








THE MANUFACTURE

AND COMPARATIVE MERITS OF

WHITE LEAD AND ZINC WHITE PAINTS





THE MANUFACTURE

AND COMPARATIVE MERITS OF

WHITE LEAD AND ZINC WHITE PAINTS

BY

G. PETIT

TRANSLATED FROM THE FRENCH

BY

DONALD GKANT
TECHNICAL CHEMIST

LONDON

SCOTT, GKEENWOOD & SON
"THE OIL AND COLOUR TRADES JOURNAL" OFFICES

8 BROADWAY, LUDGATE HILL, E.G.

CANADA: THE COPP CLARK co. LTD., TORONTO

UNITED STATES : D. VAN NOSTRAND CO., NEW YORK

1907

[The sole right of Translation into English rests with

Scott, Greenwood <L- Son]





V

TRANSLATOR'S PREFACE

POLEMICAL parts of this book form a contribution to a con-

troversy which is being carried on as vigorously in France and

other continental countries as in the United Kingdom and the

United States. It is hoped that English-speaking combatants

will find here some valuable ammunition for their warfare.

Many painters will agree with the author that white lead as a

paint basis is unrivalled, even with the serious drawback of

darkening under the action of sulphuretted fumes, and the

danger from lead poisoning by reckless handling. With reference

to Stas' saponification theory, it is well to bear in mind that

linseed oil contains free fatty acid, which plays an important

part in white lead paint. It must not be forgotten that it

is for the advantage of those interested in inert white lead

substitutes to claim that white lead is itself inert.

As to the practical portions of the work, especially the

sections on paint grinding, the translator believes that they

fill a somewhat conspicuous gap in our special literature of

the subject. It will be noted that in the matter of pack-

ages French practice differs to some extent from our own.

The application of stiff paint as an enduit, or continuous

layer, to ensure a smooth surface, as done in France, is not

331281
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practised in Britain, except as far as "filling up" is con-

cerned. Our only equivalent for the enduiseur is our

painters' labourer. It would be difficult to get such a thick

layer as an enduit to dry in our climate.

DONALD GRANT.

LONDON, October 1907.
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THE MANUFACTURE AND
COMPARATIVE MERITS OF WHITE
LEAD AND ZINC WHITE PAINTS

CHAPTER I.

THE FUNDAMENTAL PRINCIPLES OP PAINTING IN OIL.

A COAT of paint is applied, in the building and constructive

trades, generally, with two objects in view. The first

function which the coat of paint performs is to impart a pre-

determined colour to the object to which it is applied; the

second function is to preserve that surface against the weather.

Such a coating ought, therefore, to possess very special

properties. It should be perfectly opaque, or, as is said

in the trade, it should have such good covering power, as to

hide completely the colour, natural or artificial, of the surface

beneath it. It should be impermeable, so as to protect the

surface against rain, when it is a question of outdoor work
;

and against condensed water, in the case of indoor work.

Finally, it should be resistant, because in outdoor work it is

exposed to the erosive action of the wind, dust, and rain
; and

in indoor work to the friction of scrubbing. Moreover, all these

different properties should be obtained by the application of a

very thin coat of paint, so that its application does not dis-

i



3- WHITE LEAD .AND ZINC WHITE

figure the surface, by filling up the hollows, and thickening the

parts in relief.

Paint, ready to be applied by the brush, consists of a mixture

formed by (1) a basis or foundation intended to impart body
to the paint. This basis may be either white lead or zinc white.

(2) A coloured substance, in as fine powder as possible ;
it is

generally an ochre, an oxide, or a metallic salt. (3) Linseed oil,

or any other drying oil, which they are in the habit (in France)
in the painting trade of terming, very improperly, Imile grasse

(poppy, oeillete, sunflower, etc.). (4) The whole is diluted

with a volatile oil, spirits of turpentine, which at the present

day is often replaced by heavy benzols, or by white spirit

(light petroleum spirit).

Each of these constituents plays an important role :

(1) The basis or fundamental part of the paint ought to

be perfectly white, so that the colour added to it to produce

a certain tint or hue is in no way modified. This applies

with the more force, as the necessity is greater to obtain

very delicate and very fresh tones. The white lead industry,

and the zinc white industry, having adopted the excellent

practice of delivering these products, in the form of a paste in

oil (stiff paint), the painter ought to be on his guard to see

that this stiff paint is perfectly homogeneous, very finely

ground, and neither of too firm nor of too soft a consistency.

To determine the consistency of stiff paint, a sample is taken

from the keg, or other vessel, in which it is contained, by
a painter's knife. A sample should be obtained, which is

cohesive, and terminates in a point. This point should be

straight, and only slightly inclined at its drawn-out end.

On the other hand, the hollow produced in the bulk of the

paint in the keg should retain its shape, and only disappear

in course of time or by jarring the keg. When the soft

paste tends to flow from the knife, it is described by saying

that it is
"
stringy," that is, it contains too much oil, and may
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thus yield coats of paint with too little covering power. On
the other hand, when it prises up in bulk, it is said to be too

dry, and gives liquid paints which require too much oil
;
this

can never be so intimately mixed, as by grinding, and the

resulting paint therefore does not dry so well as it should do.

It is, however, necessary to state that the manufacturers of

these stiff white lead paints all keep to within an almost per-

fectly uniform degree of consistency, and, if they do make them

a little more soft, or a little more dry, than the average, it is

only to meet the requirements of a special customer. These

stiff paints should dry well in themselves.

(2) The tinting colours should be in an almost impalpable

powder, so as to admit of their being intimately mixed with

the base, and form a perfectly uniform shade
; moreover, they

should not act in any way, either on the base or on the oil.

Sulphides should therefore, from this point of view, receive

special attention, because they may act on the white lead, and

convert it into (black) lead sulphide. A good number of such

sulphides are injurious to oil, because they induce in it a sort

of vulcanisation, which deteriorates it.

(3) The oil most generally employed is linseed oil. Good

linseed oil for paint mixing should be perfectly limpid, of a

fine golden yellow colour. Its density should be between 0'930

and 0'935. The oldest oil is the best, because it is most free

from the mucilaginous ingredients, which it contains in the

fresh state, and also because it dries better. Moreover, it is

well to ascertain that the oil used has been got by pressure,

and not by the exhaustion of the seed by the aid of a

solvent. This latter process, in fact, has the inconvenient

defect, as far as regards linseed oil for paint purposes, of

yielding a product containing all the fatty matters present in

the seed, some of which do not dry. Linseed oil dries better

in proportion as there are present in it fatty acids of the

type C18tP0 2
(linolenic isolinolenic, linusic isolinusic acids)
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and less oleic acid. The mixed fatty acids which can be

separated from good linseed oil are present in the mixture in

the following proportions per cent. :

Per Cent.

Linolenic acid . . .
-

. . 15
Isolinolenic,,...... 65
Linoleic . . . . . . 15
Oleic 5

100

On the face of it, there is nothing absolutely definite in this

composition. It varies according to the source of the seed from

which the oil was expressed ;
it varies with the time that has

elapsed since its expression from the seed, because, exposed to

the air, the oil undergoes a rapid oxidation, which partially

transforms the above acids. Everyone knows that the drying
of linseed oil is not due to the evaporation of a volatile portion

of the liquid, but to the absorption of oxygen, which transforms

all the fatty acids into oxylinoleic acid (C
16H-5 5

),
which

would appear to be the last and most stable term to which

linseed oil can naturally attain. This oxidation goes on more

rapidly in a warm atmosphere than in a cold one
;
but a mild

temperature should not be exceeded. Linseed oil, heated to

about 250 C. (482 F.), loses some of its drying power,

although it becomes thicker when it is kept for a sufficiently

long time at that temperature.

Oxylinoleic acid, prepared in quantity, forms a transparent,

more or less dark yellow, resinous mass, endowed with a certain

amount of elasticity. When a layer of oil, which dries

naturally, is spread on a piece of glass, it is rapidly covered by
a dry pellicle or skin, which is precisely due to the oxidation

just being discussed ;
but if the layer of oil be rather thick,

the portion under the skin takes a rather long time to dry.

This is due to the fact that the pellicle in question forms an
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obstacle to the passage of the oxygen of the air. The same

thing occurs when the oil is applied in the form of paint,

which further justifies the principle enunciated above of only

applying paint in very thin coats. Oils which dry naturally

have here been discussed intentionally, because oils are made

in the trade, the drying propensities of which are considerably

increased by boiling, for a greater or less length of time, with

metallic oxide or salts. Of these latter the most generally used

are litharge, red lead, peroxide of manganese and borate of

manganese, dehydrated zinc sulphate (white copperas). The

exceptional drying power of those oils, to which painters apply

the general term " boiled oil," arises from the fact that there is

produced, in their preparation, metallic salts of the above fatty

acids, which rapidly solidify. These boiled oils often enter

into the composition of paints so as to increase the drying

propensities of the natural or raw oil in a proportion varying

from 3 to 5 per cent, of the latter.

(4) The three ingredients, base, colour, and linseed oil, form

the essential constituent elements of the paint ; but, as it is the

solid matter which gives the covering power, the oil being

naturally transparent, even when dry, it ought to enter in a

determined ratio in proportion to the amount of oil. But the

paint so reduced is too thick to be laid on by the brush. It

is therefore thinned by a volatile fluid, by means of which it is

brought to the fluidity desired for easy working. When once

applied, and spread out under the brush, this volatile matter

disappears by evaporation, and the very thin layer of paint

only contains the three elements above mentioned.

The liquid most generally used is spirits of turpentine, which,

recently distilled, is a colourless liquid, possessing the character-

istic smell of turpentine, and a density of 0'860 ;
its boiling-point

lies between 156 and 157 C.

When it boils above this temperature, the spirit has been

sophisticated by the addition of rosin, or rosin oil, or, again, it
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may be old spirits of turpentine. As it ages, it turns yellow,
and thickens, forming what is called "thickened turpentine,"

essence grasse, which is endowed with special properties, but is

not adapted for painting. The painter should therefore select

a colourless and very fluid spirits of "turpentine.

The less spirit of turpentine and more oil in a liquid paint

the more brilliant is the resulting coat of paint, and the painting

is said to be done with a good bodied paint (detrempe grasse)

inversely, the more spirits of turpentine and less oil, the less

brilliant is the coat of paint, and it is then said to have been

painted with a poor bodied paint (detrempe maigre). Fine flat-

surfaced paints are obtained by thinning down the stiff paint

with spirits of turpentine alone. The paint then contains no oil

but that present in the stiff paint, forming the base. But

good bodied paints yield much better coats, as far as durability

is concerned, than those formed by poor bodied paints.

It has often been proposed, especially when spirits of

turpentine is dear, to replace it by heavy benzine, and even

by petroleum spirit, but painters much prefer spirits of

turpentine. The partisans of benzine and white spirit proclaim

the superiority of these products, because their evaporation

is more rapid, more complete, and without residue
;
whilst

spirit of turpentine evaporates more slowly, and tends to

resinify, in contact with the air, thus introducing a deteriorating

agent into the paint. The partisans of spirit of turpentine

attribute to it the property of accentuating the drying pro-

pensities of the oil, always of great benefit in painting. It

follows in regard to this point, from numerous tests made

by the author, that by using a good, recently distilled, spirit of

turpentine, no deteriorating resinification will occur in painting

therewith. Moreover, the resulting paints were easily applied,

the brush gliding, as it were, of its own accord. With benzine

and white spirit the paints had always the feeling of being too

dry, and more hard to spread, this applying to paints made
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normally as above. The author then thinned the paints with

oils, thickened to a certain body, by boiling, and, in that case,

benzine and white spirit did not show any difference from

spirits of turpentine, either as regards application, or the

durability of the resulting coats of paint. It seems, therefore,

ceteris paribus, that the superiority of spirit of turpentine, lies

in the greater facility with which the paint can be applied, this

liquid having, so to speak, greater unctuosity than the rivals

opposed to it. Thus, in using the latter, it is necessary to

watch the proportions in which they are made to enter into the

paint, so as to leave therein an unctuosity corresponding to

that which would result from the use of spirit of turpentine.

Paint is generally prepared by grinding the base in oil, the

colour is then incorporated, and, finally, spirit of turpentine is

added to bring about the desired fluidity. The paint is said to

be thinned. If a brilliant paint be desired, the proportion of oil

to spirit of turpentine is increased
;

if the coat of paint should

be very brilliant, raw oil is mixed with the boiled oil, and,

reciprocally, less spirit of turpentine is used. To obtain flat

coats, the stiff paint is thinned with spirits of turpentine alone,

or with very little oil.

Strictly definite proportions for producing perfectly good

liquid paint cannot be given. Each of the elements of which

it is composed not only vary at the will and with the skill of

the practitioner, but vary also with the nature of the materials

placed in mutual contact. It has just been said that the ratio

of oil to spirit of turpentine varies with the degree of lustre-

which it is desired to obtain
; if, on the other hand, the bases

most generally used, white lead and zinc white, show only

slight, almost inappreciable, differences from one factory to

another, it is not the same with the tinting colours, which not

only exhibit great differences amongst themselves, but also

differ according to the firm from whom obtained. These

products can be obtained in variable molecular conditions.
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Now this physical property has a great effect on painting

materials. It is perfectly well recognised that for any given

powder, the lower its apparent density the greater will be its

spreading power, and the more oil it will require to form a

paint of a given fluidity. Thus, as far as products made by

precipitation are concerned, this density may vary almost

infinitely, which explains why a certain product may require

a " thinner
" more or less rich in oil. That is, moreover, the

rationale of the methods of working of those painters who,

when they thin paints, never do so by weighed quantities, but

only by volume, which they gauge by the eye. Whilst

admitting that there are many cases where it would be difficult

to work otherwise, it is a matter for regret to see this operation

conducted in such an empirical or rule-of-thumb way, even

with products possessing perfectly constant physical properties,

such as the bases white lead, zinc white, and a good number of

tinting colours.

This chapter may well be closed by a few remarks on driers,

which are almost always added to paint. As the name indicates,

driers are intended to hasten the drying of the raw oil entering

into the composition of the paint vehicle. The driers used

in painting are of two sorts liquid driers and siccatives in

powder. The first is formed from oil, boiled with a salt of lead

or of manganese, and generally thinned with a greater or less

amount of spirits of turpentine. When paints are intended

for application in localities, where they may be exposed to

sulphuretted hydrogen emanations, the use of lead driers should

be forbidden, so as not to blacken the paint by the formation of

lead sulphide. Manganese driers are used in such cases.

Solid driers, generally termed "zumatic driers," (siccatives), are

made by the intimate mixture of an inert, pulverulent product,

such as carbonate of lime and finely pulverised litharge, or of

dry white lead. As siccatives of this category are liable to

blacken under the action of sulphuretted hydrogen, lead driers
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are replaced by manganese driers, and principally by borate of

manganese. Driers are added to the paint, in minimum pro-

portions, in the ratio of 3 to 5 per cent, of the raw oil which

they contain. Certain painters lower even this figure by using

the same proportion calculated to the whole paint.

Liquid driers ought to be preferred to driers in powder form,

because their admixture with the paint is far more intimate, and

consequently more uniform. Paints with a white lead base and

the tinting colours of which are also lead salts, such as lead

chromate, red lead, etc., require no driers, being sufficiently

drying in themselves.



CHAPTER IT.

THE DIFFERENT VARIETIES OF WHITE LEADS.

THE DUTCH PROCESS GRINDING WHITE LEAD IN OIL.

TT7HITE lead has for a long time been the exclusive basis

of all oil paints, in virtue (1) of the body which it

imparts to the paint, (2) of the drying property which it

imparts to the oil, and (3) of the resistance which it presents
to the action of atmospheric agents. It was known in the

most remote antiquity. The Greeks and the Romans knew
how to prepare it. After them the Arabs produced it success-

fully. But the cradle of its industry would appear to have

been Venice, which for a long time had the monopoly of its

manufacture, whence it passed into Austria, into Holland,
into England, and finally into France, where its preparation
did not assume a manufacturing scale until the beginning of

the nineteenth century.

White lead is a salt of lead, which is too often wrongly

regarded as a carbonate of lead. It is really a hydrocarbonate
of that metal, with the formula 2C0

3Pb,PbOH2 ; however,
this formula must not be taken but in an altogether general

sense, for it corresponds to the product with the composition
of 31 per cent, of hydrate to 69 of carbonate. Whereas

these proportions not only vary from one process of manufacture

to another, but the proportions even vary in white lead made

by the same process; by the Dutch process, for example,
from one operation to another, white leads are obtained con-
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taining 26 to 35 per cent, of hydrate, arid 65 to 74 per cent,

of carbonate. Whatever be the method of manufacture, the

goal aimed at is always to obtain the salt of lead which

corresponds to the above formula, variations excepted, within

the indicated limits of the percentage of the two constitutive

elements of white lead. Many- processes are in existence for

the production of white lead yielding products of rather

variable quality. They may be classified as follows :

1. Dutch process. This is by far the most generally used in

white lead producing countries, and particularly in France,

because it yields quite a superior product for painting,

principally with regard to covering power. From the fact

that this process yields an excellent product, it was for a

long time believed, and is still frequently believed, that the

best white lead comes from Holland. That is a grave error,

for French manufacturers produce white lead which can

compete with the best brands of the whole world, whilst, on

the other hand, the small amount of white lead made in

Holland is of inferior quality, being almost always sophisticated

with sulphate of baryta,

2. The French or precipitation process, more generally

known under the name of the Clichy process, was invented

by Thenard in 1801. This process has never given but a

secondary quality of white lead, in spite of the important

improvements which have been successively brought to bear

on the method. Moreover, the few factories using this

method likewise make white lead by the Dutch process, and

always sell this latter at a higher price than the white lead

they make by the Clichy process.

3. Hot cltamoer process. This method, very common in

German}-, is a variation of the Dutch process, in which the

natural heat disengaged by fermenting farmyard dung is

replaced by artificial heat from a fire. The white lead thus

obtained is good, but less esteemed by the painter than white
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lead by the Dutch process, in spite of the fact that it is

generally of a purer white than the latter.

4. Krems process. This is another variation of the Dutch

process. As its name indicates, it was first adopted at Krems,
from which it spread through Austria into Germany. The

heat produced by fermenting farmyard manure is replaced

by that generated by the fermentation of the marc of wines

(grape skins, etc.). The white lead thus produced is very

good, it is of a particularly brilliant white
;

it is still often

termed Krems white in trade. In Austria, where this method

is very well conducted, the finest scales of white lead are

selected to form quite a special quality, known under the

name of silver white, which is used in fine painting.

5. English method. This process is based on the simul-

taneous action of acetic acid or lead acetate, and carbonic

acid on litharge. A rapid method of manufacture is thus

obtained, but the white lead which results is less dense,

covers less, and is, consequently, less appreciated than that

furnished by the Dutch process ;
the latter process, therefore,

seems to be the most generally used even in England.

DUTCH PROCESS.

This process, being by far the most general one, it will be

described in some detail. It rests on the following principle :

Metallic lead submitted to the combined action of the air and

of acetic acid forms a basic acetate, which, in presence of

carbonic acid, yields hydrocarbonate of lead and neutral

acetate of lead
;

this latter is decomposed to a great extent

by the moist carbonic acid produced by the fermentation of

organic matter farmyard dung, spent tan, wine marcs (grape

skins), and often by a mixture of these different materials.

This fermentation produces a temperature which may reach

80 and even 100 C. (say, 176-212 F.).

As to the industrial application of this principle, an applica-
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tion which has not, with the exception of a few details, varied

for over a century, it comprises the following operations :

(a) the preparation of the lead to be converted
; (b) building

the stack ; (0) the management of the stacks during the progress

of the conversion
; (d) dismantling the stacks.

Preparation of the lead. The lead is converted either in

the form of sheets or gratings. The latter is the form most

frequently adopted, because it exposes a larger surface of the

metal to be attacked. The lead used should be of premier

quality, and preference is generally given to soft refined. If

sheets be used, the sheets are cut up into pieces of about 50

to 60 centimetres in length (say, 20-24 inches) by 10 to 20

centimetres in width (say, 4-8 inches), and 2 centimetres

thick (say, J inch). If the lead be used in the form of

gratings, it is melted in a hemispherical pot, about 40 inches

wide, and it is run into moulds having the form of the gratings

which it is desired to obtain.

The melting should be conducted in such a way that the

lead fumes, very feeble it is true, which may be disengaged,

the lead being at the temperature of about 400 C. (752 F.),

do not incommode the workmen. The melting-pot is therefore

placed under a hood with a good draught ;
some factories even

push this hygienic measure so far as to instal a fan above the

hood to propel the vapour in question a long way off into

the open air. It is a very laudable precaution, the adoption

of which cannot be too strongly urged.

Erecting the stacks. The stacks or pits constitute the

apparatus in which the chemical reaction is produced, namely,

transformation of the metallic lead into hydrocarbonate. A
stack consists of a rectangular excavation made in the soil to

the depth of about 5 feet, and is continued above ground

by solid walls in masonry to the height of about 10 feet.

On the front of the stacks the wall does not entirely cover

that side, so as to leave a free passage for building the stack.
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As to the superficial dimensions given to the stacks, they vary
somewhat in different factories, being about 16 feet in width,
with a length of 16, 32, and 48 feet.

In building a stack, the workmen entrusted with the job
first spread a layer of farmyard dung on the floor, 40 centi-

metres (say, 16 inches) thick, then on that layer they arrange

glazed earthenware pots containing dilute pyroligneous (acetic)

acid marking 3 B. If sheets of lead are used, they are

introduced into the pot, the interior of which is so shaped
that the lead does not come in contact with the acid, and

the pots are themselves covered with a disc of lead forming
a lid

;
if lead gratings be used, they are simply placed on

the pots, the one above the other. In both of these arrange-

ments, the pots are placed the one against the other, and thus

cover the whole surface of the bed, leaving simply, between

the sides and the first range of pots, an open space of 16

inches, which is filled with dung.

A first bed or layer of pots being thus made with lead, in

sheet or in gratings, cross-beams are placed above it, and these

support, in their turn, a floor of boards covering the whole of the

surface of the pots. On this floor another layer of dung is made
as in the bottom of the stack, on which is installed a new bed or

layer of pots, lead, cross-beams, and boards, as made in the

sole of the stack, and so on until 8, 9, or 10 superimposed rows

of pots are built up. The bay of the wall, leaving passage to

the workmen who built the stack, is closed up, and the stack

left to itself
;

it is, be it well understood, finished off on the

top by a layer of farmyard dung.

Finally, it must be mentioned that in building up the stack

a chimney is formed in the centre, to carry off the vapours.

This arrangement of the stacks corresponds well, it will be

seen, with the principle of the reaction, which has to be

brought into play. The heat, disengaged by the fermentation

of the dung, causes the acetic acid contained in the pots to
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evaporate, and these vapours, concurrently with the air stored

between the floorings and the pots, attack the lead at the

same time that the carbonic acid, also disengaged by the

fermentation of the dung, fixes itself on the basic acetate, so as

to produce hydrocarbonate of lead.

