 3s. 6d.
" WELL WORTH the money . . . EXCEEDINGLY HELPFUL."Shipping World.

Trigonometry : For the Young Sailor, &c. By RICH. C. BUCK, of th&
Thames Nautical Training College, H.M^S. " Worcester." THIRD EDITION, Revised.
Price 3s. 6d.
"This EMINENTLY PRACTICAL and reliable volume." Schoolmaster.

Practical Algebra. By RICH. C. BUCK. Companion Volume to the
above, for Sailors and others. SECOND EDITION, Revised. Price 3s. 6d.
" It is JUST THE BOOK for the young sailor mindful of progress." Nautical Magazine.

The Legal Duties of Shipmasters. By BENEDICT WM. GINSBURG,
M.A., LL.D., of the Inner Temple and Northern Circuit: Barrister-at-Law. SECOND
EDITION, Thoroughly Revised and Enlarged. Price 4s. 6d.
" INVALUABLE to masters. . . . We can fully recommend it 'Shipping Gazette

A Medical and Surgical Help for Shipmasters. Including First
Aid at Sea. By WM. JOHNSON SMITH, F.R.C.S., Principal Medical Officer, Seamen's-
Hospital, Greenwich. THIRD EDITION, Thoroughly Revised. 6s.

"SOUND, JUDICIOUS, REALLY HELPFUL." The Lancet.

LONDON: CHARLES GRIFFIN & CO,, LIMITED, EXETER STREET, STRAND.
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GRIFFIN'S NAUTICAL SERIES.
THIED EDITION, REVISED. With Numerous Illustrations. Price 3s. 6d.

PRACTICAL MECHANICS:
Applied to the Requirements of the Sailor.

BY THOS. MACKENZIE, Master Mariner, F.R.A.S.

GENERAL CONTENTS. Resolution and Composition of Forces Work done
by Machines and Living Agents The Mechanical Powers : The Lever

;

Derricks as Bent Levers The Wheel and Axle : Windlass ; Ship's Capstan ;

Crab Winch Tackles : the "Old Man" The Inclined Plane; the Screw
The Centre of Gravity of a Ship and Cargo Relative -Strength of Rope :

Steel Wire, Manilla, Hemp, Coir Derricks and Shears Calculation of the

Cross-breaking Strain of Fir Spar Centre of Effort of Sails Hydrostatics :

the Diving-bell ; Stability of Floating Bodies ; the Ship's Pump, &c.
" WELL WORTH the money . . . will be found EXCEEDINGLY HELPFUL."

skipping World.
" No SHIPS' OFFICERS' BOOKCASE will henceforth be complete without

CAPTAIN MACKENZIE'S ' PRACTICAL MECHANICS.' Notwithstanding my many
years' experience at sea, it has told me how much more there is to acquire."
(Letter to the Publishers from a Master Mariner).

WORKS BY RICHARD C. BUCK,
of the Thames Nautical Training (Jollege, H.M.S. 'Worcester.'

A MANUAL OF TRIGONOMETRY:
With Diagrams, Examples, and Exercises. Price Ss. 6d.

THIRD EDITION, Revised and Corrected.

%* Mr. Buck's Text-Book has been SPECIALLY PREPARED with a view
to the Examinations of the Board of Trade, in which Trigonometry
is n obligatory subject.

"This EMINENTLY PRACTICAL and RELIABLE VOLUME." Schoolmaster,

A MANUAL OF ALGEBRA.
Designed to meet the Requirements of Sailors and others.

SECOND EDITION, Revised. Price 3s. 6d.

%* These elementary works on ALGEBRA and TRIGONOMETRY are written specially for

those who will have little opportunity of consulting a Teacher. They are books for "SELF
HELP." All but the simplest explanations have, therefore, been avoided, and ANSWERS te

the Exercises are given. Any person may readily, by careful study, become master of their

contents, and thus lay the foundation for a further mathematical course, if desired. It it

boped that to the younger Officers of our Mercantile Marine they will be found decidedly
serviceable. The Examples and Exercises are taken from the Examination Papers set for

the Cadets of the "Worcester.''
"Clearly arranged, and well got up. ... A tirst-rate Elementary Algebra."

Nautical Magazine.

SECOND EDITION, Revised. With Diagrams. Price 2s.

LATITUDE AND LONGITUDE : How to Find them.
BY W. J. MILLAR, C.E.,

Late Secretary to the Inst. of Engineers and Shipbuilders in Scotland.

" CONCISELY and CLEARLY WRITTEN . . . cannot but prove an acquisition
to those studying Navigation." Marine Engineer."

Young Seamen will find it HANDY and USEFUL, SIMPLE and CLEAR." The
Engineer.

VFor complete List of GRIFFIN'S NAUTICAL SERIES, see p. 39.
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GRIFFIN'S NAUTICAL SERIES.
SECOND EDITION, Revised and Extended In Crown 8vo. Price 4s. 6d.

THE LEGAL DUTIES OF SHIPMASTERS.
By BENEDICT WM. GINSBURG, M.A., LL.D. (OANTAB.V

Of the Inner Temple and Northern Circuit ; Barrister-at-Law.

General Contents. The Qualification for the Position of Shipmaster The Con-
tract with the Shipowner The Master's Duty in respect of the Crew : Engagement ;

Apprentices ; Discipline ; Provisions, Accommodation, and Medical Comforts ; Payment
of Wages and Discharge The Master's Duty in respect of the Passengers The Master's
Financial Responsibilities The Master's Duty in respect of the Cargo The Master'*

Duty in Case of Casualty The Master's Duty to certain Public Authorities The
Master's Duty in relation to Pilots, Signals, Flags, and Light Dues The Master's Duty
upon Arrival at the Port of Discharge Appendices relative to certain Legal Matters :

Board of Trade Certificates, Dietary Scales, Stowage of Grain Cargoes, Load Line Regula-

tions, Life-saving Appliances, Carriage of Cattle at Sea, <fec., &c. Copious Index.

"No intelligent Master should fail to add this to his list of necessary books. A few i no-
of it may SAVE A LAWYER'S FEE, BESIDES ENDLESS WORKT." Liverpool Journal of Commerce.

FIRST AID AT SEA.
THIRD EDITION, Revised. With Coloured Plates and Numerous Illustra-

tions, and comprising the latest Regulations Respecting the Carriage
of Medical Stores on Board Ship. Price 6s.

A MEDICAL AND SURGICAL HELP
FOR SHIPMASTERS AND OFFICERS

IN THE MERCHANT NAVY.
BY WM. JOHNSON SMITH, F.R.O.S.,

Principal Medical Officer, Seamen's Hospital, Greenwich.

%* The attention of all interested in our Merchant Navy is requested to this exceedingly
useful and valuable work. It is needless to say that it is the outcome of many y*rs
PRACTICAL EXPERIENCE amongst Seamen.
"
SOUND, JUDICIOUS, REALLY HELPFUL." The Lancet.

NINTH EDITION. Revised, with Chapters on Trim, Buoyancy, and Calcula-

tions. Numerous Illustrations. Handsome Cloth, Crown 8vo. Price 7s. 6d.

KNOW YOUR OWN SHIP,
BY THOMAS WALTON, NAVAL ARCHITECT.

Specially arranged to suit the requirements of Ships' Officers, Shipowners,

Superintendents, Draughtsmen, Engineers, and Others.

This work explains, in a simple manner, such important subjects as: Displacement-
Deadweight. Tonnage. Freeboard. Moments. Buoyancy. Strain. Structure. Stab-

ility. Boiling. Ballasting. Loading. Shifting Cargoes. Admission of Water. Sail

Area. &c.
" The little book will be found EXCEEDINGLY HANDY by most officers and officials connected

with shipping. ... Mr. Walton's work will obtain LASTING SUCCESS, because of its unique
fitness for those for whom it has been written." Shipping World.

BY THE SAME AUTHOR.
STEEL SHIPS: Their Construction and Maintenance,

(See page 38.)
** For Complete List of GRIFFIN'S NAUTICAL SERIES, see p. 39.
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SIXTEENTH EDITION, Thoroughly Revised. Large 8vo, Cloth.

pp. i-xxiv + 712. With 250 Illustrations, reduced from
Working Drawings, and 8 Plates. 21s. net.

A MANUAL OF
MARINE ENGINEERING:
COMPRISING THE DESIGNING, CONSTRUCTION, AND

WORKING OF MARINE MACHINERY.

By A.E. SEATON, M.I.C.E., M.I.Meeh.E., M.I.N.A.
GENERAL CONTENTS. PART I. Principles of Marine Propulsion.

PART II. Principles of Steam Engineering. PART III. Details of

Marine Engines : Design and Calculations for Cylinders, Pistons, Valves,
Expansion Valves, &c. PART IV. Propellers. PART V. Boilers.

PART VI. Miscellaneous.
"The Student, Draughtsman, and Engineer will find thig work the MOST VALUA.BLF

HANDBOOK of Reference on the Marine Engine now in existence." Marine Engineer.

NINTH EDITION, Thoroughly Revised. Pocket-Size, Leather. 8s. 6d.

A POCKET-BOOK OF

MARINE ENGINEERING RULES AND TABLES,
FOR THE USE Otf

Marine Engineers, Naval Architects, Designers, Draughtsmen,
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And other Competing Instruments for Marine Propulsion.

BY A. E. SEATON, M.lNST.C.E., M.LMECH.E., M.I.N.A.
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DEFINITIONS IN NAVIGATION AND NAUTICAL ASTRONOMY.
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Head of the Navigation Department, L.C.C. School, Poplar.
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With Applications to Technical Problems;

AND
CLASSIFIED REFERENCE LIST OF INTEGRALS.

BY PROF. ROBERT H. SMITH, A.M.lNST.C.E., M.I.MECH.E., &c.
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ELECTRICAL ENGINEERING.
SECOND EDITION, Re-vised. In Large Svo. Handsome Cloth. Projusely

Illustrated with Plates, Diagrams, and Figures. 245. net.

CENTRAL ELECTRICAL STATIONS:
Their Design, Organisation, and Management.

BY CHAS. H. WORDINGHAM, A.K.C., M.lNST.C.E., M.INST.MECH.E.,
Late Memb. of Council InstE.E., and Electrical Engineer to the City of Manchester ;

Electrical Engineer-in-Chief to the Admiralty.
"One of the MOST VALUABLE CONTRIBUTIONS to Central Station literature we have had

for some time." Electricity.

In Large Svo. Handsome Cloth. Profusely Illustrated. I2s. 6d. net.

ELECTRICITY CONTROL.
A Treatise on Eleetrie Switehgear and Systems of Electric Transmission.

BY LEONARD ANDREWS,
Associate Member of the Institution of Civil Engineers, Member of the Institution of

Electrical Engineers, &c
General Principles of Switchgear Design. Constructional Details Circuit Breakers or

Arc Interrupting Devices. Automatically Operated Circuit- Breakers. Alternating Reverse
Current Devices. Arrangement of 'Bus Bars, and Apparatus lor Parallel Running.
General Arrangement of Controlling Apparatus for High Tension Systems. General

Arrangement of Controlling Apparatus for Low Tension Systems. Examples of Complete
Installations. Long Distance Transmission Schemes.

"Not often does the specialist have presented to him so satisfactory a book as this. . . .

We recommend it without hesitation to Central Station Engineers, and, in fact, to anyone
interested in the subject." Power.

Large Svo, Cloth, with 334 Pages and 307 Illustrations. 16s. net.

ELECTRICITY METERS,
BY HENRY G. SOLOMON, A.M.Inst.E.E.

CONTENTS. Introductory. General Principles of Continuous - Current
Meters. Continuous-Current Quantity Meters. Continuous-Energy Motor
Meters. Different Types Special Purposes, i.e., Battery Meters, Switchboard
Meters, Tramcar Meters. General Principles of Single- and Polyphase Induc-
tion Meters. Single -phase Induction Meters. Polyphase Meters. Tariff

Systems. Prepayment Meters. Tariff and Hour Meters. Some Mechanical
Features in Meter Design. Testing Meters. INDEX.

" An earnest and successful attempt to deal comprehensively with modern methods of

measuring current or power in electrical installations." Engineering.

In Large Svo. Handsome Cloth. Fully Illustrated.TRANSFORMERS.
BY HERMANN BOHLE, M.I.E.E.,

Prof, of Electrotechnies, S.A. College, Cape Town,
AND PROFESSOR DAVID ROBERTSON, B.Sc., A.I.E.E., or BRISTOL.

CONTENTS. General Principles. Magnetising and No-Load Currents. Losses in
Transformers. Iron Losses. Copper Losses. -Temperature Rise. Magnetic Leakage,
Leakage Inductance. Vector Diagrams for Transformers. Systematic Testing of Trans-
formers. Insulating Materials. Examples of Construction. Design of Transformers.
Applications of Transformers. Regulating and Phase-Changing Transformers. INDEX.
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In Large Crown 8vo. Handsome Cloth. Fully Illustrated. 5s. net.

TELEGRAPHIC SYSTE MS,
AND OTHER NOTES.

A Handbook of the Principles on which Telegraphic Practice is Based.

BY ARTHUR CROTCH, of the Engineer-in-Chiefs Department, G.P.O.

CONTENTS. Batteries, Primary and Secondary. Universal Battery Working.
Duplex Telegraphy. Duplex and Quadruplex Telegraphy. Automatic Telegraphy.
Multiplex Telegraphy. The Hughes Type Printing Instrument. The Baudot System.
The Murray Type Printing Telegraph. Test and Battery Boxes. Circuit Concentration,
&c. Repeaters. Submarine Telegraphy. Wireless Telegraphy. INDEX. LIST OP
DIAGRAMS OP CONNECTIONS.

" This book is a particularly good one . . . we can thoroughly recommend it . . .

a handy book of ready reference." Electrical Review.

In Large 8vo. Profusely Illustrated. 8s. 6d. net.

WIRELESS TELEGRAPHY.
BY GUSTAVE EICHHORN, PH.D.

CONTENTS. Oscillations. Closed and Open Oscillation Systems. Coupled
Systems. The Coupling Compensating the Aerial Wire. The Receiver.

Comparative Measurement in the Sender. Theoretical Results and Calculations
in respect of Sender and Receiver. Close- and Loose-Coupled Sender and
Receiver. Formulae. The Ondameter. Modern Apparatus and Methods of

Working. Conclusion. Bibliography. INDEX.
"Well written . . . and combines with a good deal of description a careful

investigation of the fundamental theoretical phenomena." Nature.

NINETEENTH EDITION. Leather, Pocket Size, with 810 pages. 8s. 6d.

A POCKET-BOOK OF
ELECTRICAL RULES & TABLES

FOR THE USE OF ELECTRICIANS AND ENGINEERS.
BY fOHN MUNRO, C.E., & PROF. JAMIESON, M.lNST.C.E., F.R.S.B.

" WONDERFULLY PERFECT. . . . Worthy of the highest commendation we can

five it." Electrician.

GRIFFIN'S ELECTRICAL PRICE-BOOK : For Electrical, Civil,

Marine, and Borough Engineers, Local Authorities, Architects, Railway
Contractors, &c. Edited by H. J. DOWSING. SECOND EDITION. 8s. 6d.

ELECTRIC SMELTING AND REFINING. By Dr. W. BOUCHERS
and W. G. MCMILLAN. [See p. 67.

ELECTRO - METALLURGY, A Treatise on. By WALTER G.

MCMILLAN, F.I.C., F.C.S., and W. R. COOPER. [See p. 67.

ELECTRICAL PRACTICE IN COLLIERIES. By D. BURNS, M.E.,
M.Inst.M.E. [See p. 57.