Note. The factories which still work with lead sheets use

a pot of a special shape. In the interior of the latter, and

half-way up, there is a circular rim, on which lies the sheet of

lead, rolled into the form of a spiral, whilst the dilute acid,

placed in the bottom, rises up to within a few centimetres

of the above-mentioned rim. These pots generally have the

following dimensions : depth, 24 centimetres (say, 10 inches) ;

top diameter, 15 centimetres (say, 6 inches); bottom diameter,

10 centimetres, (say 4 inches). With their somewhat rounded

shape, they somewhat resemble laboratory crucibles.

When the lead is in gratings, and that is the most general

form in the white lead works of the present day, the pots are

absolutely uniform in the inside
;
and their depth is only

about half, say about 12 centimetres (say, 5 inches). Their

capacity then is still amply sufficient for what acid they have

to contain, the latter not filling them completely.

The conversion of the lead is so much the more complete

the less the weight of this metal on the pots, in other words,

per square metre of the surface of each of the beds in the

stack, but the latter would then assume enormous dimensions,

thus necessitating vast working space. To economise space,

therefore, the pots are covered with several intercrossed

gratings ; and, it may be stated, in a general way, that there

is introduced into the stack, on an average, double the weight

of lead to that which corresponds to the chemical reaction

which it is sought to accomplish.

The farmyard dung employed should be horse dung, and it

is necessary to avoid that of carnivorous animals, such as the

pig, for example. Such dung disengages sulphuretted hydrogen,
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forming black lead sulphide. Horse dung itself, also, it is

true, disengages sulphuretted hydrogen, but in such a small

quantity as not to injure the whiteness of the white lead;

moreover, many white lead manufacturers assert that the

traces of lead sulphide thus produced impart to the white lead

a more considerable covering power than when it is absolutely

exempt therefrom. The dung can be used twice
;

it is pre-

ferable, however, to mix a portion of that previously used with

fresh dung. Farmyard manure is to-day, to a large extent,

replaced by spent tan, the process coming, it is said, from

England; this product has many merits. (1) It is a more

appropriate substance, and more hygienic for the workmen

entrusted with building up and dismantling the stacks.

(2) As it disengages no trace of sulphuretted hydrogen, it

always yields a very white white lead. Finally, the exhausted

tan can serve as fuel, in white lead factories, in furnaces

specially constructed for its combustion. On the other hand,

the fermentation of spent tan being much less active than

farmyard dung, the work of the stacks last, with the first, two

and three months, whilst, with the second, it is finished at the

end of six weeks.

Again, in some white lead factories, the work is done with

a mixture of farmyard dung and spent tan, with the view of

profiting from the advantages accruing from the use of both

these products. The author does not believe that this method

of working is to be recommended, but that it is better to adopt

exclusively one or other of these substances. Fermentation is

always more homogeneous, and the working of the stacks more

uniform.

The working and management of the stacks. This is assuredly

the most delicate part of the manufacture, and is generally

only entrusted to an experienced foreman. It is by means of

the chimney, arranged during the formation of the stack, that

the progress of the reaction is regulated. The vapours are in
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fact disengaged by this chimney, so the opening should be

regulated so as only to let the vapour of water (i.e. steam) escape,

and not to lose any pyroligneous acetic acid vapours. The

interior temperature of the stacks should vary from 60 C. to

70 C. (140-158 F.) during the first three or four weeks; after

this period the temperature lowers notably, and then, the

chimney is completely closed. It is especially by the appear-

ance of the vapour, which escapes, as well as its smell, that the

white lead manufacturer recognises the good working of the

operation ;
but this rule-of-thumb method is the cause of

numerous mistakes, and the most experienced white lead

manufacturers are not absolutely sure of their product until

the stacks are dismantled and they may "spoil an operation,"

in spite of all the care brought to bear upon it. By
"

spoiling

an operation," it is to be understood that the stack does not

produce the desired quantity of white lead, and that the scales

which it yields are neither white nor thick.

The exterior temperature likewise exerts a notable influence

on the progress of the operation. It will be conceived that, in

summer, fermentation is more active than in winter, and

requires, therefore, to be followed with much greater attention.

The yield is also better the less the quantity of metallic lead

placed on the pots; but then the cost price is increased (1)

by the greater amount of space occupied by the stacks
; (2)

by the labour entailed in building them. Therefore the

amount of metal per superficial metre of the stack is always

forced, and it is taken that the latter transforms 40 to 60 per

cent, of the lead with which it was fed, producing then 50 to

75 Ibs. of white lead per 100 Ibs. of lead treated.

Dismantling the stacks. It may be said that the dismantling

of the stacks is the converse of the building of them. It will

only be necessary, therefore, to insist on certain quite special

points of this operation, which are of particular interest as

regards the health of the workmen. The dismantling of
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a stack consists, therefore, in lifting off the upper coat of dung,

the boarding, and the cross-pieces ;
that done, the metal comes

in sight, covered with a more or less thick layer of real scales,

which constitute the white lead. At this stage of the dis-

mantling process, the gratings covered with white lead are

drenched with water so as to avoid the formation of white lead

dust. Workmen, with hands covered by indiarubber gloves,

raise the gratings, place them in wooden boxes, which are

deposited in trucks or in small waggons to transport them to

the adjacent workshop.

Separation of the scales. As mentioned when discussing

the yield, the gratings or sheets of lead are not entirely trans-

formed into white lead. The metal is more or less deeply

attacked, carrying, therefore, a more or less thick layer of scales
;

but the core still consists of unconverted metal, which has to be

removed. For that purpose, a mechanical process is adopted,

which consists in passing the plates through a laminator with

grooved rolls. Each white lead manufacturer possesses for

this purpose his machine, more or less perfect, but which ought

to fulfil the following requirements : A workman with gloves

on throws the plates covered with white lead, which he brings

in the boxes above mentioned, into a bin. From this bin, the

plates pass between the grooved rolls
\
the lead is, in a sort of

way, scraped, and falls on to a cloth, from which a second

workman, also with gloves on, seizes it to throw it into a

receptacle of some sort. This lead, remelted, is used to make

new gratings and new plates. As to the white lead, it is trans-

ported, automatically, by the cloth into a chamber, from whence

it is afterwards taken to pass through the grinding mills. The

machine for stripping the lead should be connected with a fan,

which removes all the fine white lead dust, so that the men,

whether occupied in feeding the lead covered with scale into

the machine, or, in freeing the band from the stripped metal,

are not liable to come in contact with white lead dust.
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Again, according to the method of manufacture, and the

method of stripping, the white lead is separated with a larger or

smaller quantity of comminuted dust. This dust must, there-

fore, be the object of special supervision, and be aspirated

by fans, special to the places where it is formed, to be stored,

immediately and automatically, in perfectly closed reservoirs.

Grind-ing the white lead scale in water. Arrived at the point

just indicated, the white lead is finished, as far as chemical

reaction and separation from the white lead is concerned, but

it cannot be put on the market in that form, and it must be

reduced to a very fine powder. Hence the necessity of subject-

ing it to energetic grinding. This operation is conducted in

stone mills, analogous to those used for grinding wheat into

Hour. The scales of white lead submitted to this grinding are

abundantly moistened with water, so as to form a paste, and

it is this paste which is fed into the mills. The formation

of injurious dust is thus avoided. To obtain an impalpable

powder, the white lead passes through several mills in succession.

Certain factories repeat the operation eight times. Generally

the paste, ground by the first mill, is seized by a conveyor of an

appropriate form, which carries it to a second mill, from the

latter the paste passes in the same way to a third, and so on,

up to the last grinding apparatus. These mills, when the

operation is Avell conducted, are adjusted so that each of them

effects a finer and a finer grinding. It is often said of these

mills that they are arranged in " cascade
"
form.

In the early days of the manufacture of white lead it was

thought the workmen could be perfectly protected from white

lead dust by the fact that the white lead was ground as a

water paste. The observations of several manufacturers,

careful of the hygiene of their staff, have demonstrated (1) that

the splashes from the mills projected on the ground, and

on the clothes of the white lead workmen, were not long in

drying and forming the dust which it was sought to avoid;
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(2) that during great heat the substance heated under the

stones and a little water evaporated, with a characteristic

odour of lead.

To obviate the first inconvenience, the mills should be com-

pletely enclosed, likewise all the conveyors carrying the

substance to the next mill. To remedy the second in-

convenience, it suffices to fix, above the cover of each mill,

an appropriate aspirator and expeller of the vapours above

the roofs of the factory, where they are lost in the open air

without any inconvenience.

As it issues from the last mill, the white lead ground to

paste takes two different directions, according to whether

it is to be put on the market dry, or converted into stiff paint.

It may at once be mentioned that it is in the latter form that

its use is most developed, and it is in that form that most

white lead manufacturers deliver it. Nevertheless, certain

industries, such as enamel works, potteries, oil boilers, etc.,

require dry lead in powder, which obliges white lead manu-

facturers to produce a certain quantity, which, it may be stated

once more, is quite a minimum one, compared to that which is

delivered ground to a stiff paint in oil.

Moreover, certain manufacturers or colour merchants prefer

to buy dry white lead in powder, and to grind it in oil

themselves. They thus pass for manufacturers, give to their

product a special mark, and can, at the will of their customers,

mix their white lead with a larger or smaller amount of

sulphate of baryta (barytes), thus forming different numbers or

qualities.

The system of Customs duties between different countries,

moreover, encourages the grinding of white lead in powder.

Without entering into details, as to the Customs duties between

France, Germany, Belgium, Switzerland, etc., it may be said

that when these duties are five francs (four shillings) on the

product ground on oil, they are only two to three francs (one
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and sevenpence to two and fivepence) on the dry product. It

follows that the German grinders, amongst others, often buy
from French or Belgian manufacturers the excess of their pro-

duction of dry white lead in powder, to grind it themselves.

On their side, the French grinders go to the Germans. In

each country the white lead manufacturers are thus forced

to sell white lead in powder, as a raw material without a trade

mark, and at small profit, in such a way as to leave a remunera-

tive margin on the selling price of white lead ground in oil,

without indication of origin. It will be seen further on, in

regard to grinding white lead in oil, how white lead is ground
into a dry powder.

Preparation of wliite lead as a dry powder. White lead

finely ground in water paste form, as it issues from the last

mill, is deposited in the dishes placed in stoves heated by steam

to a temperature of about 80 C. (176 F.). These stoves should

be perfectly ventilated, not only to accelerate the drying, but

to drive away the moist vapour which, as already mentioned,

presents a very marked smell of lead, and thus forms a pro-

duct very injurious to the health of the workmen entrusted

with placing the dishes in the stove, and taking them out again.

After five or six days the product is perfectly dry, and

in the form of cakes, rather hard but very friable, and of a

peculiar unctuosity to the touch. These cakes must be

pulverised. They are taken by a workman, who reverses

the dishes into a hopper, at the bottom of which is a screw

conveyor, which, whilst crushing the material, carries it to a

grinding machine.

As in the separation of the scales from their gratings, it is

advisable to provide the hopper with a fan, which carries any
white lead dust that may be formed far away from the operator.

As to the pulverising machines, the models in vogue are very

numerous; they almost all consist of crushers, which revolve

at great speed, in which the iron or steel blades energetically
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strike the material so as to break up completely the agglomera-
tion produced in drying, and to restore to the white lead the

fineness which it had when in the state of water paste. Certain

of these disintegrators are even fitted with sifting gratings,

which only allow products of a certain degree of fineness to

pass, whilst the tailings pass into a special receiver and are

again passed through the disintegrator.

Without discussing the value of these machines, some of

which work well, and yield a product of remarkable fineness,

it may be safely asserted that one cannot be absolutely assured

of a good final product, except by passing the powder furnished

by the disintegrator through a sifting machine. This latter

apparatus presents no very special feature. It consists, like

all sifting machines, of revolving sieves, furnished with wire

gauze of different numbers according to the degree of fineness

desired, the tailings or core being again passed through the

disintegrator. It need only be stated that the sifting machines

should be perfectly close, and not allow any dust to pass through,

and that the tailings should run into a special chamber, also

closed, from whence an appropriate conveyor should carry

them to the disintegrator. As, in spite of the precautions

indicated, the sifting produces large quantities of dust
5

all

spreading of such in the surrounding atmosphere is avoided by

furnishing the sifting machine with an aspirator at the entrance

and the exit for the material, or even on the body of the

machine.

Sifting machines may be replaced by blowing machines, in

which the force of the current of air entrains the white lead to

the collecting chamber, where it forms a mass reduced to an

impalpable powder. Blowing machines comprise fewer moving

organs, and are generally made of wrought-iron, which admits

of their being rendered absolutely hermetical.

It may be added that certain factories, that of M. Expert-

Besancon, of Paris, amongst others, combine both pulverisation
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and blowing in one machine. This apparatus is made of

wrought-iron, and is absolutely tight ; moreover, it has a strong

aspirator, both on the feeding hopper and on the discharge

exit
;

all air charged with dust, which issues from this aspirator,

is propelled into a depositing chamber, where a steam-jet aids

in precipitating the dust.

Finally, it may be stated that dry white lead is still delivered,

in very small quantities however, in the form of cylindrical

cakes resembling the sticks of chalk which are used in

schools. This shape is got by pressing the water paste

white lead and moulding it in the moist state, then drying in

absolutely the same way as the cakes laid on the dishes.

Once dry, these cakes are arranged in boxes, or in any other

form of package, and put on the market. It is well, it is even

indispensable, that the workmen, on whom devolves the labour

of insertion in the stove, and the withdrawal therefrom, should

wear gloves during the whole time of handling. It is none

the less advisable that packing be done in a well-ventilated

place, or even under a hood fitted with a fan, which removes

all the white lead dust, and propels it into a chamber, where

it may be collected, to be added to the powdered white lead.

The packing of white lead in powder merits special mention.

In a general way, this product is delivered in casks, and it is

necessary that the contents be well packed. This is done by
the use of presses, but here again it is necessary to take

great precautions. Alongside the barrel being filled, it is

necessary to arrange a hood, which, by means of a violent

current of air, entrains the dust towards a depositing chamber,

from which it is afterwards removed. In France this organisa-

tion is rendered somewhat difficult, because users of white

lead in powder are accustomed to receive this product in

casks of very variable net weight. In Germany, on the con-

trary, white lead manufacturers have adopted the excellent

method of delivering white lead in casks of an absolutely
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uniform weight and volume. It follows they can use

mechanical filling, which, by suppressing manual labour, in

great part, at least, avoids at the outset the dangers incidental

to barrelling the lead. The French makers are, however, to be

excused, as their production and their sale of white lead in

powder constitutes a very small proportion of their production,

10 per cent, at the maximum. Ninety per cent, of their pro-

duction is delivered in the state of a paste in oil (stiff paint),

the preparation of which now requires to be examined.

GRINDING WHITE LEAD IN OIL.

The painter, who is the largest consumer of white lead, has

been accustomed for a long time to use this product ready

made, that is to say, combined with a certain amount of oil,

which converts it into a stiff paste, that can be taken up by
the knife without the paint either running, or "

stringing," to

use the trade term, lip to the middle of last century, this paste

was made by mixing dry white lead in powder with a certain

amount of oil, preferably linseed oil, which dries best. As

already mentioned, there are a somewhat large.number of paint

manufacturers who buy white lead in powder, grind it in this

state with oil, and sell it in the state of paste (stiff paint),

either under their own name, with a distinct trade mark or

brand, or without name or brand.

The grinding in oil of white lead comprises two operations

(1) mixing; (2) grinding.

1. Mixing. Mixing consists in incorporating with the dry
white lead a certain amount of oil, generally 90 parts of dry white

lead in powder, with 10 parts of oil. The incorporation is effected

in a mixer. In principle this apparatus consists of a cylinder of

cast-iron, or of strong wrought-iron (body of the pug mill), in the

centre of which there revolves a vertical shaft fitted with heli-

coidal blades, which not only keep the matter in motion, but,

moreover, bring it from the centre to the periphery, by causing
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it to assume a turning motion, in the same way as the sock of a

plough in ploughing. The cylinder or body of the pug, which

is fixed, is often fitted with internal baffles, consisting of iron

rods projecting almost as far as the shaft. These baffles fixed

to the side of the cylinder are placed between the movable

blades in such a way that the material brought by the blades

strikes against the baffles and is stopped there. The next

blade seizes the slices thus produced, carries them farther on,

where they are subjected to the same treatment, causing perfect

mixture of the oil and powder. This apparatus presents a great

analogy with a cement mixer (pug mill), only it is not so long.

Mixers are vertical or horizontal
;
when vertical, their bottom

is often slightly rounded, and it is scraped by a helical blade

bringing the matter from the centre to the periphery (circum-

ference). A discharge door is fixed to the bottom of the

machine, and, when opened, the matter in the state of paste,

runs out naturally, by the effect of the lower blade. The

orifice of the door is fitted on the outside with a sort of gutter,

in cast-iron, which conducts the stuff towards a tub, or any

other vessel, when it is run out, as just mentioned.

Mixers are also made horizontal ;
the cylinder (or body) is

then horizontal, as well as the shaft fitted with blades. The

latter only is movable. A charging door is fixed on the upper

part of the cylinder, and in its lower part is a discharge door,

from which the matter runs out by its own weight.

Horizontal mixers exhibit the most varied arrangements.

There thus exist models much in use, the fixed cylinder of

which is divided along a certain diameter into two parts.

The top part opens to receive the material, the under part can

also be entirely opened to discharge the apparatus. As these

machines are generally very bulky, each of the movable parts,

charging door and discharging door, is fitted with a counter-

poise, in perfect equilibrum with the movable piece, to render

manipulation easy.
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What one should seek for in a mixer is the arrangement

enabling the contact of two materials, so essentially different,

in nature and density, as white lead and oil, to be renewed

every moment. Thus the author is a great partisan of

machines the work of which, if he may so express himself, is

as irregular as possible. In fact, when the apparatus works

regularly, as soon as the product being treated has assumed a

pasty consistency, the movable organs force a way through
this paste, and revolve without forcing the material to change
its position, consequently without mixing the whole mass.

Mixers, with blades in the form of a helix, especially when

they are furnished with fixed baffles, exactly avoid this in-

convenience.

It has been attempted to apply the principle of the

mechanical kneader or masticator, with blades of a special

shape to the mixing of white lead with oil, but the working
of these machines is too regular, and it is always the same
"
furrow/' so to speak, of pasty white lead which is being

"
ploughed," the rest of the mass remaining attached to the

sides. The vertical mixer, in which the shaft armed with

blades not only turns on itself, but describes a circular motion

round the whole cylinder, has likewise been recommended.

The apparatus designed so to act is very ingenious, but if it

does good work, its output is less, owing to the greater length

of path to be traversed by the parts in motion.

Whatever kind of mixer be used for the purpose of mixing

dry white lead with oil, there are some necessary precautions

to take at the time the mixer is charged with dry powder,

which tends to . diffuse through the surrounding atmosphere.

Two methods are utilised to obviate this grave inconvenience.

The mixer, especially when it is a vertical one, may be covered

with a jacket of supple leather, or any other absolutely im-

permeable fabric. At the time of charging the mixer, this

jacket, which completely envelops the cylinder body of the
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mixer, can envelop, at its other extremity, the cask containing

the white lead in powder. By tilting the cask, all the powder
runs into the mixer, without generating dust outside. The

jacket is not taken oil' the cask until some time afterwards,

when it is judged no more dust will be raised by lifting off the

cask. The mixer, as far as it is concerned, remains closed

by this jacket.

The second method consists in placing the mixer, under a

hood, in which a good fan is at work. The mixer can then be

charged by means of a shovel, all the dust being aspirated and

drawn into a depository chamber.

The mixer, being gradually charged with white lead in

powder, there is then poured on it, either gradually, or all ai

once, the amount of oil necessary to convert the white lead

into stiff paint. The oil used in France is linseed oil, or

poppy oil, and principally the latter, as will be seen further on.

As to the proportions in which this mixing is made, they are

generally the following : 90 per cent, by weight of white lead,

for 10 per cent, by weight of oil. Linseed oil is especially

used when dry white lead in powder is being ground ;
the only

plausible reason for this is that linseed oil is always consider-

ably cheaper than poppy seed oil. Some manufacturers justify

this preference, by saying that as linseed oil dries better than

poppy seed oil, the stiff paint itself also dries better. If the

above reasoning be correct, the motive is superfluous, for white

lead communicates to the oil very quick drying properties, and

it is useless, or almost so, that the latter should dry very well

by itself. Further, if the linseed oil dry very rapidly, such as

very old tanked oil, or oil oxidised artificially, it gives birth to

a paint which, to use the trade term,
"
strings," that is to say,

is somewhat fluid. The consistency (degree of stiffness) of

stiff white lead paint ought to be such that it can be taken up

by the knife, and form on the latter a slice without seams or

droppings.
"
Stringing

"
stiff paint may be avoided with the
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above oils, by diminishing the proportions given. Finally,
another inconvenience of linseed oil is to yield a white lead

paint, which, applied alone, turns yellow somewhat rapidly,

especially if the object to which the paint is applied is in the

shade.

The fact of this yellowing furnishes a very good means of

ascertaining whether the white lead has been ground in linseed

oil, or in poppy seed oil. The white lead to be tested is

spread on a glass slab or on a strip of tinned iron, which is

supported against a wall, sloping it, so that it does not touch

the wall. After a few days, the white lead is dry, and, if it

be examined, it will be observed to have a very decided yellow

cast, if prepared from linseed oil; it will, on the contrary,

appear white, if made from poppy seed oil.

What has been said of the defects of linseed oil, almost

obviates any indication of those of poppy seed oil. This latter

yields a white lead paint with very adequate drying properties,

which remains quite white, even when exposed to diffused

daylight. But white lead ground in poppy seed oil, once dry,

is less durable than white lead ground in linseed oil; the

latter is thus preferable for particularly durable work, as, for

example, in coach-painting. The duration of the mixing

process to obtain a fine unctuous paste is very variable. It

depends always 011 the energy with which the mixer works,

and also on the total quantity being mixed
; finally, it depends

also on the surrounding temperature, and of that of the

products white lead and oil. It may easily be shown that, in

summer, mixing with the same mixer is accomplished more

rapidly than in winter. The operation is also more rapid

when the mixer is well designed ;
and brings the constitutive

elements of the mixture in perfect contact.

It would be a mistake to believe that the greater the length

of time the mixing is prolonged, the better is the product.

When the operation is longer than is necessary, the mixture is
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certainly more complete, but the material in the end becomes

heated, in consequence of the rubbing to which it is submitted,

the quality of the oil is altered, and its combination with the

salt of lead gives rise to secondary fatty products, the formation

of which it is desirable to prevent. This remark is especially

applicable in working with linseed oil. Too prolonged mixing

ends in a paste with a tendency to string. In the white lead

grinding trade, the work of the mixer is regulated so that it

uniformly feeds the grinding, which is the succeeding operation,

and it may be said, in a general way, that a good mixer ought

to have accomplished its work in an hour at the most.