ELECTRICAL SIGNALLING IN MINES. By GERALD J. HOOG-
WINKEL, M.I.E.E., &c. [In Active Preparation.
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In Four Volumes. Crown 8uo. Fully Illustrated. Sold Separately.

AN ELEMENTARY TEXT-BOOK OF PHYSICS.
BY R. WALLACE STEWART, D.Sc. (Loiro.)

JUST PUBLISHED. Cloth. With 142 Illustrations. 3s. 6d. net.LIGHT.
CONTENTS. Introductory. Rectilinear Propagation of Light.

Photometry. Reflection at Plane Surfaces. Reflection at Spherical
Surfaces. Refraction. Refraction through Lenses. Dispersion. INDEX.

Vol. II. With 141 Pages and 48 Illustrations. 2s. 6d. net.SOUND.
CONTENTS. Simple Harmonic Vibration. Production of Sound.

Wave Motion. Propagation of Sound. Characteristics of Sound. Re-
flection and Refraction of Sound. Velocity of Sound in Air and Water.
Transverse Vibration of Strings. Longitudinal Vibration of Rods and
Columns of Air. INDEX.

Other Volumes in Preparation, and which will be Published Shortly,

HEAT. MATTER.
In Large 8vo. With Bibliography, Illustrations in the Text, and

Seven Plates. 12s. 6d.

THE MEAN DENSITY OF THE EARTH.
An Essay to which the Adams Prize was Adjudged in 1893

in the University of Cambridge.
BY J. H. POYNTING, Sc.D., F.R.S.

"Cannot fail to be of great and general interest." Athenaeum.

JUST PUBLISHED. In Crown Svo, Cloth. Illustrated with

Diagrams. 3s. net.

THE FORCE OF THE WIND.
BY HERBERT CHATLEY, B.Sc. ENG. (LoND.),

Professor of Civil Engineering, Tong Shan Engineering College, N. China.

CONTENTS. Practical Importance of Wind Pressure. Impulsive
Force of the Wind. Variations in Velocity. Stream Line Theory. Stress
in Structures due to Wind. Windmills. Train and Motor Resistance.
Effect of Wind on Water. Scouring Effect of Wind. INDEX.

In Crown Svo. Handsome Cloth. With 22 Diagrams.

STRESSES IN MASONRY,
BY HERBERT CHATLEY, B.Sc. ENG. (LOND.).

CONTENTS. Strength of Stone. Walls. Columns and Piers.

Brackets and Cantilevers. Simple Arches. Vaults and Skew Arches,
Domes. Retaining Walls and Domes. Artificial Stone. Re-inforced
Concrete. INDEX.
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In Five Volumes. Large 8vo. Sold Separately.

A TEXT-BOOK OF PHYSICS.
By J. H. POYNTING, Sc.D., F.R.S.,

Professor of Physics, Birmingham University,

And Sir J. J. THOMSON, M.A., F.B.S.,
Professor of Experimental Physics in the University of Cambridge.

INTRODUCTORY VOLUME. FIFTH EDITION, Eevised. Fully Illustrated,

10s. 6d.

!ROJPI3RTIES OF MATTER.
CONTENTS. Gravitation. The Acceleration of Gravity. Elasticity. Stresses ana

Strains. Torsion. Bending of Hods. Spiral Springs. Collision. Compressibility of

Liquids. Pressures and Volumes of Gases. Thermal Effects Accompanying Strain.

Capillarity. Surface Tension. Laplace's Theory of Capillarity. Diffusion of Liquids
Diffusion of Gases. Viscosity of Liquids. INDEX.

merely to teachers but to physicists of every"We regard this book as quite indispensable not i

grade above the lowest." University Correspondent.

VOLUME II. FIFTH EDITION. Fully Illustrated. Price 8s. 6d.

s o u NT r>.
CONTENTS. The Nature of Sound and its chief Characteristics. The Velocity of Sound

ID Air and other Media. Reflection and Refraction of Sound. Frequency and Pitch of

Notes. Resonance and Forced Oscillations. Analysis of Vibrations. The Transverse
Vibrations of Stretched Strings or Wires. Pipes and other Air Cavities. Bods. Plates.
Membranes.- Vibrations maintained by Heat. Sensitive Flames and Jets. Musical

Sand. The Superposition of Waves. INDEX.

" The work . . . may be recommended to anyone desirous of possessing an EASY
DP-TO-DATB STANDARD TREATISE on Acoustics." Literature.

VOLUME III. THIRD EDITION, Revised. Fully Illustrated. Price 15s.

CONTENTS. Temperature. Expansion of Solids. Liquids. Gases. Circulation
and Convection. Quantity of Heat; Specific Heat. Conductivity. Forms of Energy;
Conservation; Mechanical Equivalent of Heat. The Kinetic Theory. Change of State;
Liqaid, Vapour. Critical Points. Solids and Liquids. Atmospheric Conditions.
Radiation. Theory of Exchanges. Radiation and Temperature. Thermodynamics.
Isothermal and Adiabatic Changes. Thermodynamics of Changes of State, and Solu-
tions. Thermodynamics of Radiation. INDEX.

"Well up-to-date, and extremely clear and exact throughout. ... As clear as
it would be possible to make such a text-book "Nature.

Remaining Volumes in Preparation

LIGHT; MAGNETISM AND ELECTRICITY.

LONDON: CHARLES GRIFFIN & CO., LIMITED, EXETER STREET, STRAND.



50 CHARLES GRIFFIN <k GO.'S PUBLICATIONS.

GRIFFIN'S LOCAL GOVERNMENT HANDBOOKS.
WORKS SUITABLE FOR MUNICIPAL AND COUNTY ENGINEERS,

ANALYSTS, AND OTHERS.
See also Davies' Hygiene, p. 99, and MacLeod's Calculations, p. 110 General Catalogue.

Gas Manufacture (The Chemistry of). A Handbook on the Pro-

duction, Purification, and Testing of Illuminating Gas, and the Assay of Bye-Pro-
ducts. By W.J. A. BUTTERFIELD, M.A., F.I.C., F.C.S. With Illustrations. FOURTH
EDITION, Revised. Vol. I., 7s. 6d. net. Vol. II., in preparation. [See page 77.

Water Supply : A Practical Treatise on the Selection of Sources and the
Distribution of Water. By REGINALD E. MIDDLETON, M.Inst.C.E., M.Inst.Mech.E.,
F.S.I. With Numerous Plates and Diagrams. Crown 8vo. 8s. 6d. net. [See page 77.

Central Electrical Stations : Their Design, Organisation, and Manage-
ment. ByC. H. WORDINGHAM,A.K.C.,M.I.C.E. SECOND EDITION. 24s.net. [Seep. 46

Electricity Control. By LEONARD ANDREWS, A. M.Inst.C.E., M.I.E.E.
12s. 6d. net. [See page 46.

Electricity Meters. By HENRY G. SOLOMON, A.M.Inst.E.E. 16s.

net. [See page 46

Trades' Waste : Its Treatment and Utilisation, with Special Reference
to the Prevention of Rivers' Pollution. By W. NAYLOR, F.C.S., A.M.Inst.C.E.
With Numerous Plates, Diagrams, and Illustrations. 21s. net. [See page 76.

Calcareous Cements : Their Nature, Preparation, and Uses. With
some Remarks upon Cement Testing. By GILBERT REDGRAVE, Assoc.Inst.C.E.,
and CHAS. SPACEMAN, F.C.S. SECOND EDITION. With Illustrations, Analytical

Data, and Appendices on Costs, &c. 15s. net. [See page 76.

Road Making and Maintenance : A Practical Treatise for Engineers,
Surveyors, and others. With an Historical Sketch of Ancient and Modern Practice.

By THOMAS AITKEN, Assoc.M.Inst.C.E., &c. SECOND EDITION, Revised and En-

larged. 21s. net. [See page 79.

The Principles of Sewage Treatment. By Prof. DUNBAR, of Ham-
burg. Translated by H. T. CALVERT, M.Sc., Ph.D., F.I.C. 15s.net. [See page 76.

Light Railways at Home and Abroad. By WILLIAM HENRY COLE,
M.Inst.C.E., late Deputy Manager, North-Western Railway, India. Large 8vo,
Handsome Cloth, Plates and illustrations. 16s. [See page 30.

Practical Sanitation : A Handbook for Sanitary Inspectors and others
interested in Sanitation. By GEO. REID, M.D., D.P.H., Medical Officer, Staffordshire

County Council. With Appendix (re-written) on Sanitary Law, by Herbert Manley,
M.A., M.B., D.P.H., Barrister-at-Law. THIRTEENTH EDITION, Thoroughly Revised.
6s. [See page 78.

Sanitary Engineering : A Practical Manual of Town Drainage and
Sewage and Refuse Disposal. By FRANCIS WOOD, A.M.Inst.C.E., F.G.S. SECOND
EDITION, Revised. Fully Illustrated. 8s. 6d. net. [See page 78.

Dairy Chemistry: A Practical Handbook for Dairy Managers, Chemists,
and Analysts. By H. DROOP RICHMOND, F.I.C., Chemist to the Aylesbury Dairy
Company. SECOND EDITION, Revised. With Tables, Illustrations, &c. Handsome
Cloth. [See page 73.

Dairy Analysis: The Laboratory Book of. By H. DROOP RICHMOND,
F.I.C. Fully Illustrated, Cloth. 2s. 6d. net. [See page 73.

Milk: Its Production and Uses. With Chapters on Dairy Farming,
The Diseases of Cattle, and on the Hygiene and Control of Supplies. By EDWARD F.

WILLOUGHBY, M.D. (Lond.), D.P.H. (Lond. and Camb.), 6s. net. [See page 73.

Flesh Foods : With Methods for their Chemical, Microscopical, and
Bacteriological Examination. A Handbook for Medical Men, Inspectors, Analysts,
and others. By C. AINSWORTH MITCHELL, B.A., F.I.C., Mem. Council Soc. of Public

Analysts. With numerous Illustrations and a coloured Plate. 10s. 6d. [See page 72.

Foods: Their Composition and Analysis. By A. WYNTER BLYTH,
M.R.C.S., F.C.S., Public Analyst for the County of Devon, and M. W .BLYTH,
B.A., B.SC. With Tables, Folding Plate, and Frontispiece. FIFTH EDITION,
Thoroughly Revised. 21s. [See page 72.
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Demy 8vo, Handsome cloth, 34$-

Stratigraphical Geology & Palaeontology,
ON THE BASIS OF PHILLIPS.

BY ROBERT ETHERIDGE, F. R. S.,
OF THH NATURAL HIST. DEPARTMENT, BRITISH MUSEUM, LATE PALEONTOLOGIST TO THH

GEOLOGICAL SURVEY OF GREAT BRITAIN, PAST PRESIDENT OF THE
GEOLOGICAL SOCIETY, ETC.

TWUtb dfcap, numerous Gables, an& abirt^sii plates.
" No such compendium of geological knowledge has ever been brought together before."

Westminster Review.
"

If PROF. SHELBY'S volume was remarkable for its originality and the breadth of its views
Mr. ETHKRIUGE fully justifies the assertion made in his preface that his book differs in coi>

-jtruction and detail from any known manual. . . . Must take HIGH RANK AMONG WORKS.
OK RKFERKNCB." AtketKKUm.

AIDS IN
PRACTICAL GEOLOGY!

WITH A SECTION ON PALMONTOLOGY.
BY PROFESSOR GRENVILLE COLE, M.R.I.A., F.G.S.

FIFTH EDITION, Thoroughly Revised. With Frontispiece and
Illustrations. Cloth. IDS. 6d.

QENERAL CONTENTS.
PART I. SAMPLING OF THE EARTH'S CRUST,
PART II. EXAMINATION OF MINERALS.
PART III. EXAMINATION OF ROCKS.
PART IV. EXAMINATION OF FOSSILS.

"DESERVING OF THE HIGHEST PRAISE. Here indeed are 'Aids' INNUMERABLE and
INVALUABLE. All the directions are given with the utmost clear aess and precision."
A thenceum.

"That the work deserves its title, that it is full of
'

AIDS,'and in the highest degre
PRACTICAL,' will be the verdict of all who use it." Nature.

STUJOIES M* GEOH.OGY:
An Introduction to Geology Out-of-doors.

BY PROFESSOR GRENVILLE COLE, M.R.I.A., F.G.S.
For details, see Griffin's Introductory Science Series, p 85.

Crown $vo. Handsome Cloth. 2s. 6d.

RESEARCHES ON THE PAST AND PRESENT HISTORY
OF

THE EARTH'S ATMOSPHERE.
Including the latest Discoveries and their Practical Applications.

BY DR. THOMAS LAMB PHIPSON.
PART I. The Earth's Atmosphere in Remote Geological Periods.
PART II. The Atmosphere of our present period. Appendices; Index.

"The book should prove of interest to general readers, as well as to meteorologists ai.d
other students of science." Nature.
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GRIITIN'S "NEW LAND" SERIES.

Practical Hand-Books for the, Use of Prospectors, Explorers,
Settlers, Colonists, and all Interested in the opening

up and Development of New Lands.

EDITED BY GRENVILLE A. J. COLE, M.R.I.A., F.G.S.,
Professor of Geology in the Royal College of Science for Ireland, and Examiner in

the University of London.

In Crown 8vo. Handsome Cloth. 5s.

With Numerous Maps Specially Drawn and Executed for this Work.

NEW LANDS:
THEIR RESOURCES AND PROSPECTIVE

ADVANTAGES.
BY HUGH ROBERT MILL, D.Sc., LL.D., F.R.S.E.,

'A want admirably supplied. . . . Has the advantage of being written by a pro-
essod Geographer." Geographical Journal,

With many Engravings and Photographs. Handsome Cloth, 4s. 6d.FOOD SUPPLY.
BY ROBERT BRUOE,

Agricultural Superintendent to the Royal Dublin Society.

With Appendix on Preserved Foods by C. A. MITCHELL, B.A., F.I.C.

" The work is one which will appeal to those intending to become farmers at home
or in the Colonies, and who desire to obtain a general idea of the true principles of

-farming in ALL ITS BRANCHES." Journal of the Royal Colonial Inst.

FIFTH EDITION. With Illustrations. Handsome Cloth, 5s.

PROSPECTING FOR MINERALS.
A Practical Handbook for Prospectors, Explorers, Settlers, and all

interested in the Opening up and Deuelooment of New Lands.

BY S. HERBERT COX, Assoc.R.S.M., M.Inst.M.M., F.G.S.,
Professor of Mining at the Eoyal School of Mines.

GENERAL CONTENTS. Introduction and Hints on Geology The Determina
tion of Minerals : Use of the Blow-pipe, &c. Rock-forming Minerals and Nou-
Metallic Minerals of Commercial Value : Rock Salt, Borax, Marbles, Litho-

gjraphic Stone, Quartz and Opal, &c. , &c. Precious Stones and Gems Stratified

Deposits: Coal and Ores Mineral Veins and Lodes Irregular Deposits-
Dynamics of Lodes : Faults, &c. Alluvial Deposits Noble Metals : Gold.
Platinum, Silver, &c. Lead Mercury Copper Tin Zinc Iron Nickel.
<ic. Sulphur, Antimony, Arsenic, &c. Combustible Minerals Petroleum
General Hints on Prospecting Glossary Index.

"I his ADMIRABLE LITTLE WORK . . . written with SCIENTIFIC ACCURACY In
CLEAR and LUCID style. ... An IMPORTANT ADDITION to technical literature . . .

Mining Journal.
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SIR CLEMENT LE NEVE FOSTER, D.Se., F.R.S.

SIXTH EDITION. With Frontispiece and 716 Illustrations, Price 34s.

ORE & STONE MINING,
BY SIR C. LE NEVE FOSTER, D.Sc., F.R.S.,

LATE PROFESSOR OK MINING. ROYAL COLLEGE OF SCIENCE.

REVISED, AND BROUGHT UP-TO-DATE

BY BENNETT H. BROUGH, F.G.S., Assoc.R.S.M.

GENERAL CONTENTS.
INTRODUCTION. Mode of Occurrence of Minerals. Prospecting. Boring,
{peaking Ground. Supporting Excavations. Exploitation. Haulage or

Transport. Hoisting or Winding. Drainage . Ventilation. Lighting.
Descent and Ascent. Dressing Principles of Employment of Mining Labour.

Legislation affecting Mines and Quarries. Condition of the Miner.
Accidents. Index
"We have seldom had the pleasure to review a work so thorough and complete as

the present one. Both in manner and in matter it is PAR SUPERIOR TO ANYTHING ON
ITS SPECIAL SUBJECT HITHERTO PUBLISHED IN ENGLAND." Athenaeum.

" Not only is this work the acknowledged text-book on metal mining in Great Britain
and the Colonies, but that it is so regarded in the United States of America is evidenced

by the fact that it is the book on that subject recommended to the students in most of

the mining schools of that country." The Times.

In Crown 8vo. Handsome Cloth. With nearly 300 Illustrations, many of

them being full page reproductions of views of great interest. Price 7s. 6d. net.

THE ELEMENTS OF MINING AND QUARRYING.
An Introductory Text-Booh for Mining Students.

BY SIR C. LE NEVE FOSTER, D.Sc., F.R.S.,
Late Professor of Mining at the Royal College of Science.

G-ENERAL CONTENTS. INTRODUCTION. Occurrence of Minerals. Pro-

specting. Boring. Breaking Ground. Supporting Excavations. Exploita-
tion Haulage or Transport. Hoisting or Winding. Drainage. Ventilation.

-Lighting. Descent and Ascent. Dressing, &c. INDEX.
" A remarkably clear survey of the whole field of mining operations." Engineer."
Rarely does it fall to the lot of a reviewer to have to accord such unqualified praise as

this book deserves. . . . The profession generally have every reason to be grateful to
Sir C. Le Neve Foster for having enriched educational literature with so admirable an
elementary Text-book." Mining Journal.

In Large Crown 8vo. Fully Illustrated. 6s. net.

THE INVESTIGATION OF MINE AIR:
An Account by Several Authors of the Nature, Significance, and Practical

Methods of Measurement of the Impurities met with in the
Air of Collieries and Metalliferous Mines.

EDITED BY
SIR CLEMENT LE NEVE FOSTER, D.Sc., F.R.S.,

AND J. S. HALDANE, M.D., F.R.S.

We know of nothing essential that has been omitted. The book is liberally supplied
with illustrations of apparatus." Colliery Guardian.
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WORKS ON COAL-IY1IN1NG.

FIFTH EDITION, Revised and Greatly Enlarged. With 4 Plates and
690 Illustrations. Price 24s. net.

A TEXT-BOOK OF COAL-MINING:
FOR THE USE OF COLLIERY MANAGERS AND OTHERS

ENGAGED IN COAL-MINING.

BY HERBERT WILLIAM HUGHES, F.G.S.,
Assoc. Royal School of Mines, General Manager of Sandwell Park Colliery.

GENERAL CONTENTS. Geology. Search for Coal. Breaking Ground.
Sinking. Preliminary Operations. Methods of Working. Haulage.
Winding. Pumping. Ventilation. Lighting. Works at Surface. Pre-
paration of Coal for Market. INDEX.

"Quite THE BEST BOOK of its kind . . . as PRACTICAL in aim as a book can be . . . Tke
illustrations are EXCELLENT." Athenceum.
"We cordially recommend the work." Colliery Guardian.
"
Will soon come to be regarded as the STANDARD WORK of its kind." Birmingham Daily Gazette.

FODKTH EDITION, Thoroughly Revised and Greatly Enlarged. Re-set

throughout. Large Crown 8vo. Handsome Cloth. 12s. 6d.

PRACTICAL COAL-MINING:
A. MANUAL FOK MANAGERS, UNDER-MANAGERS,

COLLIERY ENGINEERS, AND OTHERS.
With Worked-out Problems on Haulage, Pumping, Ventilation, dec.

BY GEORGE L. KERR, M.E., M.lNST.M.E.

CONTENTS. The Sources and Nature of Coal. The Search for Coal.

Sinking. Explosives. Mechanical Wedges. Rock Drills and Coal-cutting
Machines. Coal-cutting by Machinery. Transmission of Power. Modes of

Working. Timbering Roadways. \V inding Coal. Haulage. Pumping.
Ventilation. Safety Lamps. Surface Arrangements, Surveying, Levelling,
&c.

"An ESSENTIALLY PRACTICAL WORK, and can be confidently recommended. No department
of Coal-Mining has been overlooked." Engineers' Gazette.

SECOND EDITION, Revised. In Crown 8vo. Handsome Cloth.
With 200 Illustrations. 3s. 6d.

ELEMENTARY COAL-MINING:
FOR THE USE OF STUDENTS, MINERS, AND OTHERS

PREPARING FOR EXAMINATIONS.

BY GEORGE L. KERR, M.E., M.IxsT.M.E.

CONTENTS. Sources and Nature of Coal. Exploration and Boring for
Coal. Breaking Ground. Explosives, Blasting, &c. Sinking and Fitting
of Shafts. Modes of Working. Timbering Roadways. Winding and
Drawing. Haulage. Pumping and Drainage. Ventilation. Cleaning and
Sorting Coal. Surveying, &c.
" An abundance of information conveyed in a popular and attractive form. . . . Will be

of great use to all who are in any way interested in coal mining." Scottish Critic.
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THIRTEENTH EDITION, Revised. With Numerous Diagrams.
Cloth, ys. 6d.

A TREATISE ON MINE-SURVEYING:
For the use of Managers of Mines and Collieries, Students

at the Royal School of Mines, &c.

BY BENNETT H. BROUGH, Assoc.R.S.M., F.G.S.,
Formerly Instructor of Mine-Surveying, Royal School of Mines.

CONTENTS. General Explanations. Measurement of Distances. Miners
Dial. Variation of the Magnetic Needle. Surveying with the Magnetic Needle
in the Presence of Iron. Surveying with the Fixed Needle. The German Dial.

The Theodolite. Traversing Underground. Surface Surveys with the Theodo-
lite. Plotting the Survey. Calculation of Areas. Levelling. Connection of the

Underground and Surface Surveys. Measuring Distances by Telescope. Setting-
out. Mine-Surveying Problems. Mine Plans. Application of the Magnetic
Needle in Mining. Photographic Surveys. APPENDICES. INDEX.

"Its CLEARNESS of STYLE, LUCIDITY of DESCRIPTWN, and FULNESS of DETAIL have long ago won
for it a place unique in the literature of this branch of mining engineering, and the present edition <ully
maintains the high standard of its predecessors. To the student, and to the mining engineer alike. ITS
VALUE is inestimable. The illustrations are excellent." The Mining yournal.

In Crown 8vo. Handsome Cloth. Fully Illustrated. 6s. net.

A HANDBOOK ON

THEODOLITE SURVEYING AND LEVELLING.
For the use of Students in Land and Mine Surveying.

BY PROFESSOR JAMES PARK, F.G.S.

CONTENTS. The Scope and Object of Surveying. Land Surveying.
The Theodolite. Chains and Steel Bands. Obstacles to Alligiiment.
Meridian and Bearings. The Theodolite Traverse. Co-ordinates of a

Station. Calculation of Omitted or Connecting Line in a Traverse.
Calculation of Areas. Subdivision of Land. Triangulation. Determina-
tion of True Meridian, Latitude and Time. Levelling. Railway Curves.
Mine Surveying. Surveying Boreholes. INDEX.
"A book which should prove as useful to the professional surveyor as to the

stu-lent." Mature.

SECOND EDITION, Revised. Crown 8vo. Handsome Cloth. Illustrated. 6s.

MINING GEOLOGY,
A TEXT-BOOK FOR MINING STUDENTS AND MINERS.

BY PROF. JAMES PARK, F.G.S., M.Inst.M.M.,
Professor of Mining and Director of the Otago University School of Mines ; late Director

Thames School of Mines, and Geological Surveyor and Mining Geologist to the
Government or New Zealand

GENERAL CONTENTS. Introduction. -Classification of Mineral Deposits. Ore Veins,
their Filling, Age, and Structure. The Dynamics uf Lodes and Beds. -Ore Deposits
Genetically Considered Ores and Minerals Considered Economically. Mine Sampling
and Ore Valuation. The Examination and Valuation of Mines. INDEX.

"A work which should find a place in the library of every mining engineer."
Mining World.
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WORKS FOR MINERS AND STUDENTS.
THIRD EDITION. In Crown 8vo. Handsome Cloth. With 30 New

Illustrations.

ELECTRICAL PRACTICE IN COLLIERIES.
BY D. BURNS, M.E., M.INST.M.E.,

Lecturer on Mining and Geology to the Glasgow and West of Scotland Technical College.

Units of Measurement, Conductors, &c. The Theory of the Dynamo. The
Dynamo, Details of Construction and Working. Motors. Lighting Installa-
tions in Collieries. Pumping by Electricity. Electrical Haulage. Coal
Cutting. Miscellaneous Applications of Electricity in Mines. Coal Mines
Regulation Act (Electricity). INDEX.
"A clear and concise introduction to electrical practice in collieries." Mining

Journal.

In Crown 8vo, Handsome Cloth. 8s. 6d. net.

MINING LAW OF THE BRITISH EMPIRE.
BY CHARLES J. ALFORD, F.G.S., M.Inst.M.M.

CONTENTS. The Principles of Mining Law. The Mining Law of Great
Britain. British India. Ceylon. Burma. The Malay Peninsula British
North Borneo. Egypt. Cyprus. The Dominion of Canada. British
Guiana. The Gold Coast Colony and Ashanti. Cape of Good Hope.
Natal. Orange River Colony. Transvaal Colony. Rhodesia. The
Commonwealth of Australia. New Zealand, &c. INDEX.
" Cannot fail to be useful ... we cordially recommend the book." Mining World.

FOURTH EDITION. In Large Svo. Price 10s. Gd.

MINE ACCOUNTS AND MINING BOOK-KEEPING.
For Students, Managers, Secretaries, and others.

With Examples taken from Actual Practice of Leading Compankt.
BY JAMES GUNSON LAWN, A.R.S.M., A.M.Inst.C.E., F.G.S.,

Head of the Mining Department, Camborne School of Mines.

EDITED BY SIR C. LE NEVE FOSTER, D.Sc., F.R.S.
"It seems IMPOSSIBLE to suggest how Mr. LAWN'S book could be made more COMPLETE or

more VALUABLE, careful, and exhaustive." Accountants' Magazine.

SECOND EDITION. In Pocket Size, Strongly Bound in Leather, 3s. 6d.
Provided with Detachable Blank Pages for MS.

THE MINING ENGINEERS' REPORT BOOK
AND DIRECTORS' AND SHAREHOLDERS' GUIDE TO MINING REPORTS.

BY EDWIN R. FIELD, M.INST.M.M.
With Notes on the Valuation of Property, and Tabulating Reports,

Useful Tables, and Examples of Calculations, do.
"An ADMIRABLY compiled book which Mining Engineers and Managers will find

EXTREMELY USEFUL." Mining Journal.

In Crown Svo. Handsome Cloth. Illustrated. 10s. 6d. net.

A DICTIONARY OF
SPANISH AND SPANISH-AMERICAN MINING, METALLURGICAL

AND ALLIED TERMS.
To which some Portuguese and Portuguese-American (Brazilian) Terms are added.

BY EDWARD HALSE, A.R.S.M.,
Mem. Inst. Ming, and Metall., of the Eng. Inst. of Ming, and Metall. Engrs., &c., &c.

_" Will be found of the greatest service to the mining profession." Mining Journal.
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WORgS ON SINKING, EXPLOSIVES, 880.

In Medium 8vo, Handsome Cloth. With 18 Figures in the Text,
and 19 Folding Plates. 10s. 6d. net.

SHAFT-SINKING IN DIFFICULT CASES.
BY J. RIEMER,

TRANSLATED BY J. W. BROTJGH, A.M.INST.C.E.

CONTENTS. Shaft Sinking by Hand. Shaft Sinking by Boring. The
Freezing Method. The Sinking Drum Process. BIBLIOGRAPHY. INDEX.

"The translator deserves the thanks of the mining community for placing this

valuable work before them. . . . The work is one which every mining engineer
should include in his library." Mining World.

SECOND EDITION, Revised. In Large 8vo, with Numerous Illustrations

and Folding Plates. 10s. 6d.

BLASTING : AND THE USE OF EXPLOSIVES.
BY OSOAR GUTTMANN, M.INST.O.E., F.I.C., F.C.S.

CONTENTS. Historical Sketch. Blasting Materials. Qualities and

Handling of Explosives. The Choice of Blasting Materials. Preparation
of Blasts. Chamber Mines. Charging of Boreholes. Determination of

Charge. Blasting in Boreholes. Firing. Results of Working. Various

Blasting Operations. INDEX.
" Should prove a vade-mecum to Mining Engineers and all engaged in practical work."

-Iron and Coal Trades Review.

In Medium 8vo, Cloth. With many Illustrations in the Text.
Four Full Page Plates and Four Folding Tables. 6s. net.

NEW METHODS OT
TESTING EXPLOSIVES.

BY 0. E. BICHEL.
TRANSLATED AND EDITED BY ALEX. LARSEN, M.lNST.C.E.

CONTENTS. Introductory. Historical. Testing Stations. Power
Gauges. Products of Combustion. Rate of Detonation. Length and
Duration of Flame. After-Flame Ratio. Transmission of Explosion.
Conclusions. Efficiency.

"Its pages bristle with suggestions and actual experimental results to an extent
seldom found in a volume of five times its size." Arms and Explosives.

In Crown 8vo. Handsome Cloth. Fully Illustrated.

A MANUAL ON
ELECTRICAL SIGNALLING IN MINES.

BY GERALD J. HOOGHWINKEL, M.lNST.E.E., M.I.Mm.E.
CONTENTS. SECTION I. Electric Haulage Signals (a) Acoustic Signals. {&) Optical

Signals. (c) Acoustic Optical Signals. Current Supply. Batteries. Accumulators.
Main Supply. Design and Construction of Signalling Installations. Maintenance of

Signalling Installations. SECTION II. Electric Shaft Signals (a) Acoustic Signals. (6)
Electro-Mechanical Signals. (c) Optical Acoustic Signals. Signals for Winding Minerals.
For Winding Men. Signalling from the Cage. Emergency Signals. Bells. Mine

Telegraphs. Mine Telephones. SECTION III. Special Applications in Mines.
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SECOND EDITION, Revised Throughout. In Medium Svo. With
Numerous Mates, Map*, and Illustrations. 21s. net.

CYANIDING GOLD & SILVER ORES.
A Practical Treatise on the Cyanide Process

; its Application,
Methods of Working, Design and Construction of

Plant, and Costs.

BY H. FORBES JULIAN,
Mining and Metallurgical Engineer ; Specialist in Gold : Late Technical Adviser of the

Deutsche Gold und Silber Scheide Anstalt, Frankfort-on-Maine.

AND EDGAR SMART, A.M.I.O.E.,
Civil and Metallurgical Engineer." A handsome volume of 400 pages which will be a valuable book of reference for all

associated with the process." Mining Journal.
' The authors are to be congratulated upon the production of what should prove to be

a standard work." Poke's Magazine.