It is almost impossible to specify exactly the moment when

the mixing is terminated, owing to the various causes given

above, which influence this operation, but, with a little practice,

it is easily seized. It can easily be ascertained when the white

lead is well mixed, when it exhibits a pasty homogeneous mass,

without any dry particles or any free oil, and without any

lumps. At this point the blades of the mixer move freely in

the paste, and leave therein a sort of track which causes the

surface to resemble a series of drawn-out skeins of wool, with-

out, however, exhibiting any viscosity which would indicate a

stringy white lead.

2. Grinding is the operation which immediately follows

mixing. Its object is to finish and to perfect the work of the

mixer. Grinding is done in roller mills, sets of apparatus

which consist of three parallel cylinders or rolls in juxta-

position, with horizontal axes resting on a frame or foundation.

The shaft of the central roll rests, by its two extremities, in

fixed bearings, whilst the bearings which support the shafts of

the two extreme rolls are movable and can approach or recede

from the middle roll, this displacement having, however, but a

very feeble amplitude. This opening and closing movement is

imparted by very varied arrangements, but which all tend to

maintain the parallelism of the rolls as perfect as possible.
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It is generally the middle roll which is driven by the motor,
and it transmits the motion to the other cylinders by a system
of cog-wheels, the diameter of which are calculated so that the

central roll makes three revolutions, the back roll only one

revolution, and the front roll makes 'five. Above the two rolls

middle and back a hopper is fixed, into which the paste,

coining from the mixer, is fed
;

this hopper, the longitudinal

axis of which is placed in the line of separation of the two rolls

in question, bears in its interior, on the sides perpendicular to

the axes of the rolls, rounded pieces of wood exactly embracing
the rolls, and ending in sharp points capable of penetrating

slightly into the space (always very minute) which separates

these two rolls. These pieces of wood, which are often termed

pointes de coeur (centre points), are regulated by an adjusting-

screw, which enables them to rise or fall more or less according
to the distance between the rolls. Their effect is to prevent the

paste from spreading over the ends of the rolls, and thus to be

projected beyond them. The paste, falling betAveen the two

rolls, is, owing to the difference in their speed of revolution,

not only compressed but still further crushed, which in

augmenting the fineness of the paste gives the desired result.

In virtue of its greater speed, it is the middle roll which charges

itself with the greatest amount of substance, which it afterwards

delivers to the front roll, the latter, revolving at the greatest

speed, rapidly frees the middle roll from the paste with which

it is covered. Again, between the two last rolls the difference

in their speed of revolution produces simultaneous crushing

and compression which finishes the work of the two first rolls.

Finally, in front of each set of rolls is the blade of a knife,

which scrapes the substance, deposited on this front roll, and

allows it to fall into a wooden tub, from which it is taken

finished ready for filling into packages.

Ever since its invention, the roller mill has retained this

principle of its arrangement, but it has undergone numerous
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improvements. The opening out or closing up of the two

movable rolls (the front and back rolls) was accomplished, first

of all, by means of two adjusting screws, worked by hand

wheels acting on the movable bearings, at the end of each

spindle. This arrangement had the disadvantage of requiring

the workman to perform quite an identical manoeuvre on each

of these screws so as to bring about exact parallelism between

the two rolls. Later on, this double screwing was replaced in

a certain fashion by one only, and for that the bearings of the

two extremities of the same shaft are driven by a single axis

by means of eccentrics or endless screws. By working on the

spindle by a hand wheel, the two bearings are made to recede

or advance to identically the same extent. Finally, the use

of plummer blocks to support the ends of the spindle of the

rolls gives very good results in securing parallelism between

the rolls, an essential condition to good working.

In the beginning the rolls were made of cast-iron, but the

hardness of this substance was soon recognised as insufficient to

produce good grinding, and one of the great advances made in

the improvement of this machine was the substitution of

granite for cast-iron. At the present day, chiefly in the north

of France, manufacturers are going back to cast-iron rolls. But

they then use cast-iron which has been hardened specially for

the purpose, which in reality is in no way inferior to granite

from the point of view of this special property.

As granite rolls can only be made straight from one end to

another, it follows that the hopper or feed guards can never

be fixed completely tight on the two rolls which it covers, and

in spite of the wooden centre piece, the paste escapes and

shoots out all along the line of contact, falls outside the rolls, is

not ground, and it is necessary to collect it underneath the

rolls so as to pass it through them once more.

With cast-iron rolls, made from a pattern, constructed as

desired, an abutment can be adjusted to their extremities,



32 WHITE LEAD AND ZINC WHITE

against which the pointe de cceur rubs, and thus secures

complete tightness to the hopper. Finally, as even granite

rolls wear by this continual friction of the paste against them,

they must be redressed from time to time. Now the dressing or

turning of granite rolls is much more difficult to do than that

of cast-iron rolls, and can only be done by means of special

corundum mills.

One point is very much discussed in the trade, that is,

whether it is preferable to have perfectly smooth uniform rolls,

or rolls presenting a slightly granular surface. In Germany

they prefer the former
;
the rolls there are consequently made

of perfectly polished porphyry. In France the white lead

manufacturers who prefer cast-iron rolls also insist that they

be highly polished. This condition of the rolls, producing,

according to the manufacturers who adopt it, a grinding, which

is perforce very energetic, secures the greatest fineness in the

paste, since it is obliged to force a passage between two surfaces

which only leave between them an almost mathematical line.

Those in favour of granite rolls claim for this material, in

addition to the advantage of its hardness, that which it

exhibits of presenting surfaces formed, so to speak, of an

infinite number of alveoles, very shallow, it is true, but the

edges of which are very sharp, and thus divide the material still

further, which is, in fact, a form of grinding.

As far as the author is concerned, having used rolls on both

principles, he is of opinion that both are equally good, provided,

however, that the differences in the revolutions of the rolls be

judiciously applied in each case. With granular rolls, such as

those made of granite, the difference in speed of the rotation of

each of the rolls need not be higher than those indicated above,

and the author has many times found that the particles of

paste undergo a real tearing, as well as compression. With

highly polished rolls these speeds of revolution ought to

exhibit a greater ratio in proportion as the substance of which
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the roll is composed is more highly polished, consequently

this ratio ought to be greater for porphyry than for cast-iron,

and therefore greater for the latter than for granite. In that

case, in fact, if there be no tearing asunder of the particles of

the paste, there is compression, a rubbing-up, for which it is

indispensable to allow a sufficiently long time to obtain good
work.

As to the tightening of the rolls, the one against the other,

this depends on the degree of fineness which it is desired to

obtain, the latter being so much the greater as the tightening

up is stronger. It must not be exaggerated however, and it

should be done in a very gradual manner, so as not to block the

rolls, it being well understood that the more the rolls are

tightened up, the less is the output of the machine.

The white lead issuing from the rolls is finished, and ready
to be delivered to the trade. It must be mentioned, however,

that it is often passed through the rolls several times in

succession, so as to impart great fineness to it. However,

especially in grinding in linseed oil and old tanked oil, it must

not be passed through the rolls more than twice, otherwise the

white lead paint is liable to be stringy.

Stiff white lead paint, made as just indicated, is delivered in

casks, which are filled either directly as the material flows from

the rolls, or by lifting it, by the aid of shovels, from the wooden

tubs, into which it has fallen as it came from the rolls. When
the white lead is intended for immediate consumption, or not

exceeding about a month from the time when it was prepared, it is

packed in tight beechwood casks
;
these latter being adapted for

50, 100, and 200 kilogrammes, in round figures, say, in 1 cwt.,

2 cwt., and 4 cwt. casks. When, on the other hand, stiff white

lead paint in oil is intended to be used, only after the expiry
of a long time from its manufacture, it is packed in tinned iron

cylinders, perfectly closed, and the lid of which is soldered on.

These cylinders (or
"
silos," as the author also terms them,

3
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which are actually
"
tin

"
cans) are in turn packed in casks,

which then only serve to protect the metallic package, are

somewhat roughly made, and need not be tight.

Finally, when the white lead is intended for exportation and

France exports a large quantity it is well to fit the tin can

with a mouth, placed in one of its bottoms and closed by a cork.

This cork is fixed opposite a hole, placed in the bottom of the

wooden case, a hole which may likewise be closed by a cork.

This arrangement enables the Customs to inspect the goods

without having to spoil the package.

Stiff white lead paint, packed in wooden casks, is preserved

therein for rather a long time, especially if these casks have

already been used for the same purpose, because they are then

coated inside with a skin or pellicle of dry white lead which

effectually protects the matter contained therein. In new

casks stiff white lead paint in oil has a tendency to dry against

the sides, the sides of the casks absorbing a portion of the oil

contained in the paint. Left in contact with the air, stiff

white lead paint in bulk, whether in the cask, or in any other

vessel, is rapidly covered by a dry skin, which must be removed

and rejected to get at the paint beneath. But this inconven-

ience and loss may be obviated if care be taken to cover the

surface of the pasty mass with a thin layer of clean water. By
this means, stiff white lead may be preserved for practically an

indefinite period. However, white lead thus preserved, or

enclosed in hermetically closed vessels (soldered tin cans),

may become stringy after a certain time, which is expressed

by saying in trade language that the white lead is

poissante (which possibly corresponds with the English term

"tacky").

GRINDING IN OIL OF MOIST WHITE LEAD.

One of the most important steps in advance in the progressive

improvements brought to bear in the grinding of white lead
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in oil was to perform this operation by bringing directly to

the mixer (i.e. to the pug mill) the aqueous paste of white

lead issuing from the flatstone mills, and mixing it in the

pug mill, with the necessary quantity of oil. After a certain

time, the oil combines with the white lead and forms a greasy

paste, above which there floats in a more or less thick layer

all the water contained in the product issuing from the

mills.

No one agrees very well as to who was the inventor of this

process. Some attribute it to Theodore Lefevre of Lille,

others to Expert-Besanc,on of Paris. All that the author can

say on the subject is that the principals of these two firms

applied the process almost simultaneously and with equal

success.

One observation must be made in regard to this process. All

oils do not lend themselves with the same readiness to this

elimination of water, and it is poppy seed oil with which

this phenomenon is produced most rapidly; and it is said

in the trade that poppy seed oil is the oil which chases,

i.e. expels the water the best. It accomplishes this opera-

tion, in fact, in half an hour, on an average it may take

a little longer in winter than in summer. It depends also

on the chemical composition and the regular density of the

hydrocarbonate of lead produced by the Dutch process.

The great advantage of this method will be understood, f rst,

from an economical point of view, since it suppresses drying,

grinding to powder, sifting of the white lead
; secondly, from

the point of view of the hygiene of the workmen, who are

never exposed to white lead dust. Therefore all the white lead

factories make the greater portion of their stiff white lead

paint in this way.

The water, floating on the stiff paste of white lead in oil, is

eliminated by decantation, and this elimination is complete.

Only a few thousandth parts of water can be detected, which i.s
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found imprisoned in sort of pockets which has either escaped

grinding, or which has fallen into the finished product. It is

well to add that this minimum quantity of water presents no

inconvenience in applying the paint.

However long may be the time of mixing, the composition
of the stiff white lead in oil remains constant, and is as

follows :

Per Cent.

White lead brought back to the dry state . . 90
Oil 10

It is therefore important that each manufacturer should know

exactly the percentage of water in the aqueous white lead

paste coming from the mills, so as to be able to add to it

the requisite amount of oil in the mixer. Finally, whatever

may be the time occupied in mixing, or the temperature at

which it is conducted, it is impossible to incorporate, in the

stiff white lead, the smallest amount of water expelled by the

oil. The stiff paste, as it comes from the mixer, passes to the

rolls to be ground, as before, and it is passed through the rolls

once, twice, or even three times, according to the degree of

fineness which it is desired to obtain. If the water has not

been properly decanted, it runs on the rolls, and escapes by
the exit from the rolls. If such a paste is passed through a

new set of rolls, the presence of this water may render it

incapable of taking the stiff paste in oil, on the moistened parts ;

therefore, in the case just mentioned, it is always necessary,

before starting a new set of rolls, to grease them by moistening

them with linseed oil, and to turn them against each other in

this state for a few minutes. The cylinders, once greased, do

not take the water, which rolls along so as to escape by the

front roll.

Stiff white lead in oil has rather a variable density, according

to the method of making the white lead when the white lead

is well made by the Dutch process, its density, when it is in
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the form of a stiff paste in oil, should be 4, or very near that

figure. Moreover, the most dense pastes are generally the

most appreciated and, it may be said, the best. As the stiff

white lead in oil issues from the rolls, it is packed as described

above.



CHAPTER III.

OTHER PROCESSES OF MANUFACTURING WHITE LEAD.

TN this chapter, only the different processes of manufacturing
white lead, properly so called, will be examined, without

reverting either to its grinding to obtain any desired degree of

tenuity, or to its grinding in oil. These operations are

identically the same as those described for the Dutch

process.

It will be understood from what has been said that this

process is somewhat empirical, and that it was bound to

occur to the minds of chemists to replace it by a rational

method based on science. It is to Thcnard, in 1801, that the

first scientific method of preparing white lead was due a

method more generally known under the name of the Clichy

process, which, towards 1830, was more often still called the

French process.

THE FRENCH, OR CLICHY PROCESS.

It rests on the following chemical reaction : A current of

carbonic acid gas traversing a solution of basic acetate of lead

precipitates carbonate of lead and regenerates the normal

acetate which can dissolve fresh oxide of lead to form the

basic acetate, which is in its turn treated with gaseous carbonic

acid. The reaction can thus be rendered continuous. It is

always the same acetic acid which figures in the reaction,

with the exception of inevitable loss, which a well-constructed

apparatus is capable of rendering almost negligible.

38
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In the beginning the Clichy process was wrought thus. In

a wooden vat, tarred so as to prevent the disintegration of the

wood, litharge was dissolved in acetic acid. An agitator was

fitted to the vat to keep the particles of oxide of lead in

contact with the acid liquid, and thus assist solution and the

formation of basic acetate. When this solution marked 17 to

18 B., the agitator was stopped and the liquid allowed to

settle. The clear liquid was then run into a copper vat, where

it clarified completely. When clarification was complete the

liquid was sent into the decomposition vat, which was very

long and shallow, with a width about half its length, say, 6

metres long by 3 metres wide by 0'9 metre deep (say, 20 feet x

10 feet x 3 feet). This decomposition vessel was closed by a

lid traversed by numerous copper tubes (800 for above

dimensions) which branched off from one or several main

conduits and dipped about 0'3 metre (say, 10 inches) into the

decomposition vat. It is through these tubes that the carbonic

acid produced in a special furnace by calcining limestone or

burning coke by which the precipitation of the basic acetate

of lead is effected, arrives. The carbonic acid thus produced,

after cooling and washing, is propelled into the main pipes, and

thence into the small tubes. Generally the carbonic acid was

aspirated from the furnace which produced it by an Archimedean

screw placed in a reservoir of water. The gas was thus both

washed and cooled. Thence it was propelled into the main

pipes, and thence again into the small tubes, from which it was

projected into the solution of basic acetate of lead, where it

produced a precipitate of white lead.

Precipitation was complete in twelve hours, and whilst the

clear liquid, which should mark 12 B., was sent to the tar-

coated wooden vat, where it was brought in contact with litharge,

the precipitate in the form of paste was sent into a special vat,

where it was washed by decantation. This washing terminated,

the white lead itself was finished, and the advantage secured by
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this method was a sufficiently attenuated product which had
no further need to pass through the mills, and the benefit of

being able to always use the same acetic acid.

If it was desired to obtain dry white lead, the paste was

placed in a stove, as in the Dutch process ;
if it was desired to

make stiff white lead in oil, it was only necessary to send the

paste to the mixer, then to the rolls, and it behaved as indicated

above.

Notwithstanding the indisputable logic of the rationale of

this process, the white lead produced by it exhibits properties

somewhat different from the Dutch process white lead. Thus,
for instance, in order to transform it into stiff white lead paint
in oil, it absorbs 13 to 14 per cent, of its dry weight of linseed

oil, which diminishes both its consistency and density, two

properties much sought after by the painter. Finally, it has

less covering power than Dutch process white lead, and that is

rather remarkable, as it is opposed to that which occurs with all

pulverulent products mixed with oil for paint purposes.

It, in fact, may be taken for granted that the more finely

pulverised such a substance is, the greater is its covering

power. When such a substance is in the amorphous state, it

has more covering power than when pulverised ever so fine by

grinding. One of the most striking examples of this nature

is that of sulphate of baryta. When the latter is obtained by

pulverisation of the natural rock (barytes), even when pushed
to an extreme degree of fineness, it, so to speak, does not

possess covering power. But precipitated sulphate of baryta,

if not to be compared with white lead, has yet a certain

amount of covering power. Indeed, it is much used in this

condition for mixing with special colours, to attenuate their

shade so as to produce different tones of the same colour.

It would seem, therefore, at first sight, that white lead made

by the Clichy process ought, as compared with the Dutch

process white lead, to present the same advantage of superior
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covering power, since it is an amorphous powder, and in a

much finer state of division. However, such is not at all the

case, and a very long experience has always assigned to white

lead by precipitation a covering power notably inferior to that

of Dutch process white lead, in spite of the many very

judicious improvements brought to bear on the manufacture of

the former.

Amongst these there may be pointed out that which

consisted in only using very pure carbonic acid, which has

caused resource to be made, for its production, to the most

improved forms of limekilns. Later on, Ozouf again secured

a more pure carbonic acid by drawing it from the combustion

of coal, and, after submitting it to several washings, causing it

to be absorbed by a solution of carbonate of soda marking 9

Baume when cold. Bicarbonate of soda was thus formed,

which was decomposed by heat. The carbonic acid which

he collected, freed from extraneous gases, was stored in a

gasometer, whence it was taken gradually for precipitation

purposes.
1

Pallu, who occupied himself much with the preparation of

white lead by precipitation, and who brought numerous

improvements to bear on this industry, remarked that when
white lead is precipitated as described above, the first portions

of the precipitate yield a superior product to that obtained

towards the end of the operation. He therefore concluded,

not without reason, that the precipitation ought always to be

made in a highly concentrated lead solution. He therefore

restored the oxide of lead to the liquid in proportion as it was

precipitated, in such a way that the carbonic acid was never

in presence of a weak solution of basic acetate.

On the other hand, Ozouf attained the same result by

passing the carbonic acid into a vessel where the solution of

1 See Bersch's Mineral and Lake Pigments (Scott, Greenwood & Son),

pp. 105-110, for fully illustrated description.
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basic acetate was distributed in the form of a regular shower of

rain.

But, as already mentioned, these improvements never

enabled a white lead to be produced, the covering power of

which was equal to that made by the Dutch process. No

painter would take it, without a notable reduction in price ;

and, finally, all the French factories which made white lead

by precipitation have disappeared, or have reverted to the

Dutch process.

HOT CHAMBER PROCESS.

This process, as already described at the beginning of this

volume, is a variation of the Dutch process, in the sense that

it applies artificial means to obtain the same effects as those

got by the stack. The stack is replaced by a vast chamber, in

wood or masonry, in which sheets of lead are suspended on

laths or batons. The leaden sheets are generally very thin
;

but their surface varies somewhat with the factory. Some use

sheets which do not exceed a kilogramme (2'2 IDS.), whilst

others impart such dimensions to these that they weigh 10 and

even 20 kilogrammes (22 and 44 Ibs.) ; they are then folded

in several parts, for here also care must be taken to impart to

the metal the largest surface for attack possible.

A chamber being charged to its full capacity, it is closed

hermetically, and hot carbonic acid distributed by different

pipes, so as to come in contact with all the plates, is injected;

with this current, and entrained by it, likewise comes the

acetic acid vapour, and steam from a boiler. All the active

elements are thus combined, the functions of which have already

been described in dealing with the stack process.

The metallic lead is converted into white lead in two or

three weeks, and such conversion is almost complete, for from

a chamber charged with 10 tons of metallic lead, only 200 to

300 kilogrammes (say, 4 to 6 cwt.) of unattacked blue (metallic)
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lead is drawn out, which, remelted, is again used. In order

to discharge a chamber, at the close of an operation, care is

taken to inject a very strong current of steam, so as to wrell

moisten the material, and lay dust when discharging.

The operations which follow this conversion are identical

with those already described.

Even though it imitates in every point what happens in

the stack of the Dutch process, this method still gives a

different white lead. It generally exhibits a frothy (dendritic ?
)

aspect, with softer scales than those produced by the Dutch

process, and yields, in the end, whether in the form of a dry

powder, or in the form of stiff paste in oil, a less compact and

dense product than that produced by the Dutch process.

These are two characteristics, regarded as defects by the

paint trade, which explain why the product thus obtained is

less appreciated and is sold at a lower price.

KREMS PROCESS.

This process is adopted in a very general way in Austria,

and yields a product of repute. It may be said of it that

it is the reproduction by artificial means of the Dutch process,

to which it approaches more than the hot chamber process,

although using partially the same means.

In the Krems process the stack is replaced by a larger or

smaller chamber, artificial heat is substituted for that of farm-

yard dung. As to the production of carbonic acid, it is

obtained by the fermentation of the marc (skins, etc.) of grapes,

or of other fruits.

In actual practice the operation is conducted as follows :

Into a chamber of variable dimensions, according to the factory,

there are introduced wooden cases, tarred inside, to which the

following dimensions are generally given : length 1 to 1 '5

metres, width 35 to 40 centimetres, depth 30 to 35 centimetres.

The bottom of each case is lined with a layer of grape skins,
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or of skins of different fruits, mixed with acetic acid. Above

this layer thin sheets of lead slightly folded are suspended

on laths
; they ought to be fixed on the laths in such a way

that their edges do not touch each other nor the sides of the

case.

The cases thus prepared are placed to the number of 90,

100, or even 150, in the closed chambers, the temperature of

which is progressively raised as follows : The first week the

temperature is kept at 25 C. (77 F.), the second week it is

brought to 38 C. (100'4 F.), the third week to 45 (C. 113 F.),

and the fourth week it is brought to 50 C. (122 F.). Then

it is left to cool slowly, and the operation is finished at the

end of six weeks.

The reaction which occurs will be understood at once. The

heat to which the chamber is subjected, by whatever system

of heating, causes the acetic acid to be vaporised, at the same

time as the fermentation of the fruit marcs generates carbonic

acid. It is, as will be seen, a variation of the Dutch process,

a happy variation, it may be said, as the white lead so obtained

is particularly beautiful as regards whiteness. This property

has for a long time been ascribed to the exceptional purity

of the metallic lead used at Krerns, and to the fact that all

the Austrian white lead manufacturers endeavour to obtain

this lead, which amongst other properties is absolutely

exempt from iron. The author rather believes that the very

special whiteness of this white lead arises from the fact that

the marc (grape skins, etc.) iised contains no trace of sulphur,

and consequently, during the progress of its fermentation, no

sulphuretted hydrogen is evolved. In farmyard dung, and

spent tan, on the other hand, whatever care may be exercised

in the choice of raw materials, it is impossible to avoid the

formation of very small but perfectly appreciable quantities

of sulphuretted hydrogen. If, in addition, the lead contain

a little iron, the sulphide, which then forms, is not absolutely
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black, but verges a little towards maroon, which imparts a rose

tint to the white lead. This tone is not perceptible, it is true,

unless placed in contrast with an absolutely pure white, such

as starch powder. White lead, by the Krems process, contrasted

in the same way, retains a perfectly pure white colour.