In Large. Crown Svo. With 13 Plates and many Illustration* in the Text.
Handsome Cloth. 7s. Qd. net.

THE CYANIDE PROCESS OF GOLD EXTRACTION.
A Text-Booh for the Use of Metallurgists and Students at

Schools of Mines, do.

BY JAMES PARK, F.G.S., M.lNST.M.M.,
Professor of Mining and Director of the Otago University School of Mines ; late Director

Thames School of Mines, and Geological Surveyor and Mining Geologist
to the Government of New Zealand.

FOURTH ENGLISH EDITION. Thoroughly Revised and Greatly Enlarged.
With additional details concerning the Siemens-Halske and other
recent processes.

" Deserves to be ranked as amongst the BEST OF EXISTING TREATISES." Mining Journal.

THIRD EDITION, Revised. With Plates and Illustrations. Cloth, 3s. 8d.

G ETTI NG GOLD:
A GOLD-MINING HANDBOOK FOR PRACTICAL MEN.

BY J. 0. P. JOHNSON, F.G.S., A.I.M.E.,
Life Member Australasian Mine-Managers' Association.

GENERAL CONTENTS. Introductory : Prospecting (Alluvial and General)
Lode or Reef Prospecting Genesiplogy of Gold Auriferous Lodes Drifts-
Gold Extraction Lixiviation Calcination Motor Power and its Transmissi< >n
- Company Formation Mining Appliances and Methods Australasian

Mining Regulations.
"PRACTICAL from beginning to end . . . deals thoroughly with the Prospecting

Sinking, Crushing, and Extraction of gold." Brit. Australasian.

In Crown Svo. Illustrated. Fancy Cloth Boards. 4s. 8d.

GOLD SEEKING IN SOUTH AFRICA
A Handbook of Hints for intending Explorers, Prospectors.

and Settlers.

BY THEO KASSNER,
Mine Manager, Author of the Geological Sketch Map of the De Kaap Gold Fields.

With a Chapttr on the Agricultural Prospects of South Africa.
" As fascinating as anything ever penned by Jules Verne." African Commerce
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Large 8vo. Handsome Cloth. With Illustrations.

12s. 6d. net.

METALLURGICAL ANALYSIS & ASSAYING :

A THREE YEARS' COURSE
FOR STUDENTS OF SCHOOLS OF MINES.

BY W. A. MACLEOD, B.A., B.Sc., A.O.S.M. (N.Z.),
Formerly Assist.-Director, Thames School of Mines (N.Z.), and Lecturer in Chemistry, University

of Tasmania ; Director of Queensland Government School of Mines, Charters Towers :

AND CHAS. WALKER, F.C.S.,
lonstrator in Chemistry, Sydney Universit

and Metallurgy, Charters Towers School of ;

PART I. Qualitative Analysis and Preparation and Properties of Gases.
PART Q. Qualitative and Quantitative Analysis. PART III. Assaying,
Technical Analysis (Gas, Water, Fuels, Oils, &c.).

"The publication of this volume tends to prove that the teaching of metallurgical
analysis and assaying in Australia rests in competent hands." Mature.

Formerly Assist.-Demonstrator in Chemistry, Sydney University ; Lecturer in Chemistry"
Mines

In Crown 8vo, Beautifully Illustrated with nearly 100

Microphotographs of Steel, &c. 7s. 6d. net.

MICROSCOPIC ANALYSIS OF METALS.
BY FLORIS OSMOND & J. E. STEAD, F.R.S., F.I.C.

CONTENTS. Metallography considered as a method of Assay. Micro-

graphic Analysis of Carbon Steels. Preparation of Specimens. Polishing.
Constituents of Steel ;

Ferrite ; Cementite ;
Pearlite ; Sorbite ; Marteusite ;

Hardenite ;
Troostite ; Austenite. Identification of Constituents. Detailed

Examination of Carbon Steels. Conclusions, Theoretical and Practical.

A-pparatus employed. APPENDIX.
" There has been no work previously published in English calculated to be so useful to

the student in metallographic research." Iron and Steel Trades' Journal.

In Crown 8vo. Handsome cloth. With 102 Illustrations. 6s. net.

A HANDBOOK ONMETAL LXC ALLOYS:
Their Structure and Constitution.

BY GILBERT H. GULLIVER, B.Sc., F.R.S.E.

CONTENTS. Methods of Investigation. Solution Theory, and the Chemical Equili-
brium of Mixed Substances. Binary Alloys in which no Definite Chemical Compounds
are Formed. Binary Alloys which Show Evidence of the Formation of Definite Chemical

Compounds. Equilibrium Conditions in Metallic Mixtures. The Bronzes, Brasses and
the Steels. Alloys of more than two Metals. Bibliography. INDEX.

"
Probably the clearest and best exposition of the portion of the field with which the

author treats which has hitherto appeared in the English language." Engineer.

I'm KD EDITION. With Folding Plates and Many Illustrations. 36s.

OF

A PRACTICAL TREATISE ON THE ART OF EXTRACTING METALS

FROM THEIR ORES.

BY J ARTHUR PHILLIPS, M.lNST.O.E., F.C.S., F.G.S., <kc.__AND H. BAUERMAN, Y.P.G.S.
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SECOND EDITION, Revised, Enlarged, and Re-set Throughout on Larger Page.
With Valuable Bibliography, New Maps, Illustrations, due. 45s. net.

IN TWO VTOI.UIVIES.
A T R E A T I S ON

BY SIR BOVERTON REDWOOD,
D.Sc.. F.U.S.E., Assoe-lNST.C.E, F.i.C.

CONTENTS. SECTION I.: Historical Account of the Petroleum Industry. SECTION II.:

Geological and Geographical Distribution of Petroleum and Natural Gas. SECTION III.:

The Chemical and Physical Properties of Petroleum and Natural Gas.--SECTION IV. :

The Origin of Petroleum and Natural Gas. SECTION V.: The Production of Petroleum,
Natural Gas, and Ozokerite. SECTION VI.: The Refining of Petroleum. SECTION VII.:
The Shale Oil and Allied Industries. SECTION VIII. : The Transport, Storage, and Dis-

tribution of Petroleum. SECTION IX. : The Testing of Crude Petroleum, Petroleum and
Shale Oil Products, Ozokerite, and Asphalt. SECTION X. : The Uses of Petroleum and
its Products. SECTION XI. : Statutory, Municipal, and other Regulations relating to
the Testing, Storage, Transport, and Use of Petroleum and its Products. APPENDICES.
BIBLIOGRAPHY. INDEX.
"It is indisputably the most comprehensive and complete treatise on petroleum, and this

statement is true, no matter on what branch of the industry a test of its merits is made. It is

the only book in existence which gives the oil man a clear and reliable outline of the growth and
present-day condition of the entire petroleum world. . . . There is a wonderfully complete
collection of plates and illustrations. -Petroleum World.

SECOND EDITION, Revised. With Illustrations. Price 8s. Qd. net.

A HANDBOOK ON PETROLEUM.
FOR INSPECTORS UNDER THE PETROLEUM ACTS,

And for those engaged in the Storage, Transport, Distribution, and Industrial
Use of Petroleum and its Products, and of Calcium Carbide. With

suggestions on the Construction and Use of Mineral Oil Lamps.
BY CAPTAIN J. H. THOMSON,

H.M. Chief Inspector of Explosives,

AND SIR BOVERTON REDWOOD,
Author of "A Treatise on Petroleum."

"A volume that will enrich the world's petroleum literature, and render a service to the
British branch of the indiibtry. . . . Reliable, indispensable, a brilliant contribution."-
Petroleum.

In Crown 8vo. Fully Illustrated. 2s. 6d. net.

THE LABORATORY BOOK OF MINERAL OIL TESTING.
BY J. A. HICKS,

Chemist to Sir Boverton Redwood
Should be on the shelves of every analytical chemist in practice." Chemical Trade Journal.

In Large Crown 8vo, Cloth. Fully Illustrated 5s. net.OIL FUEL:
ITS SUPPLY, COMPOSITION, AND APPLICATION.

BY SIDNEY H. NORTH,
LATE EDITOR OP THE "PETROLEUM REVIEW."

CONTENTS. The Sources of Supply. Economic Aspect of Liquid Fuel. Chemical
Composition of Fuel Oils. Conditions of Combustion in Oil Fuel Furnaces. Early
Methods and Experiments. Modern Burners and Methods. Oil Fuel for Marine Pur-
poses. For Naval Purposes. On Locomotives. For Metallurgical and other Purposes.
Appendices. -INDEX."

Everyone interested in this important question will welcome Mr. North's excellent
text-book." Nature.

THE PETROLEUM LAMP: Its Choice and Use. A Guide
to the Safe Employment of the Paraffin Lamp. By CAPT. J. H.
THOMSON and Sir BOVERTON REDWOOD. Illustrated. 1 s. net.

" A work which will meet every purpose for which it has been written." Petroleum.
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(Snffht's

STANDARD WORKS OF REFERENCE
FOR

Metallurgists, Mine-Owners, Assayers, Manufacturers,
and all interested in the development of

the Metallurgical Industries.

EDITED BY

Sir W. ROBERTS-AUSTEN, K.C.B., D.C.L., F.R.S,
In Large 8vo, Handsome Cloth. With Illustrations.

INTRODUCTION to the STUDY of METALLURGY.
By the EDITOR. SIXTH EDITION. (Seep. 63.)

GOLD (The Metallurgy of). By THOS. KIRKE Ro&n,
D.Sc., Assoc. R.S.M., F.C.S., Chemist and Assayer of the Royal
Mint. FIFTH EDITION. 2is. (Seep. 63.)

LEAD (The Metallurgy of). By H. F. COLLINS, Assoc.

R.S.M., M.Inst.M.M. SECOND EDITION. (See p. 64.)

SILVER (The Metallurgy of). By H. F. COLLINS, A.R.S.M.,
M.Inst.M.M. SECOND EDITION. (See p. 64.)

IRON (The Metallurgy of). By T. TURNER, A.R.S.M.,
F.I.C., F.C.S. THIRD EDITION, Revised. 16s. net. (See p. 65.)

STEEL (The Metallurgy of). By F. W. HARBORJ ,

Assoc. R.S.M., F.I.C., with a Section on Mechanical Treatment by

J. W. HALL, A.M.Inst.C.E. THIRD EDITION. 255. net. (See

p. 65.)

ALLOYS AND THEIR INDUSTRIAL USES. By EDWARD
F. LAW, Assoc.R.S.M. Profusely Illustrated, Just

Published, 125. 6d. net. (Seep. 64).

ANTIMONY (Chemistry, Mineralogy, Geology, Metal-

lurgy, &c.). By C. Y. WANG, M.A., B.Sc. Just
Published. 123. 6d. net. (Seep. 65).

Will be Published at Short Intervals.

METALLURGICAL MACHINERY : the Application of

Engineering to Metallurgical Problems. By HENRY CHARLES JENKINS,
Wh.Sc., Assoc. R.S.M.

COPPER (The Metallurgy of). By THOS. C. CLOUD, Assoc.

R.S.M.

%* Other Volumes in Preparation.
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GRIFFIN'S METALLURGICAL SERIES.

SIXTH EDITION, thoroughly Revised and considerably Enlarged. Large
8vo, with numerous Illustrations and Micro-Photographic

Plates of different varieties of Steel.

An Introduction to the Study of

IMIETJ^LLTJIR,Gr-^ .

BY

Sir W. ROBERTS-AUSTEN, K.C.B., D.C.L., F.R.S., A.R.S.M.,
Late Chemist and Assayer of the Royal Mint, and Professor of Metallurgy

in the Royal College of Science.

Revised throughout by F. W. HARBORD, A.R.S.M., F. I. C.

CONTENTS. The Relation of Metallurgy to Chemistry. Physical Properties
of Metals. Alloys. The Thermal Treatment of Metals. Fuel and Thermal Measurements.

Materials and Products of Metallurgical Processes. Furnaces. Means of Supplying Air
to Furnaces. Thermo-Chemistry. Typical Metallurgical Processes. The Micro-Structure
of Metals and Alloys. Economic Considerations.

" No English text-book at all approaches this in the COMPLETENESS with
which the most modern views on the subject are dealt with. Professor Austen's
volume will be INVALUABLE, not only to the student, but also to those whose

knowledge of the art is far advanced." Chemical News.

FIFTH EDITION, Revised, Considerably Enlarged, and in part Re-written.

With Frontispiece and numerous Illustrations. 21s.

THE METALLURGY OF GOLD.

T. KIRKE ROSE, D.Sc.Lond., Assoc.R.S.M,
Chemist and Assayer of the, Royal Mint.

GENERAL CONTENTS. The Properties of Gold and its Alloys. Chemistry of the

Compounds of Gold. Mode of Occurrence and Distribution of Gold. Shallow Placer

Deposits. Deep Placer Deposits. Quartz Crushing in the Stamp Battery. Amalgam-
ation in the Stamp Battery. Other Forms of Crushing and Amalgamating Machinery.
Concentration in Gold Mills. Dry Crushing. Re-grinding. Boasting. Chlorination :

The Plattner Process, The Barrel Process, The Vat-Solution Process. The Cyanide
Process. Chemistry of the Cyanide Process. Refining and Parting of Gold Bullion.

Assay of Gold Ores. Assay of Gold Bullion. Statistics of Gold Production. Biblio-

raphy. INDEX.
" A COMPREHENSIVE PRACTICAL TRKATisB on this important subject" The Times.

'The MOST COMPLETE description of the CHLORINATION PROCESS which has yet beon pub-
lished." Mining Journal.

"Adapted for all who are interested in the Gold Mining Industry, being free from tech-
nicalities as far as possible, but is more particularly of value to those engaged in the

Industry." Cape Times.
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GRIFFIN'S METALLURGICAL SERIES.

EDITED BY SIR W. ROBERTS-AUSTEN, K.C.B., F.R.S., D.C.L

In Large 8vo. Handsome Cloth. With Illustrations.

SECOND EDITION, Revised Throughout and Enlarged. Illustrated.

THE METALLURGY OF LEAD.
BY H. F. COLLINS, Assoc.R.S.M., M.lNST.M.M.

A Complete and Exhaustive Treatise on the Manufacture of Lead,
with Sections on Smelting and Desilverisation, and Chapters on the

Assay and Analysis of the Materials involved.

"A THOROUGHLY SOUND and useful digest. May with EVERY CONFIDENCE be
recommended." Mining Journal.

SECOND EDITION, Revised Throughout and Enlarged. Illustrated.

THE METALLURGY OF SILVER.
Comprising Details regarding the Sources and Treatment of Silver

Ores, together with Descriptions of Plant, Machinery, and Processes of

Manufacture, Refining of Bullion, Cost of Working, &c.

"The author has focussed A LARGE AMOUNT OF VALUABLE INFORMATION into a
convenient form. . . . The author has evidently considerable practical experience,
and describes the various processes clearly and well." Alining Journal.

JUST PUBLISHED. With Frontispiece in Colours, and Beautiful Series

of Photo-micrographs. 12s. 6d. net.

.A. m, L o -z* s
AND THEIR INDUSTRIAL APPLICATIONS.

BY EDWARD F. LAW, A.R.S.M.

CONTENTS. Introduction.- Properties of Alloys. Methods of Investigation.
Constitution. Influence of Temperature on Properties. Corrosion of Alloys. Copper
Alloys, Brass, Bronzes. Special Brasses and Bronzes. German Silver and Miscellaneous
Copper Alloys. White Metal Alloys. Anti-Friction Alloys. Aluminium Alloys.
Silver and Gold Alloys. Iron Alloys. Miscellaneous Alloys (Amalgams, <fcc.). INDEX.
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GRIFFIN'S METALLURGICAL SERIES.