In order to discharge the cases, the sheets of lead covered

with white lead are drenched, and the remainder of the

operations are identical with those described under the Dutch

process. Mention may, however, be made in ,passing of a

peculiar feature of the Krems process of white lead manu-

facture. Before sending the white lead detached from the

sheets, to undergo the succeeding operations already described,

manufacturers select the whitest and the most beautiful scales,

which they reduce to powder by processes already described,

and thus produce therefrom a special quality, silver white.

Indeed, the best silver white comes to us from this source
;

it is often imitated by white lead obtained by precipitation.

ENGLISH PROCESS.

This will only be mentioned as a matter of history, because

it appears to be abandoned even in England, where it was

invented. Moreover, the numerous attempts made in France

to work this process have almost all failed, the method in

question would appear, therefore, to be condemned.

The English process, which has sometimes been called the

Quick Dutch process, is founded on the simultaneous action

of acetic acid, or acetate of lead, on litharge and carbonic

acid.

In actual practice, very dilute acetic acid was mixed with

litharge so as to form a rather thick paste, which was spread
on leaden plates. These being arranged in a closed chamber,
a current of pure, well-washed carbonic acid gas was passed into

it. The absorption of the gas was facilitated by stirring the

pasty mass from time to time by scrapers. A fresh amount of
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litharge was added in two or three different applications during
the course of the manufacture. The mass was gradually

converted into white lead, and the operation finished in six

weeks.

The white lead produced by the "
English

"
process was of

inferior quality, because it was less dense than white lead

by the Dutch process, and easily absorbed 14 to 17 per cent,

of oil, during its conversion into stiff white lead paint. Some

manufacturers nevertheless, by prolonging the time occupied

in mixing this white lead with oil, by using mixers driven

particularly energetically, were enabled to reduce the percentage

of oil and to bring it down to 13 to 14 per cent., but then the

paste obtained was more compact, which for a long time has

caused it to be said that white lead by the "
English

"
process

was very hard. The painters who used it found themselves

obliged to increase the liquid portion, oil and spirits of

turpentine, introduced into the paint, which caused it to

cover less and in many cases to cost more than white lead

prepared by the Dutch process.



CHAPTER IV.

WHITE LEAD SUBSTITUTES.

SOPHISTICATION OF WHITE LEAD ANALYSIS OF WHITE LEAD.

A LL the products which have been proposed as substitutes

^- for white lead will not be examined here. It may be

said they are legion, especially of late years, during the course

of which a very vigorous campaign has been pursued with the

object of suppressing the use of white lead, which is not

without presenting real danger in its application. There

are, however, two which merit special mention, because they

constitute quite special products. These are lithopone and

zinc sulphide.

LITHOPONE

Lithopone is produced by double decomposition of barium

sulphide and zinc sulphate, which give a precipitate consisting

of a mixture of barium sulphate and zinc sulphide. These two

products are very white
;
the precipitate, washed, dried, often

calcined, then thrown into cold water, is reduced to a fine

powder, then mixed with oil to a pasty consistency.

The stiff paint which lithopone affords with oil has the

appearance of a very fine white lead, and would lead one to

believe that in it they had actually found the true substitute

for white lead. Experience and use has, however, shown that

the hypothesis was not well founded. Lithopone, in fact, has

much less covering power than white lead, which is easily

47
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explained by the enormous quantity of barium sulphate which

it contains, for the chemical formula of the reaction indicated

above specifies by weight the following percentage : 67 per

cent, of sulphate of baryta and 33 of zinc sulphide. As to zinc

sulphide, it seems to combine in a way with the oil, and con-

sequently to approach thereby white lead, which forms in a

chemical sense Twith the oil a real lead compound. But the

presence of zinc sulphide in lithopone is not always without

inconvenience. Thus, in the painting of certain metals iron,

for example, zinc sulphide tends to abandon its sulphur to the

iron to form a sulphide of iron, a fact which painters often

express by saying litlwpone rusts iron. Finally, it must be

mentioned that zinc sulphide, in virtue of its sulphur, tends

strongly to combine with the oil, but this combination, which

greatly resembles a vulcanisation of the oil, is liable to decom-

pose it, and it is to this cause that the author attributes the

poor permanency and durability of painting done with lithopone.

Amongst the other defects of this product which must be

pointed out is the irregularity which it presents as regards

quality. This irregularity arises from the extreme difficulty

which exists of obtaining commercially barium sulphide of

constant composition. Another great drawback of painting

done with lithopone, which is likewise urged against it, is that

it eventually exhibits very diverse shade, varying from white

to greyish white, often passing to rose, to violet, etc. Researches

made to discover the cause of these abnormal colorations have

attributed them to the presence of different metals, contained

in the zinc sulphate.

To sum up, without absolutely condemning lithopone, which

may find its place in a certain class of painting, the author,

nevertheless, thinks that its use will never become general, like

that of white lead, even though numerous actual improvements

have been realised in its manufacture. Of these there may be

pointed out those the object of which is to purify the zinc
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sulphate, efficiently and practically, so as to free it completely
from the impurities which produce the above-mentioned colora-

tions. This product, very widely used in Germany, is manu-

factured in France by a few special factories, who (the author

must do them this justice) set themselves, as much by improved

plant as by special care brought to bear on the manufacture,
to produce a pure product.

Lithopone generally covers rather badly ; it is almost impos-
sible to apply it on iron for the reason already given. Its use for

painting wood, new wood especially, gives bad enough results
;

on the other hand, the author has seen it applied, not without

success, as a surface coating on plaster, intended to be covered

with 2 or 3 coats of ordinary paint. Its principal advan-

tage is its comparative cheapness in so far that lithopone stiff

paint in oil is currently sold 10 francs, at least, per 100 kilo-

grammes (say, 4 shillings per cwt.) below the price of white lead.

As, according to the degree of acidity of the solution of zinc

used to make the double decomposition, it is easy to obtain

lithopone with a valuable percentage of barium sulphate, but

never below 67 per cent., manufacturers sell this product, accord-

ing to the variable percentage of zinc sulphide and barium

sulphate. They thus sell lithopone as |4 or f> which signifies

33 of zinc sulphide and 67 of precipitated barium sulphate, or

30 of the first and 70 of the second, for qualities are made con-

taining as much as 80 per cent, of barium sulphate for 20 per

cent, of zinc sulphide.

ZINC SULPHIDE.

Zinc sulphide as a stiff oil paint has for some time been

greatly recommended as a substitute for white lead. This body

gives, it is true, with oil a paste of a very pretty appearance,

perfectly homogeneous, and which dries well enough. But

leaving its whiteness, very pure and perfectly inalterable, out

of account, it is difficult to see the technical reasons which can

4
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justify the use of this product in painting. It presents the

defects, inherent to zinc sulphide, which have been pointed out

in connection with the zinc sulphide present in lithopone. If

the preparation of zinc sulphide as a stiff paint does not cost

more than the preparation of white lead stiff paint, the in-

dustrial manufacture alone of the zinc sulphide, as a dry powder,
still produces a relatively high-priced product, and finally of a

stiff paste in oil costing 80 to 100 francs the 100 kilogrammes

(say, 1, 12s. to 2 the cwt.).

VARIOUS WHITES.

It must be pointed out, as a matter of history, that inventors

of all times have thought they have discovered a substitute for

white lead, because they have obtained a white powder, easily

miscible with oil, to form a paste presenting all the appearance

of that made with white lead. Thus the most diverse products

are to be seen, made up of mixtures of bodies, neither of which

have any affinity for oil, and which form, as the basis of paint,

products the quality of which is not inferior but absolutely

negative.

SOPHISTICATION OF WHITE LEAD.

Like every other product which the consumer greatly en-

deavours to obtain, white lead, whether dry, or as a stiff paint in

oil, undergoes numerous sophistications with the view of lower-

ing its price and increasing the profit on it to the seller. Let it

be at once said that sophisticated Avhite leads are always sold

(in France) without a mark (brand), and whoever wishes to be

assured of getting this product absolutely pure has only to

specify that it should bear the mark (brand) of one of the

French manufacturers (corroders) of white lead. These have,

in fact, unanimously agreed to the principle of only selling pure

white lead. Therefore, the more or less sophisticated product is

only to be got from retailers, or the less conscientious grinders.
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To carry out the sophistication, the most diverse products are

used, and the one most generally employed is certainly finely

pulverised natural barium sulphate (barytes), or sometimes the

precipitated form of the same body ;
next come lead sulphate,

sulphate of lime (terra alba), carbonate of lime (Paris white),

carbonate of baryta (witherite), china clay (kaolin), etc. If the

most widely used agent of sophistication be barium sulphate, it

is on account of its great density, its cheapness, and also because

it is the product which, after zinc white, diminishes the cover-

ing power of white lead to the least extent.

ANALYSIS OF WHITE LEAD.

Before giving the complete analysis of white lead, the follow-

ing is a rapid method of testing the product when it is suspected

of containing barium sulphate, which is the most frequent

adulterant. Ten grammes of the perfectly dry white lead are

calcined in a porcelain crucible. The pure white lead loses on

an average 14'5 per cent, of its weight, a mixture of

80 per cent, white lead and) 1

, , ^ loses 13 per cent.
20 per cent, barytes . . \

50 per cent, white lead andl i

.A , , } loses 10 per cent.
50 per cent, barytes . .J

66 per cent, white lead and) , ~ K ,

, -, > loses b'5 to 7 per cent.
34 per cent, barytes . .j

34 per cent, white lead and) , K^
, , Y loses 3 '4 to 5 percent.

66 per cent, barytes . .)

If the white lead to be tested as above be in the form of a

stiff paste in oil, a sample is taken, which is well washed

by carbon disulphide, benzine, or carbon tetra-chloride, and the

operation described above is performed on the perfectly dry

product so obtained.

In order to make the complete analysis of a white lead,

the sample taken is brought to the state of a dry powder if the

product is ground in oil, then treated by dilute hydrochloric
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acid, which dissolves all the carbonates, except ihat of baryta.

If complete solution is effected there is a probability that the

product is pure, but it is only a probability, and complete

analysis necessitates that the operation should be conducted as

follows :

A. Solution in hydrochloric acid is complete. It is precipi-

tated by sulphuretted hydrogen filtered, the filtrate neutralised

by ammonia, and ammonium sulphide added. Two cases

present themselves : (1) No precipitate. Add ammonium
carbonate to the liquid : if a precipitate be formed, the product

contains carbonate of lime or baryta ;
if no precipitate, the

sample is pure white lead. (2) There is a more or less abundant

precipitate : it is treated by dilute acetic acid, and collected on a

filter, if it dissolves the white lead contains phosphate of lime.

If only little or no solution occur, and the precipitate is soluble

in hydrochloric acid with disengagement of sulphuretted

hydrogen, it is due to oxide of zinc contained in the white

lead.

Solution A leaves a residue on the filter, it is filtered, washed

well where a portion is drenched with sulphuretted hydrogen.
If the residue be coloured black, it is lead sulphate.

If there be no coloration, a portion of the dry residue is

calcined with charcoal, and the mass is treated, after calcination,

with sulphuric acid. Two cases may present themselves :

(1) Solution with evolution of sulphuretted hydrogen. The

filtered liquid to which a solution of sulphate of lime has been

added (a) gives a precipitate, sulphate of baryta is present.

(6) No precipitate, sulphate of lime is present. (2) There is

no disengagement of sulphuretted hydrogen, the white lead

contains a silicate.



CHAPTER V.

WHITE LEAD PAINTS THEIR MERITS AND DEFECTS.

TT may be said that white lead gives a typical paint. Now it

must be understood that a typical paint is one which

exhibits the following characteristics : The capability of being

spread in a very thin elastic coat, which coat ought to dry very

rapidly without the addition of driers, it being taken for granted

that a good paint ought to dry in two days. All these

conditions are fulfilled to a nicety by white lead, and constitute

its own peculiar properties, which up to the present day at least

no other product has been able to attain completely.

Finally, white lead possesses a very pretty white colour,

which is also a distinctive property, because mixed with

staining colours, so as to produce special tints and hues, it

does not radically alter (denature) these pigments, it can only

diminish their intensity (or reduce their depth of colour), more

or less, a property which is taken advantage of to impart to the

same pigment a whole gamut or scale of different graduated

tones.

The author does not deem it necessary, however, to insist too

much on the whiteness of white lead; other products, zinc

oxide, for example, possess this property to an equal extent

at least. The author rather insists upon this point, as, in

the minds of many practical men in the trade, nothing equals

the whiteness of white lead, which causes them to reject

unmercifully any substitute for white lead, even if it exhibits

all the other qualities thereof, but has not exactly the same
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whiteness. The author believes that this is a mere question of

use and wont on their part, and they being accustomed to a

certain tone of white, that of white lead, all other tones no

longer appear to them a perfect white.

The prolonged personal researches of the author on this

question justify him in thinking that, as regards white, there

are different tones in existence, just as there is in the case

of other colours, and in the absence of a well-defined coloration,

it is difficult, if not impossible, to give an opinion by the

unaided eye, on the more or less perfect whiteness of any

such product when compared with another similar one.

Here, moreover, is an effect which has often been remarked.

Taking different white products ground in oil, when they are

viewed separately, they appear absolutely white
; but, when

brought near one another, this whiteness differs in the case of

each of them. Indeed, it is a fact well known to all white lead

manufacturers, that Dutch process white lead ground in oil has

a very characteristic rose tone compared with zinc white in

oil. Is that to say that the white lead is not white 1 No,

certainly not
;
but it has a different tone from that of zinc oxide.

Again, take two oxides of zinc, equally pure from a chemical

point of view, but obtained, the first by distillation of the

metal, and the second by direct calcination of the ore, these

two oxides, ground in oil, exhibit between each other a

difference in whiteness. The white of the first will be slightly

green, that of the second slightly ivory, and each of them taken

separately would appear to be perfectly white. This last

example affords an explanation of the difference in tone which

the same pigment may possess, because it is due here to a

difference in the molecular condition of the same body. In

fact, zinc oxide, made by distilling the metal, presents itself

in the form of small flakes with more or less barbed edges,

mixed with a small number of almost spherical grains ;
the

oxide produced by calcining the ore consists, on the contrary, of
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a mass of almost spherical grains, mixed with a very small

number of flakes. It therefore appears certain that the play

of light through these two masses of corpuscles, of different

shape, is itself different, and gives rise to products of different

tones. Bodies of different composition exist, a fortiori, in

different molecular states, hence, in the opinion of the author,

the cause of these slight variations in whiteness to which it is

not necessary to attach a primordial importance, as one is too

much inclined to do.

It is elsewhere than in its whiteness, that it is necessary

to seek for the characteristic properties of white lead, and Stas

is the first who has explained these scientifically in his theory

of white lead painting in oil which begins with this sentence,

which all those who seek after substitutes for white lead

ought to have engraved in their minds. "
It is wrongly

imagined that white lead paint is a mixture of a white powder

with oil, and that, consequently, it is possible to replace white

lead by any other white powder mixed with oil, with oil

rendered siccative if need be."

It is the ignorance or the forgetfulness of this highly sound

principle which has led to the production of a whole host of

products, intended, in the minds of the makers, to replace

white lead, but which do not possess a single one of its

properties. Eut, still following Stas in his theory of white

lead painting, this is what he says :

" So that it may be well understood, we must, first of all,

recall the chemical nature of white lead. We know that

this substance, prepared by all the practical processes known,

is not a carbonate but, in fact, a hydrocarbonate of lead,

containing more or less carbonate, and covering so much the

better the less hydrate of this metal it contains. The best

washed white leads always contain a trace of basic acetate

of lead
; moreover, many commercial white leads contain the

neutral acetate or the dibasic acetate of lead.
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"Liebig was the first to show that lead oxide can dis-

solve in a somewhat large amount of linseed oil without

saponifying it.

" Linseed oil thus acquires very drying properties ;
the

secular use of oxide of lead to render that oil more drying

more than proves the fact.

"At the ordinary temperature, and especially at a high

temperature, linseed oil may likewise dissolve the basic acetates,

and even the neutral acetate of lead. The solution of acetate of

lead in oil when it comes in contact with air disengages acetic

acid at the ordinary temperature.

"The oxide of lead dissolved in oil, whether by digestion

with the anhydrous or hydrated oxide, or by contact with

acetates of lead, saponifies it after a certain time, because it

contains a certain quantity of water
;
linoleate and margarate

of lead are thus produced, which, being soluble in oil, and in

very considerable proportion, the linoleate especially, remain

in solution.

" Linseed oil, holding in solution either oxide of lead, or

linoleate or margarate of lead, in greater or less amount, dries

in contact with the air. The oil which contains the dry

oxide dries sooner than that containing the linoleate . or

margarate of lead
;
but both the one and the other, applied

on a surface, form after the oxidation of the oil a plumbous

varnish, dry to the touch, transparent or milky, or even white

and almost opaque, according to the amount of linoleate or

margarate dissolved.

"This varnish exhibits great elasticity, and resists rubbing

better than that obtained by dessication in the air of oil,

which does not contain lead ; it contains linoleate and margarate

of lead intact.

"Let us now apply these facts to the preparation of stiff

white lead paint in oil. When it comes to the mixing and

the subsequent grinding of white lead with oil, a portion of
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the hydrate of lead and of the acetate of lead which are con-

tained therein (i.e.
in the dry white lead) dissolve in the

beginning. By allowing the paste to stand by itself out of

contact with air, a fresli and larger amount of lead oxide is

dissolved. Thus we know that white lead paint, preserved

under water or in a closed vessel, ends by becoming tacky.

The tackiness of the paste is generally attributed to the

rancidity of the oil alone, but we (Stas) have determined that

this gluey state is due principally to the formation of a lead

soap, which dissolves in the oil.

" When it comes to thinning down the stiff paint in a

suitable quantity of oil, to render it fit for use, and when

such paint is afterwards applied on any given surface, it dries,

owing to the air, and the coating consists essentially of

carbonate of lead, containing a little hydrate of lead. These

particles of carbonate of lead, a white opaque body, are

enveloped, even soldered together, the one to the other, by
the margarate of lead which imparts opacity and elasticity,

and the linoleate, especially, much impermeability to the coat.

" When the paint is exposed to the causes which in general

destroy it most rapidly, such as the direct rays of the sun and

moisture, the oil which has become oxidised is consumed
;

but the destruction thereof is delayed by the impermeability
of the lead compound which it contains and which covers

it. Under the influence of the rises and falls (changes) of

temperature, the paint is less liable to crack, split, and to fall

off in scales, owing to the great elasticity which the linoleate

and margarate of lead impart to the oxidised oil.

" White lead therefore contains in itself the cause of the

drying power which it communicates to the oil. It cedes

the oxide of lead to the oil, which, produces this effect. This

oxide of lead, by gradually saponifying a certain amount of

oil, forms a metallic salt, soluble in the oil, which remains

dissolved after the oil has dried, and communicates to the
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substance which results from this oxidation both elasticity

and impermeability.

"White lead therefore owes to the chemical nature of the

compounds which it contains the cause of the permanency of

the paint into which it enters, but it 'also owes this permanency
to the ratio in which these compounds exist; because, if the

nature of white lead be changed either by diminishing or

increasing beyond measure the amount of hydrated oxide of

lead, or of basic acetate of lead, which it commonly contains,

the properties of the paint which it produces are changed at

the same time. Thus it is known that the introduction of

a large amount of litharge gives a siccative pigment, very hard

at first, but very liable to crack by the alternations of tempera-

ture, and even to crumble (fariner), as artists in oil sometimes

notice on their canvas prepared with white lead to which

litharge has been added."

Such is the theory enunciated by Stas, which has the

grand merit if it be not absolutely exact as to the products

formed by the mixture of oil and white lead of remaining

perfectly true in its basis or foundation, which may be summed

up in the following manner without causing the precise terms

of the reactions which occur to intervene: White lead,- like

all salts of lead, like metallic lead itself, possesses great affinity

for oils in general, and the fixed fatty oils in particular. It

tends therefore, in presence of the latter, to form real chemical

compounds which are salts of lead, more or less soluble in the

linseed oil, afterwards added to impart the desired fluidity to

a paint during its application. These salts become modified

afterwards by the oxidation itself of the oil, exposed to contact

with the air, and give rise to substances possessing the qualities

required in good paint, elasticity, and a certain hardness.

Granted that there is combination between the elements of

the white lead and the oil, and solution of the salts of lead

formed in the oil added to the paint, so that the paint can be
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applied in an exceedingly thin coat, the thinned paint none

the less preserves all the qualities of the said combination.

The only point where the theory of Stas may lend itself to

criticism is principally as to the nature of the salts of lead

obtained by the combination of oil and white lead. Genuine

linseed oil ought not to contain margaric acid, it cannot

therefore form margarate of lead with white lead.

Another point, demonstrated long after the researches of

Stas, is that linseed oil exposed to the air is transformed by

absorption of oxygen into oxylinoleic acid
;

it appears, therefore,

rather probable that the linoleate of lead, of which Stas

speaks, ought itself to become transformed by the action of

the air into oxylinoleate. But the author reasserts that

these are only, so to speak, errors of expression ;
the very

foundation of these phenomena follows well the, course

indicated by the eminent chemist.

Finally, it may be said that all are agreed at the present

day to regard the first chemical combination, in the mixture

of oil and white lead, as taking place between the hydrate of

lead and the oil, and that the carbonate rests simply enshrouded

in this compound to form the opacity of the latter. As to

the presence of the basic or neutral acetates of lead which

Stas was, in fact, able to find in the white leads of his epoch,

which might very well intervene in the general reaction

between the white lead and the oil, that is only an exceptional

occurrence at the present day, thanks to the improved methods

of levigatioii adopted in all well-conducted white lead works.

To resume, all the good qualities of white lead paint lie in

the fact that white lead mixed with oil gives rise to a

chemically combined product possessing the special properties

required in paint.

Therefore, every time that one tries to find a substitute for

white lead, he should first of all use his utmost endeavours to

find a body capable of combining with oil, soluble in the
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latter, and which is very white, so as not to modify the tint

of the pigments used. It is the violation of this law a purely

chemical one which has caused a whole host of products,

known in the paint trade as white lead substitutes, which we

have silently passed by, to come to grief. Only lithopone and

zinc sulphide have been described, being the only ones

capable of reacting chemically with oil, the first owing to

the presence of a small quantity of the second. Does the

nature of the product which is produced by this reaction

render it really utilisable for paint purposes? That still

remains to be proven.

As to the defects of white lead, they are of two classes from

a pictorial point of view alone. White lead, like all the salts

of lead, has the defect of blackening under the influence of

sulphuretted emanations, which, in fact, forbids its use in

w.c's., kitchens, bathrooms. In neighbourhoods with a system
of illumination by gas, white lead painting is liable to lose its

whiteness, by the action of the traces of sulphuretted hydrogen

produced by this style of illumination
;

it is therefore said that

the colorations thus produced have caused the paints to lose

their freshness.

The second defect of white lead of a hygienic order is- that

of being a poisonous product which must only be handled with

the greatest of precautions. This subject will be dealt with in

the next chapter.

WHITE LEAD ENDUITS (PUTTY AND FILLING UP).

All which has been said in regard to white lead paint applies

to white lead "
putty," which should only be stiff white lead

paint in oil, but stiffer than that intended to be used in making

liquid paint, and which is spread or laid on by the putty knife.

Pure white lead putty is made from the stiff paint in oil,

already described, to which enough white lead is added, in

powder, to bring it to the consistency of glaziers' putty. How-
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ever that is not the only standard of consistency used, it, in

fact, varies with the job on which it is to be used. The putty

or filling is applied generally 011 very particular work
;
and

on it, when well dried, the coats of paint are applied. The

object of it is to give to the parts to be painted a perfectly

uniform surface. Therefore, when the surface is not very

rough, a putty of comparatively poor consistency may be used,

such is the case with fine plaster ;
in the case of coarse plaster,

a putty of somewhat strong consistency is used. So as to reduce

the cost of the putty, there is often mixed with the stiff white

lead paint a certain amount of finely pulverised and sifted

Paris white. The more the putty contains of this last body
the poorer it is, but the white lead, nevertheless, causes the

Paris white to participate in its own properties, and the putty

consisting of half white lead, half Paris white, is still very

good for current work. On very particular jobs, as in coach-

painting, it is necessary to use pure white lead putty. The

white lead putty, or mastic, is plastic, and embraces all the

sinuosities and preserves the shape taken. It dries very

rapidly. It may be rubbed down with glass paper, or pumice

stone, and, so worn down that, throughout all its thickness,

the layer, even when very thin, which still remains, pre-

sents all the properties of resistance and permanency which

are the special characteristics of white lead paint.



CHAPTER VI.

TOXICOLOGY .OF WHITE LEAD.

HYGIENIC MEASURES IN ITS MANUFACTURE AND USE.

"\T7H1TE lead, as everyone knows, is distinctly poisonous,

and its introduction into the system brings about

the grave complaint known under the name of saturnism

(plumbism, or, in plain English, lead poisoning). This intro-

duction may occur through the alimentary canal, through the

lungs, by the mucous membranes, even by the skins of certain

individuals, the latter forming, it is true, the exception.

The first symptoms of lead poisoning are characterised by

languor, very great muscular feebleness, and insomnia; then

there appears a blue line along the gums, which is always

accompanied by violent colic, called lead colic. Constipation

is obstinate, urination scanty, and the patient has frequent

nauseas, followed by bilious vomiting. Having reached this

condition, if the saturnin continues his work, the above

symptoms become acute, ending in encephalopathy, in the

paralysis of the extensor muscles, in cachexy, and finally

in death.

In the trade, the toxicology of white lead may be divided

into two categories : (1) that which affects the workmen in

white lead factories ; (2) that which affects the users of white

lead, the majority of whom are painters and glaziers.

In the first category it may be affirmed that lead poisoning

is more rare. It is, indeed, a case of a dangerous substance, it
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is true, but in which everyone, from the principal down-

wards to the last labourer, knows very well the danger, and

consequently where active supervision and especially the

goodwill of each are able to conjure such a terrible evil as

plumbism.
It has been seen that, in everything connected with the

manufacture of white lead, there is not a single operation for

which the most rigorous methods are not indicated for the

purpose of avoiding all danger, and one can, therefore, be

assured that they are adopted in all white lead factories,

because, apart even from the sentiment of common humanity,
the principal is compelled to apply them, it being taken for

granted that all white lead, diffused through the atmosphere,

constitutes a loss which must be avoided, so as to reduce the

cost price as low as possible. There is, however, an obstacle

which often opposes itself to the manufacturer anxious for

the health of his workmen, and that is the negligence of the

latter, to whom it is often very difficult to apply the most

elementary means of preserving themselves from the hurtful

nature of the product which they handle. Thus it has been

mentioned above that eacli man touching the sheets covered

with their scales should have on gloves. Such a method of

preservation is very simple, and yet workmen do not adopt it

in spite of the recommendations which have been made to

them. One cannot, therefore, urge too strongly that an

assiduous supervision should, every moment, be exercised

over all the staff at whatever spot they may happen to be

posted. It is well understood that the same supervision

ought to be brought to bear on all the plants destined to

evacuate white lead dust, or to collect such in depositing

chambers.

Outside the average workmen, who scrupulously follow all

the precautions recommended to them, there exist constitutions

particularly inclined to lead poisoning. Thus the principal,
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who engages a new workman would do well to submit him to

the inspection of the factory doctor, and if the latter recog-

nises in him one of these peculiar constitutions he ought to

cause him to be excluded from the staff of the factory.

Amongst the antidotes for lead, milk seems to be that

which is the most efficacious; white lead manufacturers

therefore do well to use it freely. In this way the author

has seen, at the factory of M. Expert-Besangon, this use

made imperative. In this factory, in a large hall, remote

from the manufacturing buildings, three distributions of milk

are made, the first at six o'clock in the morning on the entry

of the workmen, the second at nine o'clock, and the third at

three o'clock. To the nine o'clock dose there is added a

teaspoonful of a solution of hyposulphite of soda (150 grammes

per litre, i.e. 150 grains per 1000 grain measure, or
1-J Ibs. to

the gallon).

Amongst the other hygienic measures appertaining to the

individual, this same firm has installed a large dressing-room,

and wash-stands, where each workman possesses his cupboard
with two compartments, the one for working clothes, provided

by the firm, the other for his town clothes, which he must

put off on entering the factory, not to put them on again until

he goes out of it.

The workmen are required, during time for which, more-

over, they are paid, to wash very carefully their hands and

faces, and to wash out their mouths before quitting the

factory. For that purpose they have at their disposal hot

water, soap, towels, and sodium sulphide. This product,

which precipitates lead as black insoluble sulphide, in fact,

warns the workman if the washings which he has performed

have well eliminated the lead which he might carry about him.

Installations of shower-baths, and bathrooms, by which

twenty-five baths can be given in the same day, complete the

installation made to provide for the hygiene of the workmen.



TOXICOLOGY OF WHITE LEAD 65

Finally, a doctor inspects each of the workmen at least once

a week, keeps a very complete register, as to the state of health

of each workman, whom he can follow up, and not hesitate

to stop working, if he sees the least sign of poisoning.

These are excellent measures which cannot be recommended

too much, and which all white lead manufacturers should

energetically impose on all their staff.

The hygienic measures to be taken by the users of white

lead, principally painters and glaziers, are very difficult in

application, because the workmen in question for the greater

part are spread through workshops of greater or less importance,

are left to themselves without supervision, their negligence,

their heedlessness of the danger, often cause them to neglect

the recommendations, nay, even the orders, intended to protect

them from a terrible evil.

It seems likely that the most efficacious means of preserving

the painter from lead poisoning would be found in the educa-

tion of the apprentice. The latter should be warned, as soon

as he commences to learn the trade, that he has to handle one

of the most dangerous of products, and this warning should be

renewed on every occasion. It is necessary also that he be

interdicted from smoking, especially cigarettes, the paper
of which he impregnates with white lead. It is necessary

also to accustom him never to quit the workshop without

washing his hands and face, and rinsing his mouth. It is

also necessary to train him to keep all his tools, brushes,

knives, truck handles, etc., in a state of fastidious cleanliness.

Finally, it must be stated that, as in the case of white lead

factory workers, there are painters to whom on account of their

constitution, the trade of painter should be forbidden.

Amongst painters, there is a specialist who is more liable to

lead poisoning, and that is the enduiseur, or filler-up. But as

regards him, also, it is a case of training. The e?iduiseur, in

fact, has the very bad habit of holding the white lead which

5
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he has to apply with the knife, in his hand. ^N"ow it seems

that if from the beginning of his apprenticeship this workman

were trained to work with gloves, or to hold his putty on a

palette, he would, once accustomed to this method of precaution,

have the same skill as the present enduiseur (filler-up).

Finally, another very dangerous operation may be pointed

out. It consists in sand-papering or pumicing coats of stiff white

lead paint. The dust which is produced during this operation,

being easily absorbed by the workmen either by the alimentary

canal, or by the lungs. The best and most simple means con-

sists in never doing this class of work without keeping the

paint or filling-up so treated drenched with water. The dust

in question is then immersed in water, as soon as produced,

and is not diffused into the atmosphere.



CHAPTER VII.

ZINC WHITE ITS PREPARATION.

fTlHE idea of substituting zinc oxide or zinc white for white
--

lead, in painting, is not new; it goes back to 1780.

Some attribute it to Courtois, a demonstrator of the laboratory

of the Academy of Dijon ;
others to Gtiyton de Morveau,

magistrate at the Court of Dijon, of whom Courtois would

have been the collaborator. Whatever may be the real truth,

these two names are associated with this idea, which had only

a philanthropic object in view : to save from the scourge

of lead poisoning the unfortunate white lead workers, who,

owing to the as yet still primitive methods of manufacture of

that epoch, were continuously liable to lead poisoning by the

white lead dust, which was very abundant in all white lead

factories.

The enormous difference in cost which existed between zinc

oxide, which then sold at 8 francs the pound (8 limes la livre),

whilst white lead did not reach a quarter that sum, caused the

efforts of these two philanthropists to come to grief, and it was

not until half a century afterwards that a painter of Paris,

John Leclaire, again took the matter up, and, after numerous

experiments, was able to mix zinc oxide with oil, to form a

paste capable of serving as a base in painting. This base did

not dry sufficiently well. John Leclaire invented the process

of boiling linseed oil with manganese dioxide, which yielded

him an oil which dried as well as the boiled oil then in use,

which was litharge-boiled oil. He thus replaced the lead

67
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compound by a harmless one, and the oil rendered siccative by
this method, added to paint with a zinc oxide basis, was made

to dry very rapidly.

Principal of an important firm of Paris painters, a firm,

moreover, which is still in existence, John Leclaire used zinc

oxide very extensively in his numerous undertakings. As he-

was a very clever craftsman, he knew how to make an excellent

use of the new material, and it may be said that it is to him

that we owe the definite introduction of zinc white into paint-

ing, the use of which increases every day.

PREPARATION OF OXIDE OF ZINC FROM THE METAL.

Zinc oxide, at the present day, is prepared by two different

methods: (I) from metallic zinc; (2) from zinc ores. The

second, a comparatively new process, is but little used in Europe.

On the other hand, it has assumed a great development in the

United States. It enables comparatively poor ores to be

utilised, and furnishes an excellent yield. America, therefore,

exports large quantities of this product into Europe, which is

known in commerce under the designation of American zinc

white, or American zinc oxide.

The preparation of zinc oxide from the metal is very simple.

Its principles will only be recalled very briefly. All chemical

treatises give this manufacture in all its details. Metallic

zinc is distilled in crucibles, or retorts, and brought to the

temperature of distillation, the metal becoming inflamed by
contact with the air, produces the oxide. Moreover, it may be

added that it is almost impossible to melt zinc without pro-

ducing the oxide.

The retorts in which the metal is distilled are of refractory

clay, with generally the following inside dimensions : length, 1

to 1*4 metres; width, 35 centimetres; depth, 10 centimetres.

Their sides are more or less thick, according to the nature of

the refractory earth of which the retorts are constructed.
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These retorts, closed at one end, have a rectangular opening

at the other, 24 centimetres wide by 4 centimetres high it

is through this orihce that the retorts are charged with the

metal, in ingots, and it is by the same orifice that the metallic

vapours escape.

The general plan of the furnaces used for the distillation of

zinc comprises a furnace, formed by a grate, 3 metres long,

above which, to right and to left, are placed groups of two

superimposed retorts, installed in such a way that the flame

of the furnace can lick the sides. Each group of retorts is

separated from its neighbour by a refractory partition. Often

the furnaces are placed in juxtaposition by their end, and a

single chimney placed in the centre serves both. Each of these

furnaces comprises up to as many as 10 groups of 2 retorts,

say, 20 in all, or 40 when the furnace has a double grate.

The front of the retorts, that is to say, the orifice, ends in a

special piece constructed of refractory earth called the guerite

(literally, sentinel's box), into which the metallic vapours pass

as soon as they issue. This guerite, which is vertical, ends

underneath in a nue, bringing atmospheric air intended for

the combustion of the zinc above
;

it ends above in a wrought-

iron pipe, through which the vapours pass, which are drawn

to it by a draught chimney, placed at the end of the apparatus.

The wrought-iron pipe itself ends in what they call a coil,

and which itself also consists of a series of wrought-iron pipes,

in the shape of several successive A
T
's, in which a first separation

of the vapours converted into oxide is effected. At the bottom

of each V a hopper is fixed, leading these products to special

receivers. As they issue from the cooling tubes or coils, the

fumes penetrate into depositing chambers, and their temperature

then ought not to exceed 50 C. The depositing chambers

generally comprise eight to nine vertical chambers, each one

of which being divided into two equal parts by a partition,

which, rising from below, does not reach quite to the top, it
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follows that the vapours, passing into the interior of the

chamber, rise vertically, glide over the top of the partition,

redescend on the other side of the partition, penetrate from

below into the next chamber, where they follow the same

course, and so on, up to the last, which ends in the draught

chimney, from which it is separated by tight wire gauze

intended to arrest all the particles which the current of air

might draw into the chimney. The path thus imposed on the

metallic vapours attains a length of about 850 metres, and

ensures the complete deposition of all the oxide which is

produced.

It has been mentioned that the cooling tubes were provided

with hoppers, intended to collect the condensed products. It

must be added that, in the first tubes, hardly anything but

metallic zinc dust is collected, then, further on, this same

product, mixed with a little oxide, the mass in its entirety

showing a grey tint. This product, ground in oil, forms a stone

grey, or a slate grey of very good quality. Further on still,

the same mixture is found, but much more rich in oxide, which

is itself pure enough. Finally, in the depositing chambers,

only zinc oxide is collected. The whitest and the lightest

in density is deposited in the part nearest the draught chimney,

the other chambers furnish zinc oxide, of greater and greater

density, in proportion as they recede farther from the draught

chimney, but of which the shade remains, even in the case of

the most dense, of a very pure white.

Commercially, zinc oxides are distinguished thus : the

lightest, and consequently the most white, bears the name of

snow white, then come No. 1, No. 2, and No. 3, then commence

the greys, which form more or less numerous brands, according

to the factory. It may at once be said that snow white is very

little used in painting. It is only used for fine paints in

tubes
;

its most considerable outlet is in perfumery, in the

nianufacture of_ rice powders, face powders, and other products,
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House decoration only utilises JSTos. 1, 2, and 3. With a

furnace of 40 retorts, 27 tons of zinc can be distilled in

twenty-four hours, with the consumption of about 12 tons

of coal. The theoretical yield indicates that 100 Ibs. of zinc

ought to produce 125 Ibs. of zinc oxide, but, in practice, the

furnaces give a yield of 5 to 10 per cent, less than theory.

It will be seen by the above that the consumption of fuel

reaches 40 to 45 kilogrammes per 100 kilogrammes of metal

heated
;
also that all the improvements, in this method of manu-

facturing zinc oxide, have been brought to bear on the system
of furnaces with the view of reducing the coal bill.

It must further be mentioned very white oxides of zinc are

only obtained by the use of very pure metal, and that old zinc

always containing solder and consequently lead, which would

soil the zinc oxide, should be rejected. Some manufacturers

have, however, been enabled to use old zincs, by causing them

to undergo a previous process of refining. Cadmiferous zincs

ought to be rejected, as they impart to the oxide a very dis-

tinctive yellow coloration.

PREPARATION OF ZINC OXIDE FROM THE ORE.

The manufacture of zinc oxide from the ore being much
more recent, and less known than that which has just been

recalled, it will be described with a few more details.

It is to Wetherill to whom this process, which has under-

gone some modifications in details since its conception, is due,

but the principles of which are always the same.

The course of this process may be summed up thus

1. Reduction and volatilisation of the zinc at high tempera-
ture.

2. Reoxidation of the metal in the state of vapour, at a

slightly higher temperature.

3. Cooling of the gases and condensation of the zijic

oxide.
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The reduction and volatilisation is effected in a furnace of

a very simple form, and which consists of a semicircular arch

resting on two uprights ;
the inside is divided horizontally into

two parts by a grate which leaves above, under the keystone

of the arch, the same height as underneath
;
the first of these

serves as the furnace, the second as the ashpit.

The grate deserves special mention on account of its peculiar

shape. Designed by Wetherill, the inventor of the process, it

consists of iron plates 25 to 38 millimetres thick, pierced with

conical holes, of which the upper diameter varies from 6*3

millimetres to 1 centimetre, and the lower is 2*5 centi-

metres. These holes are uniformly distributed at the rate of

100 per 1-075 sq. metre
(1 square foot). These plates are

real firebars, because their length is equal to that of the

furnace, for a width of 15 centimetres. They are retained

transversely by lintels or narrow iron bars, so as not to obstruct

the holes, their number is therefore relatively large generally,

16 per row of plates. It has been attempted to replace these

plates by bars which almost fit into each other, analogous to

the bars of the grate of the furnace, but the author understands

that the results have not been very satisfactory.

The width of the furnace, or at least of the arched flue, is

somewhat variable
;
in the beginning it was made 90 centimetres,

then it was brought to 1 '5 metre, and at the present time it is

1 '2 metre, this last dimension appearing the best. As regards

the length, it remains somewhat uniform, and fixed at 1'05

metre
; however, it is sometimes extended to 3 metres, but

then the furnaces are each provided with a door, at each

extremity, instead of one only, at one of the ends, as in the

fours courts. It has been, moreover, attempted to increase this

length, by bringing it to 4 '85 metres, but working became

defective.

The ashpit, which has a depth under the grate of 50

centimetres, is closed by a cast-iron door, which is only opened
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once a day, to remove the residues, which have sifted through

the grate. If it be logical, in order to handle the latter, to

throw water into the ashpit, such a course is bad for the

manufacture, steam is produced, which cools the furnace, and is

an obstacle to the exhaustion of the ore being treated.

Through orifices, placed in the side walls of the ashpit, air is

blown in, under the grate, at a pressure of 5 to 10 millimetres

of water.

The arch itself communicates by an opening in its centre,

with a sort of flue which extends the whole of its length. It

is into this that the vapours disengaged above the grate first

pass. It has been tried to use the heat of the sides of this flue

to heat the injection air, which was made to circulate round

about it. Such a procedure was a rational one, and yielded

good results
;
on the other hand, it enormously complicated the

carrying out of repairs, and was finally abandoned. It has, up
to now, been said that the arch constituted the furnace; it

would have been more correct to say that it formed one section

of the furnace, because the apparatus, as a whole, comprises a

larger or smaller number of these arches in juxtaposition, and

all identical with that just described.

The reoxidation of the zinc vapours is produced in the

same apparatus, owing to the space that these find above the

charge which covers the grate and the flue on the top of the

arch, a space which is at a very high temperature ; however,

according to the nature of the mineral treated, this reoxidation

may be incomplete, and it is necessary to see that the vapours

are not again cooled as they issue from the furnace, properly so

called, that is to say, on their entrance into the top flue. When
this occurs, the zinc oxide is greyish, whether from zinc dust

or coal dust. In many installations this inconvenience has

been obviated by making fireclay arches above the furnace

proper, leaving between them two chambers which the gas

traverses in a serpentine fashion
;
this principle,

it will be seen,
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is intended to maintain the temperature of the disengaged

vapours.

It has also been attempted to convey the vapours into

wrought-iron pipes rising to a certain height above the furnace,

and ending, in another pipe, likewise of wrought-iron, parallel

with the axis of the furnace, and acting as a collector. This

system, in reality a very simple one, has the disadvantage of

yielding defective products.

To sum up, the different improvements brought to bear on

the Wetherill furnace have never given very satisfactory

results, outside of those the object of which was only more

complete utilisation of the fuel employed.

When the vapours have been kept at a high temperature, to

ensure their oxidation, it is necessary to condense the fumes,

and to precipitate the dust which they produce, which

constitute the desired oxide of zinc. Now this condensation

or precipitation, experience proves, is not accomplished well

unless the vapours are sufficiently cooled, the more so as

an ever-extending use is being made of cotton or woollen

jackets, which present surfaces to the oxide of zinc, to

which it has a greater natural tendency to adhere than to

the smooth walls of a chamber, and which retain in a more

persistent manner the finer particles, which form the lightest

and the whitest oxide, and consequently the one which users

are most desirous of obtaining. It will be seen, therefore, that

the use of these fabrics is not compatible, unless the tempera-

ture be comparatively low, say, 50 C. (122 F.).

In American factories this question of initial cooling of the

vapours does not seem much trouble to manufacturers, who

generally lead the insufficiently cooled zinc vapours into too large

chambers. In certain European factories, where the Wetherill

process is at work, it has been endeavoured, on the contrary,

to substitute for the chambers, cooling pipes, from which

the oxide passes to depositing chambers, as in the manufacture
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of zinc oxide from the metal. This solution appears perfectly

rational, provided sufficient capacity be given to these coolers.

The following is a description, according to Lodin (Metatt-uryw

<lu Zinc, A. Lodin, Ingenieur en chef des mines), of how the

plant has been installed at South Bethlehem, which has

served as a type for the greater number of American factories :

From a bench of Wetherill furnaces the vapours kept hot

issue through vertical wrought-iron pipes, which are collected

together into one large pipe, also of wrought-iron, fixed

horizontal above the bench of furnaces. It is as they issue

from this collector that the vapours are cooled. To accomplish

this, they first pass into a comparatively low tower; entering

by the top, they descend towards the bottom, where there is an

aperture which conveys them to a second tower, 7 '5 metres in

diameter and 21 metres high. The vapours circulate in this

second tower from bottom to top, and in its upper part pass

by two pipes of 1'8 metre, which descend parallel with the

tower, and at the bottom of each of which a fan is fixed, which

propels the cold vapours into the depositing chambers. The

latter built of masonry are 30 metres long, 6 metres wide, and

their available height is 7 metres. In the axis of their upper

part, and extending all their length, runs a large wrought-iron

pipe, from which pipes of less diameter branch off on either

side. Each of these branch pipes comprises two tubulures,

turned towards the ground, to which are fastened cotton

jackets, ending in receiving vessels. Filtration is effected

through these jackets, which are beaten at intervals by wooden

sticks two succeeding branch pipes are enclosed by a partition,

which divides the chamber into as many small compartments
as there are pairs of branch pipes. These compartments must

be carefully ventilated when the jackets are being beaten, so as

to avoid the initial stages of asphyxia, which the workers would

suffer in an atmosphere supercharged with very fine dust.