THIRD EDITION, Revised. With Numerous Illustrations. Large 8vo.
Handsome Cloth. 25s. net.

With Additional Chapter on The Electric Smelting of Steel.

THE METALLURGY OF STEEL.
BY F. W. HARBORD, Assoc.R.S.M., F.I.C.

With 37 Plates, 280 Illustrations in the Text, and nearly 100 Micro
Sections of Steel, and a Section on

THE MECHANICAL TREATMENT OF STEEL.

BY J. W. HALL, A.M.lNST.C.E.
ABRIDGED CONTENTS. The Plant, Machinery, Methods and Chemistry of the Bessemer

and of t&e Open Hearth Processes (Acid and Basic). The Mechanical Treatment of Steel

comprising Mill Practice, Plant and Machinery. The Influence of Metalloids, Heat
Treatment. Special Steels, Microstructure, Testing, and Specifications.
The Engineer says, at the conclusion of a review of this book : "We cannot conclude without

earnestly recommending all who may be interested as makers or users of steel/which practically
means the whole of the engineering profession, to make themselves acquainted with it as speedily
as possible, and this may be the more easily done as the published price, considering the size
of the book, is extremely moderate."

THIRD EDITION, Revised and Enlarged. With many new Plates.

16s. net.

THE METALLURGY OF IRON.
BY THOMAS TURNER Assoc.R.S.M., F.I.C. ,

Professor of Metallurgy in the University of Birmingham.
General Contents. Early History of Iron. Modern History of Iron. The Age of Steel.

Chief Iron Ores. Preparation of Iron Ores. The Blast Furnace. The Air used in the
Blast Furnace. Reactions of the Blast Furnace. The Gaseous Products of the Blast
Furnace The Fuel used in the Blast Furnace. Slags and Fuxes of Iron Smelting.
Properties of Cast Iron. Foundry Practice. Wrought Iron. Indirect Production of
Wrought Iron. The Puddling Process. Further Treatment of Wrought Iron. -Corrosion
of Iron and Steel.

"A THOROUGHLY USEFUL BOOK, which brings the subject UP TO DAT*. OF
GRKAT VALUE to those engaged in the iron industry." Mining Journal.

For Professor Turner's Lectures on Iron- Founding, see page 68

JUST PUBLISHED. In Large 8vo. Handsome Cloth. Fully Illustrated.

12s. 6d. net.ANTIMONY:
Its History, Chemistry, Mineralogy, Geology, Metallurgy, Uses and

Preparation. Analysis, Production and Valuation.

BY C. Y. WANG, M.A., B.Sc.,
Mem Am. Inst. Mining Eng. ;

Mem. Iron and Steel Institute ; Mining Engineer to
the Chung Lou General Mining Company ; Geologist for the

Hunan Province, China, &c., &c.
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TENTH EDITION. With Tables and Illustrations. Cloth, ics. 6d.

A TEXT-BOOK OF ASSAYING:
For the use of Students, Mine Managers, Assayers, &c.

BY J. J. BERINGER, F.I.C., F.C.S.,
Public Analyst for, and Lecturer to the Mining Association of, Cornwall.

AND C. BERINGER, F.C.S.,
Late Chief Assayer to the Rio Tinto Copper Company, London,

GKNKRAL C9NTENTS. PART I. INTRODUCTORY ; MANIPULATION: Sampling;
Drying ; Calculation of Results Laboratory-books and Reports. METHODS : Dry Gravi-
metric ; Wet Gravimetric Volumetric Assays: Titrometnc, Colorimetric, Gasometric
Weighing and Measuring Reagents Formula;, Equations, &c. Specific Gravity.

PART II. METALS : Detection and Assay of Silver, Gold, Platinum, Mercury, Copper,
Lead, Thallium, Bismuth, Antimony, Iron, Nickel, Cobalt, Zinc, Cadmium, Tin, Tungsten,
Titanium, Manganese, Chromium, &c. Earths, Alkalies.

PART III. NON-METALS : Oxygen and Oxides; The Halogens Sulphur and Sul-

phates Arsenic, Phosphorus, Nitrogen Silicon, Carbon, Boron Useful Tables.
"A REALLY MERITORIOUS WORK, that may be safely depended upon either for systematic

instruction or for reference." Nature.
"This work is one of the BEST of its kind." Engineer.

In Crown 8vo. Handsome Cloth. Fully Illustrated. 3s. net.

AN INTRODUCTION TO

PRACTICAL METALLURGY.
BY PROF. THOMAS TURNER, A.R.S.M., F.I.C.,

Professor of Metallurgy in the University of Birmingham.
CONTENTS. Introduction. Sampling and Weighing. Metals and Alloys. Oxidation

and Reduction. Examination of Fire Clay. Slags and Fluxes. Examination of Fuel. -
Iron Ores. Determination of Muffle Temperatures. Silver and Silver Assay. Assay of
Silver Bullion. Assay of Silver Ores. Gold Assay. Assay of Gold Ores. Properties
f Mercury. Micro-Structure of Metals. Iron and Steel. Electro-Deposition.

Appendix. INDEX .

"It is an excellent and handy book for its purpose, and will have a far wider range
f usefulness than for class work alone." Practical Engineer.

FOURTH EDITION, Revised. With Numerous Illustrations. 6s.

A TEXT-BOOK OP

ELEMENTARY METALLURGY.
Including the Author's PRACTICAL LABORATORY COURSE.

BY A. HUMBOLDT SEXTON, F.I.C., F.O.S.,
Professor of Metallurgy in the Glasgow and West ot Scotland Technical College.

GENERAL CONTENTS. Introduction. Properties of the Metals. Combustion. Fuels.
Refractory Materials. Furnaces. Occurrence of the Metals In Nature. Preparation

of the Ore for the Smelter. Metallurgical Processes. Iron. Steel. Copper. Lead.
7inc and Tin. Silver. Gold. Mercury. Alloys. Applications of ELECTRICITY to
Metallurgy. LABORATORY COURSE." Just the kind of work for Students COMMENCING the study of Metallurgy, or for ENGINEERING
Students. "Practical Engineer.
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In Large 8vo. Handsome Cloth. Price 4s.

QUANTITATIVE METALLURGICAL ANALYSIS.
TABLES FOR LABORATORY USE.

ON THE PRINCIPLE OF "GROUP" SEPARATIONS.

BY J. JAMES MORGAN, F.O.S., M.S.O.I.
"The Author may be CONGRATULATED on the way his work has been carried oat."

The Engineer.

THIRD EDITION, Revised, Enlarged, and Re-written.

A TREATISE ON
ELECTRO -METALLURGY:
Embracing the Application of Electrolysis to the Plating, Depositing,

Smelting, and Refining of various Metals, and to the Repro-
duction of Printing Surfaces and Art-Work, &c.

BY

WALTER G. M'MILLAN, F.I.C., F.C.S.,
Late Lecturer in Metallurgy at Mason College, Birmingham.

Thoroughly Revised by W. R. COOPER.
"
Excellent, . . . one of the BEST and MOST COMPLETE manuals hitherto published

on Electro-Metallurgy." Electrical Review (on the Second Edition).

SECOND EDITION, Thoroughly Revised and Enlarged. In large 8vo.
With Numerous Illustrations and Three Folding- Plates. 21s. net.

ELECTRIC SIELTIM & EEHHIfr:
A Practical Manual of the Extraction and Treatment

of Metals by Electrical Methods.

Being the " ELEKTRO-METALLURGY "
of DR. W. BORCHERS.

Translated from the Latest German Edition by WALTER G. MMILLAN,
F.I.C., F.C.S.

CONTENTS.
PART I. ALKALIES AND ALKALINE EARTH METALS: Magnesium,

Lithium, Beryllium, Sodium, Potassium, Calcium, Strontium, Barium,
the Carbides of the Alkaline Earth Metals.

PART II. THE EARTH METALS: Aluminium, Cerium, Lanthanum,
Didymium.
PART III. THE HEAVY METALS : Copper, Silver, Gold, Zinc and Cad-

mium, Mercury, Tin, Lead, Bismuth, Antimony, Chromium, Molybdenum,
Tungsten, Uranium, Manganese, Iron, Nickel, Cobalt, and the Platinum

Group.
" COMPREHENSIVE and AUTHORITATIVE . . . not only FULL of VALUABLE INFOR-

MATION, but gives evidence of a THOROUGH INSIGHT into the technical VALUE and
POSSIBILITIES of all the methods discussed." The Electrician.
" Dr. BOROHERS' WELL-KNOWN WORK . . . must OF NECESSITY BE ACQUIRED by

every one interested in the subject. EXCELLENTLY put into English with additional
matter by Mr. M'MlLLAN." Nature.

" Will be of GREAT SERVIOK to the practical man and the Student." Electric Smelting.
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In Medium 8vo. Handsome Cloth. Fully Illustrated. 15s. net.

GENERAL FOUNDRY PRACTICE:
A Practical Handbook for Iron, Steel and Brass Founders,

Metallurgists, and Students of Metallurgy.

By A. MCWILLIAM, A.R.S.M., AND PERCY LONGMUIR.
CONTENTS. Introduction. General Properties of Matter. Moulding Sands. Facing

Sands and Facings. Foundry Tools. Moulding Boxes. Handling Material in the

Foundry. Open Sand Moulding. Cores. Elementary Aspects of Moulding. Green
Sand Moulding. Securing Cores in Moulds. Moulding from Guides. Bench, Oddside,
and Plate Moulding. Machine Moulding.- Dry Sand Moulding Loam Moulding.
Chill Casting. Casting on other Metals. Burning. Weighting and Binding Materials.

Shrinkage, Contraction, and Warping. Dressing Castings. Common Faults due to

Mould and Pattern. Malleable or Wrought Iron, Steel and Malleable Cast Iron. Cast

Iron. Refractory Materials. Fuels and Furnaces. Mixing by Analysis. Rem elting.

Working the Cupola. Further Treatment of Cast Iron. High Temperature Measure-
ment. Steel. Notes on Metals other than Iron. Alloys. Mechanical Testing.

Micrographic Analysis. Common Faults. Foundry Management. INDEX.
" The student of foundry work . . . needs no other text-book. . . . The book

contains a tremendous amount of information, and is well written." Engineering Times.

Kjctra Crown 8vo. With 48 Illustration*. 3s. 6d. net.

LECTURES ON IRON-FOUNDING.
BY THOMAS TURNER, M.Sc., A.R.S.M., F.I.C.,

Professor of Metallurgy in the University of Birminghan,.

CONTENTS. Varieties of Iron and Steel. Application of Cast Iron. History. Pro-

duction. Iron Ores. Composition. The Blast Furnace. Materials. Reactions.

Grading Pig Iron. Carbon, Silicon, Sulphur, Phosphorus, Manganese. Aluminium,
Arsenic, Copper, and Titanium. The Foundry. General Arrangement. Re-melting
Cast Iron. 1'he Cupola. Fuel Used. Changes due to Re-melting. Moulds and

Moulding. Foundry Ladles. Pouring and Pouring Temperature. Common Troubles.

Influence of Shape and Size on Strength of Castings. Tests.
" Iroufounders will find much information in the book." Iron Trade Circular

Ryland's).

In Large <lto, Library Style. Beautifully Illustrated with 20 Plates, many
in Colours, and 94 Figures in the /

J

ext. 2, 2s. net.PRECIOUS STONES:
Their Properties, Occurrences, and Uses.

A Treatise for Dealers, Manufacturers, Jewellers, and for all

Collectors and others interested in Gems.

BY DR. MAX BAUER, OF THE UNIVERSITY OF MARBURG.
TRANSLATED BY L. J. SPENCER, M.A. (CANTAB.), F.G.S.

" The plates are remarkable for their beauty, delicacy, and truthfulness. A glance at

them alone is a lesson on precious stones, whilst the perusal of the work itself should
add a new interest to any casket of jewels or cabinet of gems, or even to a jewellers'
window." Athenceum.

In Large Grown 8vo. With Numerous Illustrations. 8s. 6d.

THE ART OF THE GOLDSMITH AND JEWELLER.
A. Manual on the Manipulation of Gold and the

Manufacture of Personal Ornaments.
BY THOS. B. WIGLEY,

Headmaster of the Jewellers and Silversmiths' Assoc. Tech. School, Birmingham.

ASSISTED BY J. H. STANSBIE, B.Sc. (LOND.), F.I.O.,
Lecturer at the Birmingham Municipal Technical School.
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THIRD EDITION, Revised, Enlarged, and Re-issued. Price 6s. net.

A SHORT MANUAL OF

INORGANIC CHEMISTRY.
BY A. DUPRE, Ph.D., F.R.S.,

AND WILSON HAKE, PhD., F.I.O., F.C.S.,
Of the Westminster Hospital Medical School

"AN KXAMPLK OF THE ADVANTAGES OF THB SYSTEMATIC TREATMENT Of a Science
over the fragmentary style so generally followed BY A LONG WAY THR BHST of the small
Manuals for Students." A nalyst.

In Handsome Cloth. With nearly 50 Illustrations. 3s. 6d. net.

THE ELEMENTS OF CHEMICAL ENGINEERING.
BY J. GROSSMANN, M.A., PH.D., F.I.C.

WITH A PREFACE BY

SIR WILLIAM RAMSAY, K.C.B., P. U.S.
CONTENTS. The Beaker and its Technical Equivalents. Distilling Flasks, Liebig's

Condensers. Fractionating Tubes and their Technical Equivalents. The Air-Bath and
its Technical Equivalents. The Blowpipe and Crucible and their Technical Equivalents.
The Steam Boiler and other Sources of Power. General Remarks on the Application

of Heat in Chemical Engineering. The Funnel and its Technical Equivalents. The
Mortar and its Technical Equivalents. Measuring Instruments and their Technical
Equivalents. Materials Used in Chemical Engineering and their Mode of Application.
Technical Research and the Designing of Plant. Conclusion. Chemicals and Materials.
INDEX.

"Excellent. . . . Every student of chemistry attending a technical course should
obtain a copy. 'Chemical News.

LABORATORY HANDBOOKS BY A. HUMBOLDT SEXTON,
Professor of Metallurgy in the Glasgow and West of Scotland Technical College.

OUTLINES OF QUANTITATIVE ANALYSIS.
FOR THE USE OF STUDENTS.

With Illustrations. FIFTH EDITION. Crown 8vo, Cloth, 3s.

"
A. COMPACT LABORATORY GUIDE for beginners was wanted, and the want has

been WBLL SUPPLIED. ... A good and nseful book." Lancet,

OUTLINES OF QUALITATIVE ANALYSIS.
FOR THE USE OF STUDENTS.

With Illustrations. FOURTH EDITION, Revised. Crown 8vo, Cloth, 3s. 6d.
" The work of a thoronghly practical chemist." British Medical Jourral,
"
Compiled with great care, and will snpply a want." Journal of Education.

ELEMENTARY METALLURGY:
Including the Author's Practical Laboratory Course.

[See p. 66.
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In Two Vols., Large 8vo. With Illustrations. Sold Separately.

CHEMISTRY FOR ENGINEERS
AND MANUFACTURERS.

BY

BERTRAM BLOUNT, E.I.C., & A. G. BLOXAM, F.I.O.

VOLUME I. Chemistry of Engineering, Building, and Metallurgy. General
Contents. INTRODUCTION. Chemistry of the Chief Materials of Construction.
Sources of Energy. Chemistry of Steam-raising. Chemistry of Lubrication and
Lubricants. Metallurgical Processes used in the Winning and Manufacture of
Metals. Price 10s. 6d.