The use of the fan to aspirate the vapours has the advantage
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of causing such a depression in the furnaces as to render

blowing unnecessary. On the other hand, its working
is handicapped when the vapours have a temperature
below 100 C., for then the steam from the ore, and the fuel

even, if that always be coke or anthracite, condense and

agglomerate the zinc oxide dust, which collect on the sides of

the fan and stop it from working. This inconvenience is easily

remedied, it is true, by fixing the fan in the spot, in the

circuit of the vapours, where the temperature does not

fall below 100 C. (212 F.) or by two fans. When the first

is obstructed, a damper enables the second to be brought into

use, and the first cleaned.

The grading of the products is done, as in the old way of

making zinc oxide, the whitest and the lightest are to be found

at the end of the circuit.

The routine of the work is as follows : The treatment of a

charge lasts six hours. The work is graduated, from hour to

hour, so as to form a continuous system of working.
When starting an operation, the grate is well cleaned with

the rake, the sides of the furnace are brought to a bright red,

a layer of non-bituminous fuel is thrown on the grate,

coke or anthracite of the size of a nut. It is generally

allowed that the weight of lighting fuel varies from 40 to 45

per cent, of the ore treated, the latter being normally 60 to 65

kilogrammes per square metre of grate surface. The thickness

of the layer of fuel is about 3 centimetres, with anthracite, and

double that with coke.

The thickness of the fuel which takes fire almost instantan-

eously by radiation from the walls of the furnace is rapidly

made uniform. The door is closed, and it is given the draught

or "
wind," regulated by a damper; when all the layer is in

active ignition, an intimate mixture of the ore in the form of

grains, and coal, slightly moistened, is projected on its surface,

the weight of the coal representing 40 to 50 per cent, of the ore.



ZINC WHITE ITS PREPARATION 77

It has been tried to increase the thickness of the layer by

bringing it up to 35 and even to 45 centimetres, but the results

obtained were bad, for the residue then contained 10 to 13 per

cent, of zinc, even although the operation had been prolonged

twelve to twenty-four hours. The mixture once charged, and

evenly spread, say, about an hour, or an hour and a half, from the

time the furnace was cleaned out, the working door is hermet-

ically sealed, by piling against it the ashes and the clinkers, and

the pressure of the draught is gradually increased, for three to four

hours. The disengagement of zinciferous vapours first increase in

a progressive manner, then diminish afterwards. When it has

almost ceased, the blower is stopped, and the operation is

finished. The grate is cleaned out with the rake, preserving

the residuum, which may be treated specially. Lodin defines,

in the following terms, the chemical reaction, which occurs in

the preparation of zinc oxide, by the Wetherill process :

"The inversion of equilibrium, induced by a lowering of

temperature, on a mixture containing zinc vapours, carbonic

oxide, and carbonic acid, is a phenomenon which constantly

intervenes in the metallurgical treatment of zinc, the conse-

quence is that dusts are produced which are less abundant in

the case of reduction in closed vessels, but become absolutely

predominant in reduction by the arched furnace. This

inversion of equilibrium can, by itself, sufficiently explain the

mechanism of the Wetherill process.
" In reality, it is not at the expense of the C02

that the

reoxidation of the volatilised metallic zinc is effected. The

thickness of the layer of substances on the grate would not be

sufficient to transform the oxygen of the wind into carbonic

oxide, even if that layer were composed completely of fuel.

Now the ore predominates there, and the fuel is too dense,

to rapidly react on the oxygen. The wind, on the other hand,

traverses the charge at a considerable speed. It can therefore

be foreseen that the gaseous products of the reaction, in
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addition to nitrogen and a little steam, only contain carbonic

acid and oxygen to the exclusion of carbonic oxide.
"
Experience confirms this way of looking at the subject.

I have had occasion to make some analyses of gases taken from

the working part of the Wetherill furnace, and found therein

an excess of oxygen during all the phases of treatment. This

excess is comparatively small in the beginning of the operation,

when blowing is not so energetic ;
it may then be reduced to

about 2 per cent. It increases gradually, towards the end of

the operation, in proportion as blowing comes more energetic,

and the temperature increases
;

it is then 7 to 12 per cent.

It is higher when wind is directly introduced into the working

part of the furnace than when blowing is confined to the

ashpit.
" An insufficient excess of oxygen generally produces a more

or less grey white.

"
Secondary admissions of air are sometimes made in the

working part of the furnace, sometimes in the collector above

the furnace, when there is one."

As in manufacturing zinc oxide from the metal, the purity

and whiteness of the product obtained by the Wetherill process

depends on the quality of the ore.

When the ore contains lead, the lead is to a great extent

volatilised with the zinc, and is afterwards found in the state

of carbonate, sulphate, and oxide.

Silver is still more obnoxious than lead, as, even when the

zinciferous ore only contains 100 grammes to the ton, the zinc

oxide assumes a very decided grey tint. Arsenic and antimony

are equally bad, but colour the white less than lead and

silver.

As regards iron, opinions are divided
; apparently the iron

does not volatilise, and is not entrained by the oxide of zinc

produced which would appear to confirm the long practice

of certain American firms, whose product is absolutely free
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from iron. Nevertheless, some brands of zinc oxide, manu-

factured by the Wetherill process, reveal on analyses appreciable

quantities of iron.

Although it would be very difficult to say exactly what the

ores are that are treated, because a mixture of ores from different

sources is always taken, yet it is known that some United

States factories use Franklinite, Wilhelmite, and a little zincite,

these different minerals entering into the mixture in variable

proportion.

The treatment of a ton of this mixture requires 100 to 130

kilogrammes (2 to 3 cwts.) of coal; a workman can treat 120

kilogrammes (264 Ibs.) of ore per hour, but, as the working of

the furnace is somewhat laborious, the same man cannot stand

it longer than eight hours, the cost of labour is therefore got by

saying that a ton of ore requires the labour of two workmen's

days. As stated in the beginning, the Wetherill process is only

applicable to poor ores, and, moreover, ores of a certain quality,

which would appear to explain why this process is only

developed in America, where such poor ores exist. In Europe,

where ores, testing up to 45 and even 50 per cent, of zinc, are

treated, the Wetherill process requires a very protracted length

of time for an operation, which increases the working expenses

very considerably.

Besides the fact that zinc oxide, directly extracted from the

ore, has not got the brilliant whiteness of that produced from

the metal, and that that is due to its molecular condition, as

already stated, it has, moreover, a much more feeble apparent

density. Numerous apparent density tests made by the author

on the two oxides, as delivered to the trade in pressed casks,

have always given, for the first, a density of O'SOO, whilst the

density of the second was always above 1. This difference is

again to be attributed, in the author's opinion, to the different

molecular condition of the two products.



CHAPTER VIII.

GRINDING OF ZINC WHITE TO A STIFF PAINT IN OIL.

r/INC oxide, intended for painting, is delivered as a stiff

paste in oil. This oil is poppy seed oil, when the product

is intended for use on very particular work requiring perfect

whiteness. Linseed oil is substituted for poppy seed oil when

the paint is to be used on general work.

The preparation of this paste could not be more simple, it

comprises two operations : (1) mixing; (2) grinding.

Mixing is done in mixers analogous to those used in white

lead factories. They ought, however, to be considerably more

capacious, because zinc oxide is run into them in the form of

a dry powder of an apparent density of 1*0, whereas the paste

in oil presents a density varying from 2 '5 to 3 according to

the amount of oil incorporated. Poppy seed oil or linseed oil

is run into the mixer pug mill, and the mixer started, and in

order to yield an intimate mixture fit to pass through the rolls

is kept at work for at least an hour.

The word " mixture
"
has been used advisedly by the author,

for it is very decidedly and very clearly established that the

two bodies zinc oxide and oil have no affinity for each other,

and that no combination occurs between them
;
therefore the

whole secret in obtaining a good paste consists in effecting the

most perfect mixing of the two bodies in question.

From the fact that the paste to be obtained is only a mere

mixture, the relative quantities of the two substances to be

brought in contact is essentially variable
;
when the mixing

80
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is done with poppy seed oil from 75 to 80 parts by weight

of zinc oxide is used to 25 to 20 parts by weight of oil.

According as the oil enters in larger or smaller quantity, the

paste obtained is less or more compact, and its density is less

or greater. The greater the percentage of oil, the more prompt
is the mixing ;

and conversely, when mixing is done with

linseed oil, the proportion of oil should be reduced. The

mixings most generally used are 80 up to 83 of zinc oxide,

and 20 down to 17 of oil. The advantage of using linseed oil

is that it gives a better drying paint than poppy seed oil,

but this difference in drying is exclusively due to the nature

of the oil.

When mixing is finished, which is known by the mixer

yielding quite a homogeneous product, the paste is passed

through rolls identical with those used for white lead manu-

facture.

The greater the length of time the mixing has been prolonged,

the quicker can be the passage through the rolls. In the early

days of this manufacture, the paste issuing from the mixer

passed successively into three sets of rolls in which the rolls

were gradually set closer and closer. But, it must be added,

that at that time grinding was done exclusively in poppy seed

oil, with which several passages through the rolls in succession

have no bad effect. With linseed oil, especially old tanked oil,

repeated grindings tend to render the paste tacky (stringy).

In order to remedy this it was proposed to add 1 to 3 per cent,

of water, but this plan has never given good results, because if

it prevented stringing for the time being, it yielded a product

which rapidly hardened and often solidified in bulk. Now-

adays, therefore, it is preferred to prolong the mixing and only

pass the paste once through the rolls.

Too prolonged mixing has also its defects, and never yields

a good product. As to the cause of this inferiority of the

resulting product, opinions are divided
;

it seems to the author
}
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judging from his own experience, that it is to be found in the

heat, sometimes rather considerable, to which the paste is

exposed, especially when the mixer is continuously at work

for a whole day. The heat produced by the friction of the

parts of the mixer in motion, added to that of the molecules

of oxide, the one against the other, tend to deteriorate the oil,

or at least to modify its original nature by the production of

secondary products, the presence of which in the paste has

the most bad effect. Some test experiments, made by inten-

tionally heating the mixers on the one hand, or cooling them

on the other, have shown that better results were obtained by

cooling than by heating the mixer.

Going beyond the question of the consistency of the paste

which it is desired to obtain, which regulates the amount of

oil to be mixed with the oxide, it must be remarked that the

lower the apparent density of a zinc oxide falls, the more oil

it requires to form a paste of a predetermined consistency.

Thus, for the same manufacture, snow white will absorb more

oil than No. 1 white, the latter more than N'o. 2. This is also

why zinc oxide made from the metal, being more dense than

that extracted from the ore, takes less oil than the latter in

grinding. All grinders are, moreover, agreed on that point,

and find that American zinc oxide requires more oil to bring

it to the same form of paste than zinc oxide made from the

metal. Livache, who has occupied himself greatly with painters'

materials, has even determined that the fact is not peculiar to

zinc oxide, but is generalised for all pulverulent powders, which

caused him to enunciate the following law :

" The amount of

oil should increase in proportion as the density of the solid

matter diminishes, and for two substances of different densities,

the quantities of oil ought to be in inverse ratio to the

densities." This law is almost exact in this sense, that it

is necessary to understand, by density, the weight of a

determined volume of the products concerned. If, for example,
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we take barium sulphate, it is known that its volume will be

more bulky the weaker the liquors by which its precipitation

has been effected. Now this is always barium sulphate, the

absolute density of which is ever the same, but the molecular

condition of which is different. If, therefore, barium sulphate,

precipitated in concentrated liquors, yields a product with

a greater apparent density than that of the same product

in dilute liquors, the former will require less oil to convert

them into a paste of given consistency than the second. It is

necessary, therefore, in interpreting Livache's law, to read the

word "
density

"
as the apparent density of the product.

As it issues from the rolls, the paste of zinc oxide is fit for

delivery to consumers. This delivery is always in zinc tins,

or in tinned iron vessels hermetically closed by a soldered lid.

The tin is itself packed in a wooden receptacle, which is

simply a cask of white wood with staves which fit more or

less exactly, and in which no endeavour is made to make it

water-tight, but merely a protecting envelope for the tin,

generally made of excessively thin metal. It is usual, in

the French zinc white stiff paint trade, to include, in the net

weight of the product, the weight of the metal
;
the wooden

envelope alone constitutes the tare deducted from the gross

weight.

Zinc white stiff paint must never be packed in wooden

casks, that material being capable of absorbing the oil, which

has such a great tendency to separate from the product, and in

a very short time the latter would be deteriorated.

When it is desired to preserve zinc white stiff paint in a

newly opened receptacle, or in one that is in use, the surface

of the product is covered with a slight layer of oil.



CHAPTEK IX.

ZINC WHITE PAINT AND ZINC WHITE COATINGS

THEIR MERITS AND DEFECTS.

white stiff paints are treated absolutely in the same^
way as white lead stiff paints. That is to say, the desired

colour is added to the zinc white pastes in oil, then a mixture

of linseed oil, spirits of turpentine, and of liquid or solid

dryer, so as to bring the paint to the desired fluidity for

application.

To make zinc white putty, or filler, the zinc white is

never used pure, but finely pulverised and sifted Paris white

is added to it. The proportions in which the Paris white

enters vary according to the ideas of the craftsman, but it

ought to be said that they are always rather high, stiff zinc

white paint, ground in oil alone, lending itself very badly to

the making of putty, or fillers.

The properties of zinc white paints and putties, or fillers,

are those of zinc white itself, which possesses an inalterable

whiteness and communicates quite a peculiar freshness to the

paints of which it forms the basis
; besides, if noxious

ingredients have not been added to the zinc white paste in

oil, its use is absolutely harmless.

As to the defects which are very justly urged against zinc

white, and the paint made from it, they are numerous

enough. Zinc white covers poorly. It dries poorly. It stands

the weather badly.
84
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It is once more to Stas to whom we must refer for an

explanation of these defects. Speaking of zinc white he

expresses himself thus :

" Let us see what takes place when zinc white and oil are

mixed, and when such a paint is exposed to dry, applied on an

object. The zinc white suspends itself in the oil, but however

long may be the duration of the contact of these two substance.-,

whether there be presence or absence of air, whether the oil be

fresh or recent, tinder no circumstances whatever does any

appreciable quantity of the zinc oxide dissolve in the oil."

"
If water be made to intervene, and the contact between the

oil and the white be prolonged, whilst slightly elevating the

temperature, a very small quantity of the oil saponifies ;
the

linoleate and the margarate of zinc, products which dissolve

in the oil whilst hot, never remain dissolved in the oil after

cooling. By directly bringing linoleate and margarate of zinc

in presence of oil at a high temperature, these zinc salts

dissolve in greater or less amount, but separate entirely out on

cooling to such an extent that the oil, in this case, scarcely

contains more than two parts in a thousand of zinc oxide in

solution. Thus, as far as regards the circumstances in which

paint is made and used, it may be said that zinc oxide as well

as zinc linoleate arid zinc margarate are insoluble in linseed

oil.

" Linseed oil, which has been in presence of zinc oxide, and

in which linoleate of zinc has been dissolved, dries no better

than linseed oil, before its contact with these substances.

"
By mixing linseed oil, zinc oxide, and borate of manganese,

and abandoning this mixture for several days, in contact

with air, the oil decomposes borate of manganese, and dissolves

the protoxide of that metal. That oil may thus take up as

much as 2 per cent, of that metal, it forms a liquid with a

feeble yellow colour, which, left in contact with air, oxidises

very rapidly and precipitates sesquioxide of manganese, which



86 WHITE LEAD AND ZINC WHITE

colours the solid matter intensely brown. Under such

circumstances no trace of zinc oxide is dissolved in the

oil.

" The linoleate and the margarate of the protoxide of

manganese are very soluble in linseed oil, the solution, which

is colourless, becomes blood red in contact with air. In this

condition it dries rapidly, and communicates this property to

linseed oil. It dries to a red transparent varnish.
"
If we deduce from the preceding facts what ought to

occur in the preparation and the drying of zinc white paint,

and the chemical nature of the coat after drying, we arrive at

the following result : Painting made with the help of a dryer

contains, as has been said, traces of linoleate and margarate of

manganese, the oil solidifies, enveloping the particles of zinc

white, but the solid substance produced, only containing traces

of manganese soap, presents the properties of linseed oil, which

has been made to dry after incorporating an inert body there-

with. As the oxide of zinc does not dissolve in oil, the traces

of manganese which it has been found possible to dissolve

therein, have simply rendered it siccative, and on the drying
of this paint it only consists of zinc oxide, a covering body,

mechanically interposed in oxidised linseed oil.

" Has water been made to intervene during the grinding of

the paint 1 In that case, the zinc oxide interposed in the dried

oil may be mixed with a certain quantity of linoleate and

margarate of zinc, but these salts remain, like the zinc oxide

itself, outside the substance of the oxygenated oil, because

they were insoluble in the oil, in the conditions in which the

paint was applied.

"Zinc white paint, therefore, can form a coat in no wr

ay

whatever more durable than any other paint obtained by

mixing oil with an inert matter."

The author will not discuss the terms, sometimes inexact,

in which this savant tells us of his examination of zinc white
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paints. But he retains the fundamental principle of it, which

is perfectly exact. Zinc oxide, mixed with poppy seed or

linseed oil, enters into no combination with either, and it is

only the mixture of an inert solid substance, zinc oxide, with

a liquid substance, oil, a mixture of which the constituent

principles, in virtue of their great difference in density, only

tend to separate. The proof of this is demonstrated every

day. Let one, in fact, open a vessel containing stiff zinc white

paint in oil, and the oil will be seen to swim about on the top

in a more or less thick layer ;
if the stiff paint is old, the whole

of the oil is on the top, and the whole of the zinc oxide at the

bottom, however well the mixing and grinding have been

executed.

The poor covering power of zinc white is explained by that

simple fact, for in the case of a coat of zinc white paint, the

same separation is produced on the surface, which is covered

by it, and the coat of paint will show the juxtaposition of

solid opaque molecules, and of transparent liquid molecules.

To sum up, it will form on the surface a real canvas enabling

one to perceive through its meshes the paint underneath it.

The poor drying capacity of zinc white is very clearly ex-

plained by Stas. The zinc oxide, forming no combination

with the oil, imparts to it no new property, and its drying

power remains what it was when it existed by itself, that is

to say, comparatively poor.

Finally, the want of durability is also explained by the

same cause. The absence of combination, leading to the separa-

tion of the elements of the paint, zinc oxide, and oil. The oil

in drying forms a varnish on the inert pulverulent body, that

is, on the oxide of zinc, but the resistance of this varnish is

known to be very poor, besides its depth is exceedingly thin,

and it is rapidly worn away by rain, by dust, and by the wind,

etc.

It would seem that owing to the absence of the qualities
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required in a basis for good paint, zinc white should be ex-

cluded from the latter. That is not so, and very fortunately,

for the craftsman has accustomed himself to remedy matters

in different ways.

As regards the poor covering power of zinc white, that is

obviated by applying several coats in succession. The second

coat barely covers the transparent parts, the third and the

succeeding ones complete the gaps which may have been pro-

duced. This great number of superimposed coats increases the

labour, and consequently the cost of the painting which has

been executed, but it is useful to state that painting done in

zinc white is considered as a job to be done in a particularly

careful manner with the custom acquired long since of regarding
it as a more costly transaction.

The defective drying power of zinc white paint can be very
much attenuated by adding solid or liquid driers to the paint.

The author will not say that this is as good as if the paint dried

naturally. But this method enables the execution of a certain

class of work to be accelerated, and the time thus economised

is often worth the sacrifice of a little of the intrinsic quality of

the work.

Finally, the want of resistance to atmospheric agents of

zinc white, or of the paints of which it forms the base being

perfectly well recognised, this product is excluded from all out-

door work, and there remains for it a very great position in

indoor work where its resistance suffices.

To sum up, if zinc white has defects, which are in some ways
fundamental defects, from a pictorial point of view, it has great

properties, as regards the obtaining of effects, in virtue of its

inalterable whiteness, and the freshness which it respects in

bright tints. Thus in all indoor work where either a very pure

white is desired or fresh bright tones, pure zinc white is used,

either alone, or as the basis for making the paints.

The author, however, thinks that zinc oxide suitably treated
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in grinding might very well produce a compound presenting all

the properties which it now lacks. The author's own protracted

personal researches on this point have convinced him that

zinc oxide can, like lead compounds, yield with oil, and particu-

larly with linseed oil, real chemical compounds forming fatty

salts of zinc, which correspond absolutely with the conditions

formulated by Stas, and which he found only to occur with

white lead.

It is to be well understood, however, that it is necessary for

that purpose to modify the current methods of grinding, and

to lose sight entirely of that idea recognised as false, a long

time before our day, and to recognise that it is not enough to

make a stiff paste ground in oil capable of serving as a basis for

paint, by simply mixing as intimately as possible a white

pulverulent powder with oil, so as to obtain a greasy unctuous

paste. What is necessary is to endeavour to obtain the possible

(chemical) combination of these products. It was on these

lines that the author pursued his researches, when applying

himself to find the means of combining zinc oxide with oil.

This combination not being capable of being brought about

directly, and zinc oxide being a very well-defined body, its

properties cannot be changed, it was towards the oil that the

author directed his attention. After having examined all the

oils of which the painter might make a judicious use, the

author stopped short at linseed oil. In virtue of its property of

an organic body, this oil is capable of undergoing most profound
modifications. It is known, in fact, that linseed oil exposed to

the air oxidises, and becomes very drying (the linoleic acid is

transformed into oxylinoleic acid) ;
that oil heated gently to a

medium temperature may likewise gain in drying ;
that heated

rapidly to a high temperature, it thickens, and loses all its

drying properties.

Therefore, by treating linseed oil specially, it is possible to

make from it a body having quite a peculiar affinity for oxide
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of zinc. The author has thus been able to obtain zinc white

pastes in oil, of marked drying properties, covering power, and

resistance. Stiff zinc white paint so prepared never separates

from the oil
; exposed to the air, it covers itself with a skin and

is preserved indefinitely, under a layer of water. The author

has profited by these special properties by applying his paste in

oil, to make steam joints, gas joints, water joints, etc., which

are now done with white lead.

Pushing his researches still further, he has found that ferric

oxide, sesquioxide of chromium, and other metallic oxides may
likewise form fatty compounds, soluble in oil, or in a mixture

of oil and spirits of turpentine, and serve as rational basis in

industrial paints.

Even with an experience more than secular, one should not

entirely condemn zinc white, because the author is assured

that the defects which it exhibits at the present time are solely

due to the fact that sufficient effort has not been made to

make from it with oil a well-defined compound such as those

furnished by white lead and lead oxides.