VOLUME II. The Chemistry of Manufacturing Processes. General Contents.

Sulphuric Acid Manufacture. Alkali, &c. Destructive Distillation. Artificial
Manure. Petroleum. Lime and Cement Clay and Glass. Sugar and Starch.

Brewing and Distilling. Oils, Resins, and Varnishes. Soap and Caudles. Textiles
and Bleaching. Colouring Matters, Dyeing and Printing. Paper and Pasteboard.
Pigments and Paints. Leather, Glue, and Size. Explosives and Matches. Minor
Manufactures. SECOND EDITION, Thoroughly Revised. Illustrated. 16s.

SECOND EDITION. In Large 8vo. Handsome Cloth. With 800 pages
and 154 Illustrations. 255. net.

OILS, FATS, BUTTERS, AND WAXES :

THEIR PREPARATION AND PROPERTIES, AND MANUFACTURE THERE
FROM OF CANDLES, SOAPS, AND OTHER PRODUCTS.

BY C. R. ALDER WRIGHT, D.Sc, F.R.S.,
Late Lecturer on Chemistry, St. Marv's Hospital Medical School ; Examiner

in
"
Soap

"
to the City and Guilds of London Institute.

Thoroughly Revised, Enlarged, and in Part Rewritten

BY C. AINSWORTH MITCHELL, B.A., F.I.C., F.C.S-

"Will be found ABSOLUTELY INDISPENSABLE.' The Analyst.
"Will rank as the STANDAKD ENGLISH AUTHORITY on OILS and FATS for mai/>

fears to come." Industries and Iron.

In Two Volumes, Half Morocco, each complete in itself.

PHYSICO-CHEMICAL TABLES
For the Use of Analysts, Physicists, Chemical Manufacturers and

Scientific Chemists.

Volume I. Chemical Engineering, Physical Chemistry. 24s. net.

Volume II. Chemical Physics, Pure and Analytical Chemistry.
[Shortly.

BY JOHN CASTELL-EVANS, F.I.C., F.C.S.,
Lecturer on Inorganic Chemistry and Metallurgy at the Finsbury Technical College.

The Work comprehends as far as possible ALL RULES AND TABLES required by the

Analyst, Brewer, Distiller, Acid- and Alkali-Manufacturer, &c., &c. ; and also the prin-

cipal data in THERMO-CHEMISTRY, ELECTRO-CHEMISTRY, and the various branches of

CHEMICAL PHYSICS. Every possible care has been taken to ensure perfect accuracy, and
to include the results of the most recent investigations.
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SIXTH EDITION, Thoroughly Revised. Fully Illustrated.

FOODS : THEIR COMPOSITION AND ANALYSIS.

BY A. WYNTER BLYTH, M.R.C.S., F.I.C., F.O.S.,

Barrister-at-Law, Public Analyst for the County of Devon, and
Medical Officer of Health for St. Marylebone.

AND M. WYNTER BLYTH, B.A., B.Sc., F.C.S.

OENERAL CONTENTS. History of Adulteration. Legislation. Apparatus. "Ash."

Sugar. Confectionery. Honey. Treacle. Jams and Preserved Fruits. Starches.

Wheaten-Flour. Bread. Oats. Barley. Rye. Rice. Maize. Millet. Potatoes.

Peas. Lentils. Beans Milk. Cream. Butter. Oleo-Margarine. Cheese. Lard.

Tea. Coffee. Cocoa and Chocolate. Alcohol. Brandy. Rum. Whisky. Gin.

Arrack. Liqueurs. Absinthe. Yeast. Beer. Wine. Vinegar. Lemon and Lime
Juice. Mustard. Pepper. Sweet and Bitter Almonds. Annatto. Oilve Oil. Water
Analysis. Appendix : Adulteration Acts, &c.

" A new edition of Mr. Wynter Blyth's Standard work, ENKICHED WITH ALL THB RECEST
DISCOVEBIES AND IMPROVEMENTS, will be accepted as a boon." Chemical News.

FOURTH EDITION, Thoroughly Revised. In Large 8vo, Cloth, with
Tables and Illustrations. 21s. net.

POISONS : THEIR EFFECTS AND DETECTION.

BY A. WYNTER BLYTH, M.R.C.S., F.I.C., F.O.S.,

Barrister-at-Law, Public Analyst for the County of Devon, and
Medical Officer of Health for St. Marylebone.

GENERAL CONTENTS. I. Historical Introduction. II. Classification Statistics-

Connection between Toxic Action and Chemical Composition Life Tests General
Method of Procedure The Spectroscope Examination of Blood and Blood Stains.

III. Poisonous Gases. IV. Acids and Alkalies. V. More or less Volatile Poisonous
Substances. VI. Alkaloids and Poisonous Vegetable Principles. VII. Poisons derived

from Living or Dead Animal Substances. VIII. The Oxalic Acid Group. IX.

Inorganic Poisons. Appendix: Treatment, by Antidotes or otherwise, of Cases of

Poisoning.

"
Undoubtedly THB MOST COMPLETE WOEK on Toxicology in our language." The Analyst.

" As a PEACTICAL GDIDB, we know NO BETTEK work." The Lancet (on the Third Editionj

Crown 8vo, Handsome Cloth. Fully Illustrated. los. 6d

FLESH FOODS:
With Methods for their Chemical, Microscopical, and Bacterio-

logical Examination.

A Practical Handbook for Medical Men, Analysts, Inspectors and others.

BY C. AINSWORTH MITCHELL, B.A., F.I.C., F.C.S.
" A compilation which will be most useful for the class for whom it is intended." Athenaum.

10NDON : CHARLES GRIFFIN & CO., LIMITED, EXETER STREET, STRAND
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SECOND EDITION. With Numerous Tables, Fully Illustrated.

DAIRY CHEMISTRY
FOR DAIRY MANAGERS, CHEMISTS, AND ANALYSTS

A Practical Handbook for Dairy Chemists and others

having Control of Dairies.

BY H. DROOP RICHMOND, F.I.C.,
CHEMIST TO THE AYLESBURY DAIRY COMPANY.

Contents. I. Introductory. The Constituents of Milk. II. The Analysis ol

Milk. ill. Normal Milk : its Adulterations and Alterations, and their Detection.
IV The Chemical Control of the Dairy. V, Biological and Sanitary Matters.
VI. Butter. VII. Other Milk Products. VIII. The Milk of Mammals other
than the Cow. Appendices. Tables. Index.

"
. . . In our opinion the book is the BEST CONTRIBUTION ON THE SUBJECT THAT

HAS YET APPEARED in the English language." Lancet (on the First Edition).

Fully Illustrated. With Photographs of Various Breeds of Cattle, &c.
6s. net.

MILK: ITS PRODUCTION & USES.
With Chapters on Dairy Farming, The Diseases of Cattle, and on the

Hygiene and Control of Supplies.

BY EDWARD F. WILLOUGHBY,
M.D. (Lond.), D.P.H. (Lond. and Camb.).

" We cordially recommend it to everyone who has anything at all to do with milk."
Dairy World.

In Crown 8vo, Fully Illustrated. 2s. 6d. net.

THE LABORATORY BOOK OF

DAIRY ANALYSIS.
BY H. DROOP RICHMOND, F.I.C.,

Analyst to the Aylesbury Dairy Co., Ltd.

"Without doubt the best contribution to the literature of its subject that has ever been
written." Medical Times.

In Large Crown 8vo. Cloth. Fully Illustrated. 4s. 6d. net.

ELEMENTARY AGRICULTURAL CHEMISTRY.
BY HERBERT INGLE, B.Sc., F.I.C., F.C.S.

CONTENTS. Introduction. The Atmosphere. The Soil. Natural Waters. The
Plant. Manures. Crops. The Animal. Foods and Feeding. The Dairy. Miscel-
laneous. INDEX.

AT PRESS. In Crown 8vo. Handsome Cloth. Illustrated.SOIL
BY JAMES CLARK, M.A., D.Sc., A.R.C.S.,

Principal of the Academy, Kilmarnock.

LONDON : CHARLES 6RIFF1N & CO., LIMITED, EXETER STREET, STRANP.
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In Large 8vo. Handsome Cloth.

AGRICULTURAL CHEMISTRY AND ANALYSIS :

A PRACTICAL HANDBOOK FOR THE USE OF AGRICULTURAL S7UDENTS.

BY J. M. H. MUNRO, D.Sc., F.I.C., F.C.S.,
Professor of Chemistry, Downton College of Agriculture.

[In Preparation.

In Large 8vo. Complete in Two Volumes.

Each Volume Complete in Itself, and Sold Separately.

TECHNICAL MYCOLOGY:
The Utilisation of Micro-organisms in the Arts and Manufactures.

BY DR. FRANZ LAFAR,
Prof, of Fermentation-Physiology and Bacteriology in the Technical High School, Vienna.

TRANSLATED BY CHARLES T. C. SALTER.

Vol. I. SCHIZOMYCETIC FERMENTATION.
Vol. II. EUMYCETIC FERMENTATION.

NOTE. Part I. of Vol. II. was issued separately at 7s. 6d. Copies of Part II.,
Vol. II., have, therefore, been bound up to enable those possessing Part I. to complete
their copies.

"The flrst work of the kind which can lay claim to completeness in the treatment of
A fascinating subject. The plan is admirable, the classification simple, the style is good,
and the tendency of the whole volume is to convey sure information to the readei4

."

Lancet.

Crown 8vo, Handsome Cloth. With Diagrams. 7s. 6d. net.

[Companion Volume to "FERMENTS," by the same Author.]

TOXINES AND ANTITOXINES.
BY OARL OPPENHEIMER, PH.D., M.D.,

Of the Physiological Institute at Erlangen.

TRANSLATED FROM THE GERMAN BY

C. AINSWORTH MITCHELL, B.A., F.I.C., F.C.S.
With Notes, and Additions by the Author, since the publication of the German Edition.

"For wealth of detail, we have no small work on Toxines which equals the one
under review.

" Medical Times

In Crown 8vo, Handsome Cloth. Price 7s. 6d. net.

FERMENTS : AND THEIR ACTIONS.
A Text-booh on the Chemistry and Physics of Fermentative Changes.

BY CARL OPPENHEIMER, PH.D., M.D.
TRANSLATED BY C. AINSWORTH MITCHELL, B.A., F.I.C., F.C.S.

ABRIDGED CONTENTS. Introduction. Definition. Chemical Nature of Ferments.
Influence of External Factors. Mode of Action. Physiological Action. Secretion.

Importance of Ferments to Vital Action. Proteolytic Ferments. Trypsin. Bacteriplytic
and Hsemolytic Ferments. Vegetable Ferments. Coagulating Ferments. Saccharifying
Ferments. Diastases. Polysaccharides. Enzymes. Ferments which decompose
Qlucosides. Hydrolytic Ferments. Lactic Acid Fermentation. Alcoholic Fermenta-
tion. -Biology of Alcoholic Fermentation. Oxydases. Oxidising Fermentation. Bibli-

ography. INDEX.
" Such a veritable multum in parvo has never yet appeared." Brewers' Journal.

iONDON : CHARLES GRIFFIN & CO., LIMITED. EXETER STREET, STRAND
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THIRD EDITION. In Handsome Cloth. Fully Illustrated. 21s. net.

PRINCIPLES AND PRACTICE OF BREWING.
FOR THE USE OF STUDENTS AND PRACTICAL MEN.

BY WALTER J. SYKES.
REVISED BY ARTHUR R. LING, F.I.C., F.C.S.,

Editor of the Journal of the Institute of Brewing.

CONTENTS. -Physical Principles Involved. The Chemistry of Brewing. The
Microscope. Vegetable Biology. Fermentation. Water. Barley and Malting.
Arrangement of Brewery Plant. Quantities of Materials. Fermentation. Antiseptics.

Finings. Characteristics of Beer. Diseases of Beer. INDEX.
" A thorough and comprehensive text-book . . . up-to-date ... a standard

"text-book.
" Brewers' Journal.

In Crown Svo. Handsome Cloth. Fully Illustrated. 6s. net.

PEAT: Its Use and Manufacture.
BY PHILIP R. BJORLING, Consulting Hydraulic Engineer,

AND FREDERICK T. GISSING.
GENERAL CONTESTS. Introduction. The Formation of Peat. Area and Depth of Bogs in

Principal
Countries. Manufacture of Peat Fuel, &c. Cut Peat, Dredged Peat, and Manufactured

eat. Machinery employed in the Manufacture of Peat Fuel. Peat Moss Litter, and the Machinery
employed in its Manufacture. Peat Charcoal and its Manufacture. Cost of making Peat Fuel and
Charcoal. Other Productions derived from Peat, such as Tar, Manure, Candles, Dyes, Paper, &c.
BIBLIOGRAPHY. INDEX.
" The treatment throughout is clear and interesting . , . excellent plates," Engineering.

Companion Volume to the above. In Crown Svo. Handsome Cloth. Fully Illustrated.

COMMERCIAL PEAT;
Its Uses and Its Possibilities.

BY F. T. GISSING,
Joint Author with P. R. BJORLING of "Peat: Its Use and Manufacture."

In Medium Svo, Handsome Cloth. Fully Illustrated. I2s. 6d. net.

PAPER TECHNOLOGY:
AN ELEMENTARY MANUAL ON THE MANUFACTURE, PHYSICAL QUALITIES,

AND CHEMICAL CONSTITUENTS OF PAPER AND OF
PAPERMAKING FIBRES.

With Selected Tables for Stationers, Publishers, and Others.

BY R. W. SINDALL, F.C.S.

Exceedingly instructive and particularly useful." Paper Makers MonthlyJournal.

In Crown Svo. Handsome Cloth. With 30 Illustrations. 6s. net.

THE CLAYWORKER'S HANDBOOK.
An Epitome of the Materials and Methods employed in Brickmaking and Pottery.

By THE AUTHOR OF "THE CHEMISTRY OF CLAYWORKING," &C.

<;KNERAL CONTENTS. Materials used in Clayworkiug ; Clays, Engobes, Glazes, Colours,
Water, Fuel, Oils, and Lubricants. The Preparation of the Clay, Mining and Quarrying,
Weathering, Washing, Grinding. Tempering, and Pugging. Machinery ; Boilers, Engines, General
Machinery, Sieves, Mixing Machinery, Presses, <fcc. Dryers and Drying. Engobing and Glazing.
Setting or Charging, Transport. Kilns. Firing. Discharging, Sorting, and Packing. Defects

and Waste. Tests, Analysis and Control. BIBLIOGRAPHY. TABLES.-INDEX.
"We can thoroughly recommend this handy little book to' all our readers."--Brick and

Pottery Trades Journal.

LONDON : CHARLES GRIFFIN & CO,, LIMITED, EXETER STREET, STRAND
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In Large 8vo. Cloth. With 147 Illustrations. 15s. net.

A MANUAL OF

THE PRINCIPLES OF SEWAGE TREATMENT.
BY PROF. D U 1ST B A R,

Director of the Institute of State Hygiene, Hamburg.
ENGLISH EDITION BY HARRY T. CALVERT, M.Sc., PH.D., F.I.C.,

Chief Chemical Assistant, West Riding of Yorkshire Rivers Board.

CONTENTS. Growth of River Pollution. Legal Measures taken by Central and Local
Authorities. Rise and Development of Methods of Sewage Treatment. Earlier Views
on Methods of Treatment. Characteristics of Sewage. Objects of Purification Works.
Methods for the Removal of Suspended Matters. For the Removal of Putrescibility.

Disinfection. Supervision and Inspection of Works. Utility and Cost. INDEX.

Beautifully Illustrated, with Numerous Plates, Diagrams, and
Figures in the Text. 21s. net.TRADES 9 WASTE:

ITS TREATMENT AND UTILISATION.
Handbook for Borough Engineers, Surveyors, Architects, and Analysts.

BY W. NAYLOR, F.C.S., A.M.lNST.C.E.,
Chief Inspector of Rivers, Ribble Joint Committee.

" There is probably no person in England to-day better fitted to deal rationally with
ch a subject." British Sanitarian.

In Handsome Cloth. With 59 Illustrations. 6s. net.SMOKE ABATEMENT.
A Manual for the Use of Manufacturers, Inspectors, Medical Officers of

Health, Engineers, and Others.

BY WILLIAM NICHOLSON,
Chief Smoke Inspector to the Sheffield Corporation.

" We welcome such an adequate statement on an important subject." British
Medical Journal.

SECOND EDITION. In Medium 8vo. Thoroughly Revised and Re-Written.

155. net,

CALCAREOUS CEMENTS;
THEIR NATURE, PREPARATION, AND USES.
some Remarks upon. Cement Testing.

By GILBERT R. REDGRAVE, Assoc. INST. C.E .,

Assistant Secretary for Technology, Board of Education, South Kensington,

AND CHARLES SPACKMAN, F.C.S.
*' We can thoroughly recommend it as a first-class investment." Practical Engineer.

In Handsome Cloth. 55. net.

A HANDBOOK FOR CEMENT WORKS' CHEMISTS.
BY FRANK B. GATEHOUSE, F.C.S.

GENERAL CONTENTS. Introduction. Chemicals and Apparatus. Books. Analysis and
Calculations of Raw Materials. Analysis of Fuel, Kiln Gases, Lubricants and Water.
Cement Analysis. Gypsum, Plaster, &c., Burnt Lime. APPENDICES. INDEX.
"Will be of great use in Cement Works." Architect.
"Concise . . . excellent . . . a useful addition to Cement Literature."- Concrete.

LONDON: CHARLES GRIFFIN & HO., LIMITED, EXETER STREET, STRAND*
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With Four Folding Plates and Numerous Illustrations. Large 8vo.
8s. 6d. net.

U1TATER SXJII>I^Y:
A Practical Treatise on the Selection of Sources and the Distribution of Water.

BY REGINALD E. MIDDLETON, M.lNST.C.E., M.INST.MECH.E., F.S.I.

ABRIDGED CONTENTS. Introductory. Requirements as to Quality. Requirement*
as to Quantity. Storage Reservoirs. Purification. Service Reservoirs. The Flow
of Water through Pipes. Distributing Systems. Pumping Machines. Special
Requirements.
"As a companion for the student, and a constant reference for the technical man, we

anticipate it will take an important position on the bookshelf." Practiced Engineer.

In Large Crown 8vo. Fully Illustrated. In Two Volumes.

VOLUME I. FOURTH EDITION. Price 7s. 6d. net.
,, II. THIRD EDITION. READY SHORTLY.

THE CHEMISTRY OF

GAS MANUFACTURE :

A Hand-Book on the Production, Purification, and Testing of Illuminating
Gas, and the Assay of the Bye-Products of Gas Manufacture.

BY W. J. ATKINSON BUTTERFIELD, M.A., F.I.C., F.O.S.,
Formerly Head Chemist, Gas Works. Beckton, London, E.

" The BEST WORK of its kind which we have ever had the pleasure of re-

viewing." Journal of Gas Lighting.

With Diagrams and Illustrations. 5s. net.ACETYLENE:
THE PRINCIPLES OF ITS GENERATION AND USE.

BY F. H. LEEDS, F.I.C., F.C.S.,
Member of the Society of Public Analysts and of the Acetylene Association;

AND W. J. ATKINSON BUTTERFIELD, M.A., F.I.C., F.C.S.,
Consulting Chemist, Author of " The Chemistry of Gas Manufacture."

" Brimful of information." C/iem. Trade Journal.
11 We can thoroughly recommend the book to the manufacturer as a reliable work

of reference, to the user as supplying valuable hints on apparatus and methods of

procedure, and to the student as a safe and certain guide." Acetylene.

Large 8vo. Handsome Cloth. Price 16s. net.

FIRE AND EXPLOSION RISKS:
A Handbook of the Detection, Investigation, and Prevention of Fires and Explosions.

BY DR. YON SCHWARTZ.
Translated from the Revised German Edition

BY C. T. C. SALTER.
ABBRIDGED GENERAL CONTENTS. Fires and Explosions of a General Character

Dangers arising from Sources of Light and Heat. Dangerous Gases. Risks Attending
Special Industries. Materials Employed. Agricultural Products. Fats, Oils, and
Resins. Mineral Oils and Tar. Alcohol, &c. Metals, Oxides, Acids, &c. Lightning
Ignition Appliances, Fireworks.

"The work affords a wealth of information on the chemistry of fire and kindred

topics." Fire and Water.
"A complete and useful survey of a subject of wide interest and vital importance."

Oil and Colourman's Journal.

LONDON: CHARLES GRIFFIN & CO., LIMITED, EXETER STREET, STRAND-
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FOURTEENTH EDITION, Thoroughly Revised. The Appendix on Sanitary
Law being Entirely Re-Written for this Edition. Price 6s.

PRACTICAL SANITATION:
4 HAND-BOOK FOR SANITARY INSPECTORS AND OTHERS

INTERESTED IN SANITATION.

By GEORGE REID, M.D., D.P.H.,
Ptlhrw, Mem. Council, and Examiner, Sanitary Institute of Great Britain,

and Medical Officer to the Staffordshire County Council.

Wlitb an SppenMj on Sanitarg 3Law*

By HERBERT MANLEY, M.A., M.B., D.P.H.,
Barrisltr-at-Law.

GENERAL CONTENTS. Introduction. Water Supply: Drinking Water, Pollution of

Water. Ventilation and Warming. Principles of Sewage Removal. Details of Drainage ;

Refuse Removal and Disposal. Sanitary and Insariitary Work and Appliances. Details of
Plumbers' Work. House Construction. Infection and Disinfection. Food, Inspection of;
Characteristics of Good Meat; Meat, Milk, Fish, &c., unfit for Human Food. Appendix :

Sanitary Law ; Model Bye-Laws, etc.
" A VERY USEFUL HANDBOOK, with a very useful Appendix. We recommend it not only to SANITARY

INSPECTORS, but to HOUSEHOLDERS and ALL interested in Sanitary Matters.'
1

Sanitary Record.

In Handsome Cloth.

LESSONS ON SANITATION.
BY JOHN WM. HARRISON, M.R.SAN.L,

Mem. incor. Assoc. Mun. and County Engineers; Surveyor, Wombwell, Yorks.

CONTENTS. Water Supply. Ventilation. Drainage. Sanitary Building Construction.
Infectious Diseases. Food Inspection. Duties of an Inspector of Nuisances and Common
Lodging- Houses. Infectious Diseases Acts. Factory and Workshop Acts. Housing of
the Working-Classes Act. Shop Hours Acts. Sale of Food and Drugs Acts. The Mar-
garine Acts. Sale of Horseflesh, &c., Rivers Pollution. Canal Boats Act. Diseases of
Animals. Dairies, Cowsheds and Milkshops Order. Model Bye-Laws. Miscellaneous.
INDEX.

"Accurate, reliable, and compiled with conciseness and care." Sanitary Record.

SECOND EDITION, Revised. In Crown 8vo. Handsome Cloth. Profusely
Illustrated. 8s. 6d. net.

SANITARY ENGINEERING:
A Practical Manual of Town Drainage and Sewage and Refuse Disposal,

For Sanitary Authorities, Engineers, Inspectors, Architects,
Contractors, and Students.

BY FRANCIS WOOD, A.M.lNsr.CE., F.G.S.,
Borough Engineer and Surveyor, Fulham ; late Borough Engineer, Bacup, Lanes.

GENERAL CONTENTS.
Introduction. Hydraulics. Velocity of Water in Pipes. Earth Pressures and Retaining

Walls. Powers. House Drainage. Land Drainage. Sewers. Separate System. Sewage
Pumping. Sewer Ventilation. Drainage Areas. Sewers, Manholes, &c. Trade Refuse.
Sewage Disposal Works. -- Bacterial Treatment. Sludge Disposal. Construction and
Cleansing of Sewers. Refuse Disposal. Chimneys and Foundations.
" The volume bristles with information which will be greedily read by those in need of assistance. The

book is one that ought to be on the bookshelves of EVERY PRACTICAL ENGINEER/' Sanitary Journal." A VERITABLE POCKET COMPENDIUM of Sanitary Engineering. ... A work which may, in
many respects, be considered as COMPLETE . . COMMENDABLY CAUTIOUS . . . INTERESTING
. . . SUGGESTIVE." Public Health Engineer
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SECOND EDITION. In Large 8vo. Handsome Cloth. Beautifully
Illustrated. With Plates and Figures in the Text. 21s. net.

ROAD MAKING AND MAINTENANCE:
A Practical Treatise for Engineers, Surveyors, and Others.

WITH AN HISTORICAL SKETCH OF ANCIENT AND MODERN PRACTICE.

BY THOS. AITKEN, Assoc.M.lNST.O.E.,
Member of the Association of Municipal and County Engineers; Member of the Sanitary

Inst. ; Surveyor to the County Council of Fife. Cupar Division.

WITH NUMEROUS PLATES, DIAGRAMS, AND ILLUSTRATIONS.

CONTENTS. Historical Sketch. Resistance of Traction. Laying out
New Roads. Earthworks, Drainage, and Retaining Walls. Road
Materials, or Metal. Quarrying. Stone Breaking and Haulage. Road-

Rolling and Scarifying. The Construction of New, and the Maintenance
of existing Roads. Carriage Ways and Foot Ways.
"The Literary style is EXCELLENT. . . . A COMPREHENSIVE and EXCELLENT Modern Book, an

UP-TO-DATE work. . . . Should be on the reference shelf of every Municipal and County
Engineer or Surveyor in the United Kingdom, and of every Colonial Engineer." The Surveyor.

In Handsome Cloth. Fully Illustrated. 10s. Qd. net.

RUSTLESS JR O A n S.
TAR MACADAM.

BY J. WALKER SMITH,
Borough Engineer and Master of Works, Edinburgh.

CONTEXTS. Necessity for Improved and Standard Iload Construction. Tar. Standardisation
of Matrix. Aggregate for Macadam Different Modes of Preparing and Laying. Mechanical
Mixing. Effects of Wear, Density, Porosity, Distribution of Weight. Scavenging ; Watering and
Maintenance. Camber ; Gradient, Noiselessness, Hygienic Advantages. Rolling. Tractive
Effort. Statistics. Tar Spraying on Ordinary Macadam Surfaces. APPENDICES. INDEX.

In Demy 8vo. Handsome Cloth. With Many Tables.

THE THEORY AND PRACTICE OF

ENAMELLING ON IRON AND STEEL.
BY JULIUS GRUNWALD,

Technical Chemist and Works' Manager.

CONTENTS. Introduction. The Raw Materials. The Mixing, Dissolving, and Appli-
cation of Enamel. Heating and Pickling Goods in the Rough. Correct laying on.

Baking Enamelled Ware. Decoration of Enamelled Objects. Photo-Ceramics in their

Application to Enamels. General and Statistical Chapter. The History of Enamels
And their Uses. INDEX.

IONDON: CHARLES GRIFFIN & CO., LIMITED, EXETER STREET^ STRAND
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In Large 8vo. Handsome Cloth. Profusely Illustrated. 30s. net.

A TREATISE ON
COLOUR MANUFACTURE,

A Guide to the Preparation, Examination, and Application of all the
Pigment Colours in Practical Use.

BY GEORGE ZERR AND DR. R. RttBENCAMP.
AUTHORISED ENGLISH TRANSLATION BY DR. C. MAYER, OF BURGDORF.

'This comprehensive guide . . . useful and interesting." Oil and Colour Trades
Journal.

FOURTH EDITION, Revised and Enlarged. With Illustrations. 125. 6d.

PAINTERS' COLOURS, OILS, AND VARNISHES :

A PRACTICAL MANUAL.
BY GEORGE H. HURST, F.C.S.

GENERAL CONTENTS. Introductory THE COMPOSITION, MANUFACTURE,
ASSAY, and ANALYSIS of PIGMENTS, White, Red, Yellow and Orange, Green,
Blue, Brown, and Black LAKES Colour and Paint Machinery Paint Vehicles
(Oils, Turpentine, &c., &c.) Driers VARNISHES.

" A THOROUGHLY PRACTICAL book. . . . Satisfactorily treats of the manufacture of
oils, colours, and pigments." Chemical Trades'

In Crown 8vo. Handsome Cloth. With Illustrations. 55.

THE PAINTER'S LABORATORY GUIDE.
A Student's Handbook of Paints, Colours, and Varnishes.

BY GEORGE H. HURST, F.C.S.

ABSTRACT OK CONTENTS. Preparation of Pigment Colours. Chemical Principles
Involved. Oils and Varnishes. Properties of Oils and Vainishes. Tests and Experiments.

Plants, Methods, and Machinery of the Paint and Varnish Manufactures.

"This excellent handbook, . . . the model of what a handbook should be." Oils,

Colours, and Drysalteries.

THIRD EDITION, Revised. In Crown 8vo. extra. With Numerous Illustra-

tions and Plates (some in Colours), including Original Designs. 12s. 6d.

Painting and Decorating:
A Complete Practical Manual for House

Painters and Decorators.

BY WALTER JOHN PEARCE,
LECTURER AT THE MANCHESTER TECHNICAL SCHOOL FOR HOUSE-PAINTING AND DECORATING

"A THOROUGHLY USEFUL BOOK . . . GOOD, SOUND, PRACTICAL INFOR-
MATION in a CLEAR and CONCISE FORM." Plumber and Decorator.

" A THOROUGHLY GOOD AND RELIABLE TEXT-BOOK. . . . So FULL and
COMPLETE that it would be difficult to imagine how anything further could be
added about the Painter's craft." Builders' Journal.

LONDON: CHARLES GRIFFIN & CO., LIMITED, EXETER STREET, STRAND.



CHEMISTRY AND TECHNOLOGY. 81

SECOND EDITION. In Large 8vo. Handsome Cloth. With 4 Plates

and Several Illustrations. i6s. net.

THE CHEMISTRY OF INDIA RUBBER.
A Treatise on the Nature of India Rubber, its Chemical and Physical Examina-

tion, and the Determination and Valuation of India Rubber Substitutes.

Including the Outlines of a Theory on Vulcanisation.

BY CARL OTTO WEBER, PH.D.
"
Replete with scientific and also with technical interest. . . . The section on physical

properties is a complete resume of every thing known on the subject." India-rubberJournal.

In Handsome Cloth. Fully Illustrated.

THE MANUFACTURE OF RUBBER GOODS.
BY ADOLF HEIL AND DR. W. ESCH.

TRANSLATED BY EDWARD W. LEWIS, A.C.G.I., F.C.S.,

Chemist to Messrs. J. G. INGRAM & SON, London.

GENERAL CONTENTS. Raw Material and its Preparation. Vulcanisation. Rubber
Mixings. Manufacture of Soft Rubber Goods. Manufacture of Hard Rubber Goods.

Regeneration of Waste Rubber. Specific Gravity of Rubber Goods. INDEX.

In Large Crown 8vo. Fully Illustrated. 55. net.