There, the author believes, is a programme which merits

the attention of chemists more competent than himself; and

then the trade will be in possession of real substitutes not only

for white lead, but for many other articles, the use of which is

justifiably regarded as injurious to the health of the workmen.

Then there will be no need of promulgating laws to suppress

the use of such and such a colour, the craftsman having the

choice between two good products, will choose the one which

exposes him to the least danger.

THE END.
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Spirits of turpentine as paint
thinner, 2, 5, 6, 78.

,, white, 2, 6.

Stone, grey, 70.

Sulphuretted hydrogen action on
white lead, 8, 15, 16.

Supervision of white lead workmen,
63.

THINKERS for paint, 2, 5, 6, 7.

Tightening paint rolls, 33.

Time occupied in white lead paint

grinding, 38.

,, ,, in zinc white paint

grinding, 81, 82.

Tinting colours, 3-7.
Tinned iron packages for white

lead paint, 33.

Toxicology of white lead, 62-66.

Training painters' apprentices, 65.

,, enduiseurs, 65, 66.

Turpentine, spirits of, 2, 5, 6, 7,

78, 90.

VEHICLES for paint, 2.

Velocity of paint rolls, 30.

Verticle paint mixers, 24, 25, 26.

Vulcanisation of linseed oil by zinc

sulphide and lithopone, 48, 49.

WATER grinding, white lead scale

in, 19.

White lead, analysis of, 51, 52.

,, ,, dry grinding in oil, 24,
29.

,, ,, wet grinding in oil, 35-
37.

,, ,, hygiene. See Hygienic
Measures, etc.

,, ,, processes: chamber, 11,

42, 43.

,, Dutch, 10,11, 12-24.

,, ,, English, 12, '45, 46.

,, ,, French or Clichy, 11,
38-42.

, ,, ,, Krems, 12, 44, 45.

Wl ite lead, precipitated, 38-42.

,, ,, toxicology of, 62-66.

Whitening. See Paris White.
White spirits, 2, 6.

Wilhelmite (zinc ore), 79.

YELLOWING of white lead, 28.

Yield of white lead from metallic

lead, 17.

, ,
of zinc white from metal, 71.

ZINC linoleate, 85, 86.

,, margarate, 85, 86.

,, metallic, 68.



Zinc ores, 68.

,, ,, white from, less brilliant

and less dense than
from metal, 79.

,, effect of impurities in, on
oxide produced, 78.

,, oxide, 67-63.

,, ,, grinding in oil, 80-83.

., sulphide, 47-49.

,, sulphate, 5.

INDEX 95

Zinc white, merits and defects, 84-

,, ,, poor covering power, 88.

,, ,, poor drying capacity,
87.

,, ,, poorer quality from ore

than from metal, 79.

,, ,, unsuitable for outdoor

work, 88.

Zincite (zinc ore), 79.
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Paints, Colours and Printing
Inks.

THE CHEMISTRY OF PIGMENTS. By ERNEST J. PARRY,
B.Sc. (Lond.), F.I.C., F.C.S., and J. H. COSTE, F.I.C., F.C.S. Demy
8vo. Five Illustrations. 285 pp. Price 10s. 6d. net. (Post free,
10s. lOd. home; 11s. 3d. abroad.)

Contents.
Introductory. Light White Light The Spectrum The Invisible Spectrum Normal

Spectrum Simple Nature of Pure Spectral Colour The Recomposition of White Light
Primary and Complementary Colours Coloured Bodies Absorption Spectra The Appli-
cation of Pigments. Uses of Pigments : Artistic, Decorative, Protective Methods of

Application of Pigments : Pastels and Crayons, Water Colour, Tempera Painting, Fresco,
Encaustic Painting, Oil-colour Painting, Keramic Art, Enamel, Stained and Painted Glass,
Mosaic Inorganic Pigments. White Lead Zinc White Enamel White Whitening-
Red Lead Litharge Vermilion Royal Scarlet The Chromium Greens Chromates of Lead,
Zinc, Silver and Mercury Brunswick Green The Ochres Indian Red Venetian Red
Siennas and Umbers Light Red Cappagh Brown Red Oxides Mars Colours Terre Verte
Prussian Brown Cobalt Colours Coeruleum Smalt Copper Pigments Malachite

Bremen Green Scheele's Green Emerald Green Verdigris Brunswick Green Non-
arsenical Greens Copper Blues Ultramarine Carbon Pigments Ivory Black Lamp Black

Bistre Naples Yellow Arsenic Sulphides : Orpiment, Realgar Cadmium Yellow

Vandyck Brown Organic Pigments. Prussian Blue Natural Lakes Cochineal Carmine
Crimson Lac Dye Scarlet Madder Alizarin Campeachy Quercitron Rhamnus

Brazil Wood Alkanet Santal Wood Archil Coal-tar Lakes Red Lakes Alizarin Com-
pounds Orange and Yellow Lakes Green and Blue Lakes Indigo Dragon's Blood
Gamboge Sepia Indian Yellow, Puree Bitumen, Asphaltum, Mummy Index.

J

THE MANUFACTURE OP PAINT. A Practical Handbook
for Paint Manufacturers, Merchants and Painters. By J. CRUICKSHANK
SMITH, B.Sc. Demy 8vo. 200 pp. Sixty Illustrations and One Large
Diagram. Price 7s. 6d. net. (P'ost free, 7s. lOd. home

;
8s. abroad.)

Contents.
Preparation of Raw Material Storing of Raw Material Testing and Valuation of Raw

Material Paint Plant and Machinery The Grinding of White Lead Grinding of VVhite
Zinc Grinding of other White Pigments Grinding of Oxide Paints Grinding of Staining
Colours Grinding of Black Paints Grinding of Chemical Colours Yellows Grinding of

Chemical Colours Blues Grinding Greens Grinding Reds Grinding Lakes Grinding
Colours in Water Grinding Colours in Turpentine The Uses of Paint Testing and Matching
Paints Economic Considerations Index.

DICTIONARY OP CHEMICALS AND RAW PRO-
DUCTS USED IN THE MANUFACTURE OP
PAINTS, COLOURS, VARNISHES AND ALLIED
PREPARATIONS. By GEORGE H. HURST, F.C.S. Demy
8vo. 380 pp. Price 7s. 6d. net. (Post free, 8s. home ;

8s. 6d. abroad.)

THE MANUFACTURE OF LAKE PIGMENTS FROM
ARTIFICIAL COLOURS. By FRANCIS H. JENNISON,
F.I.C., F.C.S. Sixteen Coloured Plates, showing Specimens of

Eighty-nine Colours, specially prepared from the Recipes given
in the Book. 136 pp. Demy 8vo. Price 7s. 6d. net. (Post free,

7s. lOd. home; 8s. abroad.)

Contents.
The Groups of the Artificial Colouring Matters The Nature and Manipulation of Artificial

Colours Lake-forming Bodies for Acid Colours Lake-forming Bodies' Basic Colours Lake
Bases The Principles of Lake Formation Red Lakes Orange, Yellow, Green, Blue, Violet
and Black Lakes The Production of Insoluble Azo Colours in the Form of Pigments The
General Properties of Lakes Produced from Artificial Colours Washing, Filtering and Fin-

ishing Matching and Testing Lake Pigments Index-



PAINTS, COLOURS, ETC. continued,

THE MANUFACTURE OF MINERAL AND LAKE
PIGMENTS. Containing Directions for the Manufacture
of all Artificial, Artists and Painters' Colours, Enamel, Soot and Me-
tallic Pigments. A Text-book for Manufacturers, Merchants, Artists
and Painters. By Dr. JOSEF BERSCH. Translated by A. C. WRIGHT,
M.A. (Oxon.), B.Sc. (Lond,). Forty-three Illustrations. 476 pp., demy
8vo. Price 12s. 6d. net. (Post free, 13s. home

; 13s. 6d. abroad.)

RECIPES FOR THE COLOUR, PAINT, VARNISH, OIL,
SOAP AND DRYSALTERY TRADES. Compiled by
AN ANALYTICAL CHEMIST. 350 pp. Demy 8vo. Price 7s. Gd. net. (Post
free, 8s. home

;
8s. 3d. abroad.)

OIL COLOURS AND PRINTERS' INKS. By Louis
EDGAR ANDS. Translated from the German. 215 pp. Crown 8vo.
56 Illustrations. Price 5s. net. (Post free, 5s. 4d. home

;
5s. 6d. abroad.)

Contents.
Linseed Oil Poppy Oil Mechanical Purification of Linseed Oil Chemical Purification of

Linseed Oil Bleaching Linseed Oil Oxidizing Agents for Boiling Linseed Oil Theory of
Oil Boiling Manufacture of Boiled Oil Adulterations of Boiled Oil Chinese Drying Oil and
Other Specialities Pigments for House and Artistic Painting and Inks Pigment for
Printers' Black Inks Substitutes for Lampblack Machinery for Colour Grinding and
Rubbing Machines for mixing Pigments with the Vehicle Paint Mills Manufacture of
House Oil Paints Ship Paints Luminous Paint Artists' Colours Printers' Inks:
VEHICLES Printers' Inks : PIGMENTS and MANUFACTURE Index.

MODERN PRINTING INKS. A Practical Handbook for

Printing Ink Manufacturers and Printers. By ALFRED SEYMOUR.
Demy 8vo. Six Illustrations. 90 pages. Price 5s. net. (Post free,
5s. 4d. home

;
5s. 6d. abroad.) [Just published.

Contents.
Introduction. Division of Labour A Separate Industry Choice of Materials Skilful

Manipulation Some Important Factors The Medium Ink and Colour Mixing A Justifica-
tion. Linseed Oil. Extraction of the Oil Classification Mechanical Purification
Adulteration Boiled Oil Preparation of Boiled Oil An Alternative Process. Varnish.
A Vehicle and Essential Component A Reference to Lithography Baltic Oil Preparation
of Varnish The Modern Method An Old Argument Letterpress Varnish A Cheaper
Medium A Suggestive Recipe Fire Risks Gradations of Varnish. Dry Colours. A
Recommendation An Endless Variety of Materials Earth Colours Mineral Colours-
Substrates Toning Earth Colours Physical Characteristics Colouring Power Brilliance

Purity of Tone Permanence. Dry Colours Blacks, Whites, Yellows Lampblack-
Process of Manufacture Calcination Carbon Black Acetylene Black A Simple Test Lead
and Zinc Whites White Earth Colours Yellows Yellow Ochres Mineral Yellows. Dry
Colours Reds, Browns. Classification of Reds Genuine Vermilions Preparation
Imitation Vermilions Umber, Raw and Burnt Sienna, Raw and Burnt. Blues, Greens.
Ultramarine Blue A Useful Tint Other Similar Blues Cobalt Blues Prussian Chinese
and Bronze Blues A Test for Purity Greens Compound Greens Mineral Greens. Lakes.

Characteristics Lake Derivatives A Point of Importance Red Lakes Madder
Cochineal and Carmine Brazil Wood Alizarine a Coaltar Derivative -Yellow Lakes Blue
Lakes Green Lakes. The Grinding: of Printing Inks. Ink-grinding Machinery Ink-

grinding Mill A Novel Machine Hand Grinding Treatment of Gritty Colours A Question
of Proportion -Approximate Calculation Soap Saturation Friction Heat Consistent

Grinding. Ink and Colour Mixing-. A Necessary Acquisition Ink Mixing Defined Mixed
Green Inks Mixed Brown Inks Tints Ink Mixing Lithographic Inks Characteristics of
Yellows Mixing Vermilion Ultramarine and Other Blues Bronze, Prussian and Chinese
Blues Working Consistency Reducing Medium Letterpress Inks Gloss Inks Three-
colour Inks Ink-mixing Machine. The Characteristics of Some Printing

1 Processes.
A Supplementary Discussion Letterpress Inks Three-colour Printing Lithographic Printing
Ir.ks An Important Feature Suggestive Points Tinplate Printing. Driers. A Valuable

Auxiliary Energetic Drying Inks The Theory of Drying Liquid Driers Terebene Paste
Driers Letterpress Driers Powder Driers Turpentine as a Drier. Bronze Powders and
Bronzing. A Brief Justification Bronze Printing Inks Bronze Powders The Process of
Manufacture Preparation of the Leaf Grinding and Grading Bronzing Mediums Requisite
Qualities Wax Varnish. "Things Worth Knowing." A Record of Notes and
Experiences Index.

(See also Writing Inks, p. n.)

THREE HUNDRED SHADES AND HOW TO MIX
THEM. For Architects, Decorators and Painters.

(See page 28.)



PAINTS, COLOURS, ETC. continued.

CASEIN. By ROBERT SCHERER. Translated from the German
by CHAS. SALTER. Demy 8vo. Illustrated. 160 pp. Price 7s. 6d.

net. (Post free, 7s. lOd. home
;
8s. abroad.)

Contents.
Casein : its Origin, Preparation and Properties. Various Methods of Preparing

Casein. Composition and Properties of Casein. Casein Paints. " Marble-Lime "

Colour for Outside Work Casein Enamel Paint Casein Facade Paint Cold-Water Paint in

Powder Form History's Recipe for Casein Paint and Varnish Pure Casein Paints for Walls,
etc. Casein Paints for Woodwork and Iron Casein-Silicate Paints Milk Paints Casein-
Silicate Paint Recipes Trojel's Boiled Oil Substitute Calsomine Wash Quick-Drying
Casein Paint Boiled Oil Substitute Ring's Cold-Water Paint Formolactin Waterproof
Paint for Playing Cards Casein Colour Lake Casein-Cement Paint. The Technics of

Casein Painting. Casein Adhesives and Putties. Casein Glue in Plates or Flakes
Jeromm's Casein Adhesive Hall's Casein Glue Waterproof Glue Liquid Casein Glue
Casein and Borax Glue Solid Casein Adhesive Casein Solution Glue Powder Casein
Putties Washable Cement for Deal Boards Wenk's Casein Cement Casein and Lime Cement
"Pitch Barm" Casein Stopping Casein Cement for Stone. The Preparation of

Plastic Masses from Casein. Imitation Ivory Anti-Radiation and Anti-Corrosive Com-
position Dickmann's Covering for Floors and Walls Imitation Linoleum Imitation
Leather Imitation Bone Plastic Mass of Keratin and Casein Insulating Mass Plastic
Casein Masses Horny Casein Mass Plastic Mass from Celluloid Casein Cellulose Compo-
sition Fireproof Cellulose Substitute Nitrocellulose and Casein Composition Franquet's
Celluloid Substitute Galalith. Uses of Casein in the Textile Industry, for Finishing
Colour Printing, etc. Caseogum

" Glutin "Casein Dressing for Linen and Cotton
Fabrics Printing Colour with Metallic Lustre Process for Softening, Sizing and Loading
Fixing Casein and Other Albuminoids on the Fibre Fixing Insoluble Colouring Matters-
Waterproofing and Softening Dressing Casein for Mercerising Crepe Fixing Zinc White on
Cotton with Formaldehyde Casein-Magnesia Casein Medium for Calico Printing Loading
Silk. Casein Foodstuffs. Casein Food Synthetic Milk Milk Food Emulsifiable Casein
Casein Phosphate for Baking Making Bread, Low in Carbohydrates, from Flour and Curd
Preparing Soluble Casein Compounds with Citrates Casein Food. Sundry Applications

of Casein.

SIMPLE METHODS FOR TESTING PAINTERS'
MATERIALS. By A. C. WRIGHT, M.A. (Oxon.), B.Sc.

(Lond.). Crown 8vo. 160 pp. Price 5s. net. (Post free, 5s. 3d.

home ;
5s. 6d. abroad.)

IRON - CORROSION, ANTI - FOULING AND ANTI-
CORROSIVE PAINTS. Translated from the German of
Louis EDGAR ANDES. Sixty-two Illustrations. 275 pp. Demy 8vo.

Price 10s. 6d. net. (Post free, 10s. lOd. home; 11s. 3d. abroad.)
Contents.

Iron-rust and its Formation Protection from Rusting by Paint Grounding the Iron with
Linseed Oil, etc. Testing Paints Use of Tar for Painting on Iron Anti-corrosive Paints
Linseed Varnish Chinese Wood Oil Lead Pigments Iron Pigments Artificial Iron Oxides
Carbon Preparation of Anti-corrosive Paints Results of Examination of Several Anti-

corrosive Paints Paints for Ship's Bottoms Anti-fouling Compositions Various Anti-cor-
rosive and Ship's Paints Official Standard Specifications for Ironwork Paints Index.

THE TESTING AND VALUATION OF RAW MATE-
RIALS USED IN PAINT AND COLOUR MANU
FACTURE. By M. W. JONES, RC.S. A Book for the
Laboratories of Colour Works. 88 pp. Crown 8vo. Price 5s. net.

(Post free, 5s. 3d. home and abroad.)

THE MANUFACTURE AND COMPARATIVE MERITS
OF WHITE LEAD AND ZINC WHITE PAINTS. By
G. PETIT, Civil Engineer, etc. Translated from the French. Crown 8vo.

100 pp. Price 4s. net. (Post free, 4s. 3d. home
;

4s. 4d. abroad.)

Contents.
Chapters I., The Fundamental Principles of Painting in Oil. II., The Different Varieties of

White Leads The Dutch Process Grinding White Lead in Oil. III., Other Processes of

Manufacturing White Lead. IV., White Lead Substitutes Sophistication of White Lead-
Analysis of White Lead. V., White Lead Paints Their Merits and Defects. VI., Toxi-

cology of White Lead Hygienic Measures in its Manufacture and Use. VII., Zinc White-
Its Preparation. IX., Zinc White Paint and Zinc White Coatings Their Merits and Defects.



STUDENTS' HANDBOOK OP PAINTS, COLOURS, OILS
AND VARNISHES. By JOHN FURNELL. Crown 8vo. 12
Illustrations. 96pp. Price 2s. 6d. net. (Post free, 2s. 9d. home and abroad.)

Varnishes and Drying Oils.
OIL CRUSHING, REPINING AND BOILING, THE

MANUFACTURE OP LINOLEUM, PRINTING AND
LITHOGRAPHIC INKS, AND INDIA-RUBBER
SUBSTITUTES. By JOHN GEDDES MC!NTOSH. Being
Volume I. of the Second, greatly enlarged, English Edition, in three

Volumes, of " The Manufacture of Varnishes and Kindred Industries,"
based on and including the work of Ach. Livache. Demy 8vo. 150 pp.
29 Illustrations. Price 7s. 6d. net. (Post free, 7s. lOd. home; 8s.

abroad.)

VARNISH MATERIALS AND OIL-VARNISH MAKING.
By J. G. MclNTOSH. Being Vol. II. of " The Manufacture of Varnishes
and Kindred Industries". Demy 8vo. 70 Illustrations. 220 pp.
Price 10s. 6d. net. (Post free, 10s. lOd. home

;
11s. 3d. abroad.)

Contents.
Chapter I., Introduction. II., Amber and Amber Oil Varnishes. III., Copal, etc. IV.,

Resins Assorting, Cleaning and Fusing. V., Asphaltum, Coa!-Tar, Pitch, Rubber, etc. VI.,
Oil-Varnish Making General Instructions. VII., Copal Oil Varnish. VIII., Rosin Oil Varnish
Brunswick Black Super Black Japan. IX., Testing Varnish Utilisation of Residues.

DRYING OILS, BOILED OIL AND SOLID AND
LIQUID DRIERS. By L. E. ANDES. Expressly Written
for this Series of Special Technical Books, and the Publishers hold
the Copyright for English and Foreign Editions. Forty-two Illustra-

tions. 342 pp. Demy 8vo. Price 12s. 6d. net. (Post free, 13s. home ;

13s. 3d. abroad.)
Contents.

Properties of the Drying Oils ; Cause oi the Drying Property ; Absorption of Oxygen ;

Behaviour towards Metallic Oxides, etc. The Properties of and Methods for obtaining the

Drying Oils Production of the Drying Oils- by Expression and Extraction ; Refining a.id

Bleaching; Oil Cakes and Meal; The Refining and Bleaching of the Drying Oils; The
Bleaching of Linseed Oil The Manufacture of Boiled Oil; The Preparation of Drying Oils
for Use in the Grinding of Paints and Artists' Colours and in the Manufacture of Varnishes
by Heating over a Fire or by Steam, by the Cold Process, by the Action of Air, and by Means
of the Electric Current ; The Driers used in Boiling Linseed Oil ; The Manufacture of Boiled
Oil and the Apparatus therefor; Livache's Process for Preparing a Good Drying Oil and its

Practical Application The Preparation of Varnishes for Letterpress. Lithographic and Copper-
plate Printing, for Oilcloth and Waterproof Fabrics; The Manufacture of Thickened Linseed
Oil, Burnt Oil, Stand Oil by Fire Heat, Superheated Steam, and by a Current of Air Behaviour
of the Drying Oils and Boiled Oils towards Atmospheric Influences, Water, Acids and Alkalies

Boiled Oil Substitutes The Manufacture of Solid and Liquid Driers from Linseed Oil and
Rosin ; Linolic Acid Compounds of the Driers The Adulteration and Examination of the

Drying Oils and Boiled Oil.

Oils, Fats, Waxes, Greases,
Petroleum.

LUBRICATING OILS, FATS AND GREASES: Their
Origin, Preparation, Properties, Uses and Analyses. A Handbook for

Oil Manufacturers, Refiners and Merchants, and the Oil and Fat
Industry in General. By GEORGE H. HURST, F.C.S. Second Revised
and Enlarged Edition. Sixty-five Illustrations. 317 pp. Demy 8vo
Price 10s. 6d. net. (Post tree, 11s. home; 11s. 3d. abroad.)

Contents.
Introductory Hydrocarbon Oils Scotch Shale Oils Petroleum Vegetable and

Animal Oils Testing and Adulteration of Oils Lubricating Greases Lubrication -
Appendices Index.



TECHNOLOGY OP PETROLEUM : Oil Fields of the
World Their History, Geography and Geology Annual Production
and Development Oil-well Drilling Transport. By HENRY NEU-
BERGER and HENRY NOALHAT. Translated from the French by J. G.
MclNTOSH. 550 pp. 153 Illustrations. 26 Plates. Super Royal 8vo.
Price 21s. net. (Post free, 21s. 9d. home; 23s. 6d. abroad.)

Contents.
Study of the Petroliferous Strata,
Excavations Hand Excavation or Hand Digging of Oil Wells.
Methods of Boring.
Accidents Boring Accidents Methods of preventing them Methods of remedying them
Explosives and the use of the "

Torpedo
"
Levigation Storing and Transport of Petroleum

General Advice Prospecting, Management and carrying on of Petroleum Boring Operations.
General Data Customary Formula; Memento. Practical Part. General Data

bearing on Petroleum Glossary of Technical Terms used in the Petroleum Industry Copious
Index.

MINERAL WAXES : Their Preparation and Uses. By
RUDOLF GREGORIUS. Translated from the German. Crown 8vo. 250

pp. 32 Illustrations. Price 6s. net. (Post free, 6s. 4d. home ;

6s. 6d. abroad.)
Contents.