GLUE, GELATINE,
AND THEIR ALLIED PRODUCTS,

A Practical Handbook for the Manufacturer, Agriculturist, and Student of Technology.

BY THOMAS LAMBERT,
Analytical and Technical Chemist.

CONTENTS. Historical. GLUE. GELATINE. Size and Isinglass. Treatment of Efflu-

ents produced in Glue and Gelatine Making. Liquid and other Glues, Cements, &c. Uses
of Glue and Gelatine. Residual Products. Analysis of Raw and Finished Products.
APPENDIX. INDEX.
"A sufficient account of modern methods of working, chiefly from a practical standpoint.

A book . . . of real value." Chemical Neivs.

In Large 8vo. Handsome Cloth. Fully Illustrated. 155. net.

L.EATHCER TRAOES' CMEIVIISTRY .

A Practical Manual on the Analysis of Materials and Finished Products.

By S. R. TROTMAN, M.A., F.I.C.,
Public Analyst for the City of Nottingham, Member of the International Association

of Leather Trades' Chemists.

SYNOPSIS OF CONTENTS. Standard Solutions. Acids, Alkalies, &c. Water. Depilation
and Deliming. Fleshings, &c. Glue. Spent Liquors. Mineral and Vegetable Tanning
Agents. Oils. Soaps. Varnishes. Skin. Leather. Dyestufts. Degreasing Agents.
Effluents. GLOSSARY. INDEX.

*' Mr. Trotman has admirably succeeded in his aim. . . . Practically every section
the leather trade chemistry is gone into." Leather Trades' Review.

In Large 8vo. Handsome Cloth. With Plates and Illustrations. 75. 6d. net.

THE MANUFACTURE OP INK.
A Handbook of the Production and Properties of Printing, Writing, and Copying Inks.

BY C. A. MITCHELL, B.A., F.I.C., F.C.S., & T. C. HEPWORTH.
' '

Thoroughly well arranged . . . and of a genuinely practical order." British Printer
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TEXTILE 1 1ST U STF5 IE S.

SECOND EDITION, Thoroughly Revised Throughout. In Two Large
i olumes. Handsome Cloth.

A MANUAL OF DYEING:
fOR THE USE OF PRACTICAL DYERS, MANUFACTURERS, STUDENTS,

AND ALL INTERESTED IN THE ART OF DYEING.

BY
EL KNECHT, Ph.D., F.I.C., CHR. RAWSON, F.I.C., F.C.S.,

Head of the Chemistry and Dyeing Department of Late Head of the Chemistry and Dyeing Department
the Technical School, Manchester; Editor of "The of the Technical College, Bradford ;

Member
Journal of the Society of Dyers and Colourists

;

"
Council of the Society of Dyers and Colourista;;

And RICHARD LOEWENTHAL, Ph.D.
GENERAL CONTENTS. Chemical Technology of the Textile Fabrics

Water Washing and Bleaching Acids, Alkalies, Mordants Natural

Colouring Matters Artificial Organic Colouring Matters Mineral Colours

Machinery used in Dyeing Tinctorial Properties of Colouring Matter*

Analysis and Valuation of Materials used in Dyeing, &c., c.
" This authoritative aod exhaustive work . . . the MOST COMPLETE we have yet seou

on the subject." Textile Manufacturer.

In Large Svo, Handsome Cloth. Pp. i-xv + 4-05. 16s. net.

THE SYNTHETIC DYESTUFFS,
AND

THE INTERMEDIATE PRODUCTS FROM WHICH THEY ARE DERIVED.
BY JOHN CANNELL CAIN, D.Sc. (MANCHESTER AND TUBINGEN),

Technical Chemist,

AND JOCELYN FIELD THORPE, PH.D. (HEIDELBERG), F.R.S.,
Lecturer on Colouring Matters in the Victoria University of Manchester.

Part I. Theoretical. Part II. Practical. Part III. Analytical.
" We have no hesitation in describing this treatise as one of the most valuable books

that has appeared. . . . Will give an impetus to the study of Organic Chemistry
generally." Chemical Irade Journal.

Companion Volume to Knecht & JRawsoris "
Dyeing." In Large 8vo.

Handsome Cloth, Library Style. 16s. net.

A DICTIONARY OF

DYES, MORDANTS, & OTHER COMPOUNDS
USED IN DYEING AND CALICO PRINTING.

With Formulce, Properties, and Applications of the various substarices described,
and concise directions for their Commercial Valuation,

and for the Detection of Adulterants.

BY CHRISTOPHER RAWSON, F.I.C., F.C.S.,
Consulting Chemist to the Behar Indigo Planters' Association ; Co-Author of " A Manual

of Dyeing ;

"

WALTER M. GARDNER, F.C.S.,
Head of the Department of Chemistry and Dyeing, Bradford Municipal Technical College;

Editor of the " Journ. Soc. Dyers and Colourists ;

"

AND W. F. LAYCOCK, Ph.D., F.C.S.,
Analytical and Consulting Chemist.

" Turn to the book as one may on any subject, or any substance iu connection with the
trade, and a reference is sure to be found The authors have apparently left nothing out.

"

Textile Mercury.
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THE TEXTILE INDUSTRIES. 8$

In Crown Svo. Cloth. With Numerous Illustrations. 6s. net.

THE COTTON WEAVERS' HANDBOOK.
A Practical Guide to the Construction and Costing of Cotton Fabrics,

with Studies in Design.

BY HENRY B\ HEYLIN,
Of the Royal Technical Institute, Salford.

CONTENTS Weaving. Designing. Weaves. The Power Loom and its Accessories. -
Analysing or Dissection of the Cloth. Cloth Quoting or Costing. Division of the Cotton.
Indu try in England. Yarns for Manufacturing Purposes. The Selection of Warp Yarns
and Yarn Testing. Bead and Heald Counting and Calculations. Important Labour
Units in a Weaving Mill. Miscellany. Illustrations of Machinery. Examination Ques-
tions. INDEX.
"Mr. Heylin's text-book is a very reliable one. It is difficult to mark out any special

points among so much excellent matter." Dyer and Calico Printer.

Large Svo. Profusely Illustrated with Plates and Figures in the Text.
16s. net.

THE SPINNING AND TWISTING OF LONG
VEGETABLE FIBRES

(FLAX, HEMP, JUTE, TOW, & RAMIE).
A Practical Manual of the most Modern Methods as applied to the Hackling, Carding

Preparing, Spinning, and Twisting of the Long Vegetable Fibres of Commerce.

BY HERBERT R. CARTER, Belfast and Lille.

GENERAL CONTENTS. Long Vegetable Fibres of Commerce. Rise and Growth of

Lhe Spinning Industry. Raw Fibre Markets. Purchasing Raw Material. Storing and
Preliminary Operations. Hackling. Sorting. Preparing. Tow Carding and Mixing.
Tow Combing. Gill Spinning. The Roving Frame. Dry and Demi-sec Spinning. Wet
Spinning. Spinning Waste. Yarn Reeling. Manufacture of Threads, Twines, and
Cords. Rope Making. The Mechanical Department. Modern Mill Construction. -
Steam and Water Power. Power Transmission.

" Meets the requirements of the Mill Manager or Advanced Student in a manner
perhaps more than satisfactory. . . . We must highly commend the work as repre-
senting up-to-date practice." Nature.

In Large Svo, Handsome Cloth, with Numerous Illustrations. 9s. net.

TEXTILE FIBRES OF COMMERCE.
A HANDBOOK OF

The Occurrence, Distribution, Preparation, and Industrial Uses of the

Animal, Vegetable, and Mineral Products used in Spinning and Weaving

BY WILLIAM 1. HANNAN,
Lecturer on Botany at the Ashton Municipal Technical School, Lecturer on Cottou

Spinning at the Chorley Science and Art School, &c.
" USEFUL INFOEMATIOK. . . . ADMIRABLE ILLUSTRATIONS. .' . ."Textile Recorder.

In Large Svo, with Illustrations and Printed Patterns. Price 2 is.TEXTILE PRINTING:
A PRACTICAL MANUAL.

Including the Processes Used in the Printing ot

COTTON, WOOLLEN, SILK, and HALF-
SILK FABRICS.

BY C. F. SEYMOUR ROTHWELL, F.C.S.,
VTO. 8oc. of Chem. Ind. ; late Lecturer at the Munic. Tech. School. Manchester.

" BT FAR THE BBST and MOST PRACTICAL BOOK on TEXTILE PRINTING which has yet been

brought out, and will long remain the standard work on the subject." Textile Mercury.
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Large 8vo. Handsome Cloth. 12s. 6d.

BLEACHING & CALICO-PRINTING.
A Short Manual for Students and

Practical Men.

BY GEORGE DUERR,
Director of the bleaching, Dyeing, and Printing Department at the Accrington and Bacup

Technical Schools ; Chemist and Colourist at the Irwell Print Works.

ASSISTED BY WILLIAM TURNBULL
(of Turnbull & Stockdale, Limited).

With Illustrations and upwards of One Hundred Dyed and Printed Patterns

designed specially to show various Stages of the Processes described.

GENERAL CONTENTS. COTTON, Composition of; BLEACHING, New
Processes ; PRINTING, Hand-Block ; Flat-Press Work ; Machine Printing
MOKDANTS STYLES OF CALICO-PRINTING : The Dyed or Madder Style, Resist
Padded Style, Discharge and Extract Style, Chromed or Raised Colours,
Insoluble Colours, &c. Thickeners Natural Organic Colouring Matters
Tannin Matters Oils, Soaps, Solvents Organic Acids Salts Mineral

Colours Coal Tar Colours Dyeing Water, Softening of Theory of Colours

Weights and Measures, &c.

" When a EBADY WAT out of a difficulty is wanted, it is IN BOOKS LIKE THIS that it is found."-
Textile Recorder.

" Mr. DUBEE'S WOEK will be found MOST USBFOL. . . . The information given is of GHBA
VALBB. . . . The Recipes are THOEOUGHLT PEACTICAL." Textile Manufactwer,

In Handsome Cloth. With 76 Illustrations. 55. net.

DYEING AND CLEANING.
BY FRANK J. FARRELL, M.Sc., &c.

GENERAL CONTENTS. Technology of the Textile Fibres. Dry

Cleaning. Wet Cleaning. Dyeing. Dry Dyeing. Special Methods,

Cleaning and Dyeing Skin Rugs, Feathers, and Hats. Finishing.

APPENDIC ES. INDEX.

" A timely and valuable contribution . . . well got up in every way." Dyer and

Calico Printer.
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INTRODUCTORY SCIENCE SERIES. 85

"Boys COULD NOT HAVE A MORE ALLURING INTRODUCTION to scientific pursuit!
than these charming-looking volumes." Letter to the Publishers from the Head-
master of one of our great Public Schools.

Handsome Cloth, 7s. 6d. Gilt, for Presentation, 8s. 6d,

STDDIES m BOTAflY:
SKETCHES OF BRITISH WILD FLOWERS

IN THEIR HOMES.
BY R. LLOYD PRAEGER, B.A., M.R.I.A.

Illustrated by Drawings from Nature by S. Rosamond Praeger,
and Photographs by R. Welch.

GENERAL CONTENTS. A Daisy-Starred Pasture Under the Hawthorns
By the River Along the Shingle A Fragrant Hedgerow A Connemara

Bog Where the Samphire grows A Flowery Meadow Among the Corn
(a Study in Weeds) In the Home of the Alpines A City Rubbish-Heap
Glossary.

"A FRESH AND STIMULATING book . . . should take a high place . . . The
Illustrations are drawn with much skill." The Times.

"BEAUTIFULLY ILLUSTRATED. . . . One Of the MOST ACCURATE as well M
INTERESTING books of the kind we have seen." Athenceum.

"Redolent with the scent of woodland and meadow." The Standard.

With 12 Full-Page Illustrations from Photographs. Cloth.
Second Edition, Revised. 8s. 6d.

STUDIES HI GEOLOGY:
An Introduction to Geology Out-of-doors.

BY GRENVILLE A. J. COLE, F.G.S., M.R.I.A.,
Professor of Geology in the Royal College of Science for Ireland,

and Examiner in the University of London.

GENERAL CONTENTS. The Materials of the Earth A Mountain Hollow
Down the Valley Along the Shore Across the Plains Dead Volcanoes
A Granite Highland The Annals of the Earth The Surrey Hills The

b olds of the Mountains.
"The FASCINATING 'OPEN-AIR .STUDIES

'

of PROF. OoLK give the subject a GLOW oy
ANIMATION . . . cannot fail to arouse keen interest in geology." Geological Magazine"

A. CHARMING BOOK, beautifully illustrated
"

Athenaeum.

Beautifully Illustrated. With a Frontispiece in Colours, and Numerous
Specially Drawn Plates by Charles Whymper. 7s. 6d.

STDDIES IS BIR1MJFE:
SKETCHES OF BRITISH BIRDS IN THEIR HAUNTS.

BY CHARLES DIXON.
The Spacious Air. The Open Fields and Downs. In the Hedgerows. On

Open Heath and Moor. On the Mountains. Amongst the Evergreens.
Copse and Woodland. By Stream and Pool. The Sandy Wastes and Mud
flats. Sea-laved Rocks. Birds of the Cities. INDEX.
" Enriched with excellent illustrations. A welcome addition to all libraries." Wisi-

*nt nster Review.
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Twenty-fifth Annual Issue. Handsome cloth, 7s. 6d.

(To Subscribers, 6s.).

THE OFFICIAL YEAR-BOOK
OF THK

SCIENTIFIC AND LEARNED SOCIETIES OF GREAT BRITAIN

AND IRELAND.
COMPILED FROM OFFICIAL SOURCES.

Comprising (together with other Official Information) LISTS of tht

PAPERS read during the Session 1907-1908 before all the LEADING'

SOCIETIES throughout the Kingdom engaged in the following Depart-

ments of Research :

i. Science Generally : i.e., Societies occupy-

ing themselves with several Branches of

Science, or with Science and Literature

2. Mathematics and Physics.

j. Chemistry and Photography.
4. Geology, Geography, and Mineralogy.
;. Biology, including Microscopy and An-

thropology.

6. Economic Science and Statistics.

7. Mechanical Science, Engineering, and
Architecture.

8. Naval and Military Science.

9. Agriculture and Horticulture.
10. Law.
11. Literature

Psychology.
13. Archaeology.

14. MEDICINE.

"FiLLS A VERY REAL WANT." Engineering.
11 INDISPENSABLE to any one who may wish to keep himself

abreast of the scientific work of the day." Edinburgh Medical

journal.
" The YEAR-BOOK OF SOCIETIES is a Record which ought to be of the greatest use to*

the progress of Science." Lord Pfayfair, F.R.S., K.C.B., M.P., Past-President oj tht

British Association.
"

It goes almost without saying that a Handbook of this subject will be in timr

one of the most generally useful works for the library or the desk.
" The Times.

"British Societies are now weii represented in the 'Year-Book of the Scientific anc

Learned Societies of Great Britain and Ireland.'" (Art. "Societies" in New Edition o'
"
Encyclopaedia Britannica," vol. xxii.)

Copies of the FIRST ISSUE, giving an Account of the History,

Organization, and Conditions of Membership of the various

Societies, and forming the groundwork of the Series, may still be

had, price 7/6. Also Copies of the Issues following.

The YKA^BO^I^O^^OCIETIES forms a complete INDEX TO THE SCIENTIFIC WORK of the

sessional year in the various Departments. It is used as a HANDBOOK in all our great
SCIKNTIFIC CENTRES, MUSEUMS, and LIBRARIES throughout the Kingdom, and has become
an INDISPENSABLE BOOK OF REFERENCE to every one engaged in Scientific Work.
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