Ozokerite Ceresine Paraffin Refining Paraffin Mineral Wax Appliances for

Extracting, Distilling and Refining Ozokerite Uses of Ceresine, Paraffin and
Mineral Waxes Paint and Varnish Removers Leather and Piston-Rod Greases-
Recipes for Silk, Cotton and Linen Dressings Candles.

THE PRACTICAL COMPOUNDING OP OILS, TAL-
LOW AND GREASE FOR LUBRICATION, ETC.
By AN EXPERT OIL REFINER. Second Edition. 100 pp. Demy 8vo.

Price 7s. 6d. net. (Post free, 7s. lOd. home
;
8s. abroad.)

Contents.
Introductory Remarks on the General Nomenclature of Oils, Tallow and Greases

suitable for Lubrication Hydrocarbon Oils Animal and Fish Oils Compound
Oils Vegetable Oils Lamp Oils Engine Tallow, Solidified Oils and Petroleum
Jelly Machinery Greases: Loco and Anti-friction Clarifying and Utilisation
of Waste Fats, Oils, Tank Bottoms, Drainings of Barrels and Drums, Pickings
Up, Dregs, etc. The Fixing and Cleaning of Oil Tanks, etc. Appendix and
General Information.

ANIMAL FATS AND OILS: Their Practical Production,
Purification and Uses for a great Variety of Purposes. Their Pro-

perties, Falsification and Examination. Translated from the German
of Louis EDGAR ANDES. Sixty-two Illustrations. 240 pp. Second
Edition, Revised and Enlarged. Demy 8vo. Price 10s. 6d. net.

(Post free, 10s. lOd. home; 11s. 3d. abroad.)

THE MANUFACTURE OF LUBRICANTS, SHOE
POLISHES AND LEATHER DRESSINGS. By
RICHARD BRUNNER. Translated from the Sixth German Edition by
CHAS. SALTER. 10 Illustrations. Crown 8vo. 170 pp. Price 7s. 6d.

net. (Post free, 7s. lOd. home; 8s. abroad.)

THE OIL MERCHANTS' MANUAL AND OIL TRADE
READY RECKONER. Compiled by FRANK F. SHERRIFF.
Second Edition Revised and Enlarged. Demy 8vo. 214 pp. 1904.

With Two Sheets of Tables. Price 7s. 6d. net. (Post free, 7s. lOd.

home
;
8s. 3d. abroad.)

Contents.
Trade Terms and Customs Tables to Ascertain Value of Oil sold per cwt. or ton Specific

Gravity Tables Percentage Tare Tables Petroleum Tables Paraffine and Benzoline Calcu-

lations Customary Drafts Tables for Calculating Allowance for Dirt, Water, etc. Capacity
of Ctrr<ilr T*nks, Tables, etc. etc.



VEGETABLE FATS AND OILS: Their Practical Prepara-
tion, Purification and Employment for Various Purposes, their Proper-
ties, Adulteration and Examination. Translated from the German of

Louis EDGAR ANDES. Ninety-four Illustrations. 340 pp. Second
Edition. Demy 8vo. Price 10s. 6d. net. (Post free, 11s. home;
11s. 6d. abroad.)

EDIBLE FATS AND OILS : Their Composition, Manufacture
and Analysis. By W. H. SIMMONS, B.Sc. (Lond.), F.C.S.

[In preparation.
The Contents will include the Constitution of Oils and Fats

;
Raw Materials

; Bleaching,
Deodorising and Refining ; Butter

;
Lard ; Margarine ; Salad Oils ; Chocolate Cream ;

Analysis of Raw Materials
;
Statistics.

Essential Oils and Perfumes.
THE CHEMISTRY OF ESSENTIAL OILS AND ARTI-

FICIAL PERFUMES. By ERNEST J. PARRY, B.Sc.

(Lond.), F.I.C., F.C.S. Second Edition, Revised and Enlarged. 552 pp.
20 Illustrations. Demy 8vo. Price 12s. 6d. net. (Post free, 13s. home

;

13s. 6d. abroad.)
Contents.

Chapter I. The General Properties of Essential Oils. II. Compounds occurring in
Essential Oils : (I.) The Terpenes Sesquiterpenes OleHnic Terpen s and Sesquiterpenes
Pinene (II.) The Camphor Series (III.) The Geraniol and Citronellol Group The Geraniol
and Citronellol Series (IV.) Benzene Compounds : Cymene Phenols and their Derivatives

Phenols with Nine Carbon Atoms Phenols with Ten Carbon Atoms Alcohols Aldehydes
Ketones Acids (V.) Aliphatic Compounds: Alcohols Acids Aldehydes Sulphur Com-

pounds Other Bodies. III. The Preparation of Essential Oils : Expression Distillation

Extraction. IV. The Analysis of Essential Oils : Specific Gravity Optical Methods :

(1) Refraction (2) Polarimetry, Melting and Solidifying Points Bailing Point and Distillation

Quantitative Estimations of Constituents Aldehydes, Ketones and Oils on which a Direct
Determination can be made. V. Systematic Study of the Essential Oils. VI.

Chemistry of Artificial Perfumes. Appendix I. Table on Constants of the more
important Essential Oils. Appendix II. Table of Pharmacopoeial Standards. Index.

Soaps.
SOAPS. A Practical Manual of the Manufacture of Domestic,

Toilet and other Soaps. By GEORGE H. HURST, F.C.S. 2nd edition.

390 pp. 66 Illustrations. Price 12s. 6d. net. (Post free, 13s. home
;

13s. 6d. abroad.)
Contents.

Introductory Soap-maker's Alkalies Soap Fats and Oils Perfumes Water as
a Soap Material Soap Machinery Technology of Soap-making Glycerine in Soap
Lyes Laying out a Soap Factory Soap Analysis Appendices.

TEXTILE SOAPS AND OILS. Handbook on the Prepara-
tion, Properties and Analysis of the Soaps and Oils used in Textile

Manufacturing, Dyeing and Printing. By GEORGE H. HURST, F.C.S.
Crown 8vo. 195 pp. 1904. Price 5s. net. (Post free, 5s. 4d. home

;

5s, 6d. abroad.)

THE HANDBOOK OF SOAP MANUFACTURE. By
WM. H. SIMMONS, B.Sc. (Lond.), F.C.S. and H. A. APPLETON. Demy
8vo. 160 pp. 27 Illustrations. Price 8s. 6d. net. (Post free,
8s. lOd. home ; 9s. abroad.)

Contents.
Definition of Soap. Properties Hydrolysis Detergent Action. Constitution of Oils

and Fats, and their Saponification. Researches of Chevreul and Berthelot Mixed
Glycerides Modern Theories of Saponification Hydrolysis accelerated by (1) Heat or
Electricity. (2) Ferments, Castor-seed Ferment, Steapsin Emulsin and (3) Chemical



Contents of "Handbook of Soap Manufacture" continued.

Reagents, Sulphuric Acid, Twitchell's Reagent, Hydrochloric Acid, Lime, Magnesia, Zinc
Oxide, Soda and Potash. Raw Materials used in Soap-making. Fats and Oils Waste
Fats Fatty Acids Less-known Oils and Fats of Limited Use Various New Fats and Oils

Suggested for Soap-making Rosin Alkali (Caustic and Carbonated) Water Salt Soap-
stock. Bleaching and Treatment of Raw Materials intended for Soap-making.
Palm Oil Cottonseed Oil Cottonseed " Foots" Vegetable Oils Animal Fats Bone Fat
Rosin. Soap-making. Classification of Soaps Direct combination of Fatty Acids with
Alkali Cold Process Soaps Saponification under Increased or Diminished Pressure Soft

Soap Marine Soap Hydrated Soaps, Smooth and Marbled Pasting or Saponification
Graining Out Boiling on Strength Fitting Curd Soaps Curd Mottled Blue and Grey
Mottled Soaps Milling Base Yellow Household Soaps Resting of Pans and Settling of

Soap Utilisation of Nigres Transparent Soaps Saponifying Mineral Oil Electrical Pro-
duction of Soap. Treatment of Settled Soap. Cleansing Crutching Liquoring of Soaps

Filling Neutralising, Colouring and Perfuming Disinfectant Soaps Framing Slabbing
Barring Open and Close Piling Drying Stamping Cooling. Toilet, Textile and

Miscellaneous Soaps. Toilet Soaps Cold Process Soaps Settled Boiled Soaps Remelted
Soaps Milled Soaps Drying, Milling and Incorporating Colour, Perfumes, or Medicaments
Perfumes Colouring Matter Neutralising and Super-fatting Material Compressing

Cutting Textile Soaps Soaps for Woollen, Cotton and Silk Industries Patent Textile

Soaps Stamping Medicated Soaps Ether Soap Floating Soaps Shaving Soaps
Miscellaneous Soaps. Soap Perfumes. Essential Oils Source and Preparation Properties

Artificial and Synthetic Perfumes. Glycerine Manufacture and Purification. Treat-
ment of Lyes Evaporation Crude Glycerine Distillation Distilled and Dynamite
Glycerine Chemically Pure Glycerine Animal Charcoal for Decolorisation Glycerine
resultant from other methods of Saponification Yield of Glycerine from Fats and Oils.

Analysis of Raw Materials, Soap and Glycerine. Fats and Oils Alkalies and Alkali
Salts Essential Oils Soap Lyes Crude Glycerine. Statistics of the Soap Industry.
Appendix A. Comparison of Degrees Twaddell, Beaume and Actual Densities.
Appendix B. Comparison of Different Thermometric Scales. Appendix C. Table of

the Specific Gravities of Solutions of Caustic Soda. Appendix D. Table of Strength
of Caustic Potash Solutions at 60 P. Index.

Cosmetical Preparations.
COSMETICS : MANUFACTURE, EMPLOYMENT
AND TESTING OF ALL COSMETIC MATERIALS
AND COSMETIC SPECIALITIES. Translated
from the German of Dr. THEODOR KOLLER. Crown 8vo. 262 pp.
Price 5s. net. (Post free, 5s. 4d. home

;
5s. 6d. abroad.)

Contents.
Purposes and Uses of, and Ingredients used in the Preparation of Cosmetics Preparation of

Perfumes by Pressure, Distillation, Maceration, Absorption or Enfleurage, and Extraction
Methods Chemical and Animal Products used in the Preparation of Cosmetics Oils and Fats
used in the Preparation of Cosmetics General Cosmetic Preparations Mouth Washes and
Tooth Pastes Hair Dyes, Hair Restorers and Depilatories Cosmetic Adjuncts and
Specialities Colouring Cosmetic Preparations Antiseptic Washes and Soaps Toilet and
Hygienic Soaps Secret Preparations for Skin, Complexion, Teeth, Mouth, etc. Testing and
Examining the Materials Employed in the Manufacture of Cosmetics Index.

Glue, Bone Products and
Manures.

GLUE AND GLUE TESTING. By SAMUEL RIDEAL, D.Sc.

(Lond.), F.I.C. Fourteen Engravings. 144 pp. Demy 8vo. Price
10s. 6d. net. (Post free, 10s. lOd. home

; 11s. abroad.)
Contents.

Constitution and Properties: Definitions and Sources, Gelatine, Chondrin and Allied

Bodies, Physical and Chemical Properties, Classification, Grades and Commercial Varieties

Raw Materials and Manufacture : Glue Stock, Lining, Extraction, Washing and Clari-

fying, Filter Presses, Water Supply, Use of Alkalies, Action of Bacteria and of Antiseptics,
Various Processes, Cleansing, Forming, Drying, Crushing, etc., Seconda -y Products Uses
of Glue : Selection and Preparation for Use, Carpentry, Veneering, Paper-Making, Book-

binding, Printing Rollers, Hectographs, Match Manufacture, Sandpaper, etc., Substitutes for

other Materials, Artificial Leather and Caoutchouc Gelatine : General Characters, Liquid
Gelatine, Photographic Uses, Size, Tanno-, Chrome and Formo-Gelatine, Artificial Silk,

Cements, Pneumatic Tyres, Culinary, Meat Extracts, Isinglass, Medicinal and other Uses,

Bacteriology Glue Testing: Review of Processes, Chemical Examination, Adulteration,

Physical Tests, Valuation of Raw Materials Commercial Aspects.



BONE PRODUCTS AND MANURES : An Account of the
most recent Improvements in the Manufacture of Fat, Glue, Animal
Charcoal, Size Gelatine and Manures. By THOMAS LAMBERT, Techni-
cal and Consulting Chemist. Illustrated by Twenty-one Plans and
Diagrams. 162 pp. Demy 8vo. Price 7s. 6d. net. (Post free, 7s. lOd.

home
;
8s. abroad.)

Contents.
Chemical Composition of Bones Arrangement of Factory Properties of Glue Glutin

and Chondrin Skin Glue Liming of Skins Washing Boiling of Skins Clarification of Glue
Liquors Glue-Boiling and Clarifying-House Specification of a Glue Size Uses and Pre-

paration and Composition of Size Concentrated Size Properties of Gelatine Preparation of
Skin Gelatine Drying Bone Gelatine Selecting Bones Crushing Dissolving Bleaching

Boiling Properties of Glutin and Chondrin Testing of Glues and Gelatines The Uses ot

Glue, Gelatine and Size in Various Trades Soluble and Liquid Glues Steam and Waterproof
Glues Manures Importation of Food Stuffs Soils Germination Plint Life Natural
Manures Water and Nitrogen in Farmyard Alanure Full Analysis of Farmyard Manure
Action on Crops Water-Closet System Sewage Manure Green Manures Artificial

Manures Mineral Manures Nitrogenous Matters Shoddy Hoofs and Horns Leather
Waste Dried Meat Dried Blood Superphosphates Composition Manufacture Common
Raw Bones Degreased Bones Crude Fat Refined Fat Degelatinised Bones Animal
Charcoal Bone Superphosphates Guanos Dried Animal Products Potash Compounds
Sulphate of Ammonia Extraction in Zactto French and British Gelatines compared Index.

Chemicals, Waste Products and
Agricultural Chemistry.

REISSUE OF CHEMICAL ESSAYS OF C. W.
SCHEELE. First Published in English in 1786. Trans-
lated from the Academy of Sciences at Stockholm, with Additions. 300

pp. Demy 8vo. Price 5s. net. (Post free. 5s. 6d. home ;
5s. 9d. abroad.)

Contents.
Memoir : C. W. Scheele and his work (written for this edition by J. G. Mclntosh) On

Fluor Mineral and its Acid On Fluor Mineral Chemical Investigation of Fluor Acid,
with a View to the Earth which it Yields, by Mr. Wiegler Additional Information

Concerning Fluor Minerals On Manganese, Magnesium, or Magnesia Vitrariorum On
Arsenic and its Acid Remarks upon Salts of Benzoin On Silex, Clay and Alum Analysis
of the Calculus Vesical Method of Preparing Mercurius Dulcis Via Humida Cheaper and
more Convenient Method of Preparing Pulvis Algarothi Experiments upon Molybdsena
Experiments on Plumbago Method of Preparing a New Green Colour Of the De-

composition of Neutral Salts by Unslaked Lime and Iron On the Quantity of Pure Air which
is Daily Present in our Atmosphere On Milk and its Acid On the Acid of Saccharum Lactis
On the Constituent Parts of Lapis Ponderosus or Tungsten Experiments and Observations

on Ether Index.

THE MANUFACTURE OF ALUM AND THE SUL-
PHATES AND OTHER SALTS OF ALUMINA AND
IRON. Their Uses and Applications as Mordants in Dyeing
and Calico Printing, and their other Applications in the Arts, Manufac-
tures, Sanitary Engineering, Agriculture and Horticulture. Translated
from the French of LUCIEN GESCHWIND. 195 Illustrations. 400 pp.

Royal 8vo. Price 12s. 6d. net. (Post free, 13s. home; 13s. 6d. abroad.)

AMMONIA AND ITS COMPOUNDS : Their Manufacture
and Uses. By CAMILLE VINCENT, Professor at the Central School of

Arts and Manufactures, Paris. Translated from the French by M. J.

SALTER. Royal 8vo. 114 pp. Thirty-two Illustrations. Price 5s. net.

(Post free, 5s. 4d. home
;
5s. 6d. abroad.)
Contents.

General Considerations: Various Sources of Ammoniacal Products; Human Urine
as a Source of Ammonia Extraction of Ammoniacal Products from Sewage-
Extraction of Ammonia from Gas Liquor Manufacture of Ammoniacal Com-
pounds from Bones, Nitrogenous Waste, Beetroot Wash and Peat Manufacture of
Caustic Ammonia, and Ammonium Chloride, Phosphate and Carbonate Recovery
of Ammonia from the Ammonia-Soda Mother Liquors Index.



INDUSTRIAL ALCOHOL. A Practical Manual on the
Production and Use of Alcohol for Industrial Purposes and for Use as
a Heating Agent, as an Illuminant and as a Source of Motive Power.

By J. G. M'lNTOSH, Lecturer on Manufacture and Applications of
Industrial Alcohol at The Polytechnic, Regent Street, London.

Demy 8vo. 1907. 250 pp. With 75 Illustrations and 25 Tables.
Price 7s. 6d. net. (Post free, 7s. 9d. home

;
8s. abroad.)

Contents.
Alcohol and its Properties. Ethy lie Alcohol Absolute Alcohol Adulterations-

Properties of Alcohol Fractional Distillation Destructive Distillation Products of Com-
bustion Alcoholometry Proof Spirit Analysis of Alcohol Table showing Correspondence
between the Specific Gravity and Per Cents, of Alcohol over and under Proof Other
Alcohol Tables. Continuous Aseptic and Antiseptic Fermentation and Sterilisation
in Industrial Alcohol Manufacture. The Manufacture of Industrial Alcohol from
Beets. Beet Slicing Machines Extraction of Beet Juice by Maceration, by Diffusion
Fermentation in Beet Distilleries Plans of Modern Beet Distillery. The Manufacture of
Industrial Alcohol from Grain. Plan of Modern Grain Distillery. The Manufacture of
Industrial Alcohol from Potatoes. The Manufacture of Industrial Alcohol from
Surplus Stocks of Wine, Spoilt Wine, Wine Marcs, and from Fruit in General. The Manu-
facture of Alcohol from the Sugar Cane and Sugar Cane Molasses Plans. Plant, etc.,
for the Distillation and Rectification of Industrial Alcohol. The Caffey and other
"Patent" Stills Intermittent versus Continuous Rectification Continuous Distillation-
Rectification of Spent Wash. The Manufacture and Uses of Various Alcohol
Derivatives, Ether, Haloid Ethers, Compound Ethers, Chloroform Methyl and Amyl
Alcohols and their Ethereal Salts, Acetone Barbet's Ether, Methyl Alcohol and Acetone
Rectifying Stills. The Uses of Alcohol in Manufactures, etc. List of Industries in

which Alcohol is used, with Key to Function of Alcohol in each Industry. The Uses of
Alcohol for Lighting, Heating, and Motive Power.

ANALYSIS OP RESINS AND BALSAMS. Translated
from the German of Dr. KARL DIETERICH. Demy 8vo. 340 pp.
Price 7s. 6d. net. (Post free, 7s. lOd. home

;
8s. 3d. abroad.)

MANUAL OF AGRICULTURAL CHEMISTRY. By
HERBERT INGLE, F.I.C., Late Lecturer on Agricultural Chemistry, the
Leeds University ; Lecturer in the Victoria University. Second
Edition, with additional matter relating to Tropical Agriculture, etc.

438pp. 11 Illustrations. Deftly 8vo. Price 7s. 6d. net. (Post free,
8s. home ;

8s. 6d. abroad.)
Contents.

Properties and Characteristics of the Elements. Hydrogen Oxygen Heat of Com
bustion Nitrogen Carbon Sulphur Phosphorous Potassium Sodium Fluorine

Magnesium Iron Chlorine Aluminium Silicon Borax. The Atmosphere. Nitrogen-
Oxygen Argon Carbon Dioxide Ammonia Nitric Acid Ozone Solid Matter. - The Soil.

Classification of Rocks Quartz Felspar Mica Clay Sandstones Shales Limestones
Calcareous Rocks Transported Soils. Formation of Soils. By Water, Air, Earth

Worms, Vegetation and Bacteria Sand Clay Limestone Humus Classification of Soils.

Reactions in Soils. Diffusion Gravitation Nitrification Soil Gases Water of the Soil-

Biology of the Soil Electrolytic Dissociation Theory Mass Action. Analysis of Soils.

Sampling Mechanical and Chemical Analyses Determination of Silica, Alumina, Ferric

Oxide, Total Potash and Phosphoric Acid, Lime, Magnesia, Calcium Carbonate, Sulphuric
Acid, Nitrates and Nitrites. Natural Manures. Improvement of Soils Farmyard Manure
Composition of Animal Excreta Use of Litter, Straw, Peat, Bracken, Leaves, Sawdust,

Tanners' Refuse Fermentation and Preservation of Farmyard Manure. Other Organic
Manures. Guano Poultry and Fish Manures Seaweed Dried Blood Bones Meat
Guano Hair Soot Oil-cakes. Nitrogenous Manures. Sodium Nitrate Ammonium
Sulphate Phosphatic Manures Tricalcum Phosphate Coprolites Phosphorites Mineral

Superphosphates Basic Slag Potash Manures Composition of Principal Potash Salts

Various Manures Common Salt Gypsum Limestone Ferrous Sulphate Gas Lime
Copper Sulphate. Analysis of Manures. Constituents Determination of Nitrogen
Phosphoric Acid Potassium Valuation of Manures from Analysis. Constituents of

Plants. Carbohydrates Sugars Starch Dextrin Glycogen Inulin Gums Cellulose

Glucose Fructose Cane Sugar Meletrose Arabinose Xylose Lignose Pectose Gly-
cerol Waxes Organic Acids and their Salts. Essential Oils and Resins. Terpenes
Oxygenated Essential Oils Essential Oils containing Sulphur Resins. Nitrogenous Sub-
stances. Albuminoids Amides Alkaloids Chlorophyll. The Plant. Germination
Roots Osmotic Pressure Leaves Assimilation Flowers. Crops. Cereals Root Crops
Fodder Crops Hay Ventilating Stacks Silage Composition of Crops. The Animal.

Blood Bones Fatty Tissue Muscle Digestion Bile Urine. Foods and Feeding.
Composition of Oil-cake Bye-Products as Foods Digestibility of Foods Calorific Value of

Foods Feeding Standards Manurial Value of Foods. Milk and Milk Products. Fat-
Albuminoids Milk Sugar Chemical Composition of Cow's Milk Influence of Food, Season
and Milking Time Milk Products Cream Skimmed Milk Butter Butter-milk Cheese-
Condensed Milk Koumiss- -Milk Preservation. Analysis of Milk and Milk Products.



Milk Amount of Fat Determination of Total Solids, Specific Gravity, Proteids, Milk Sugar
Adulteration of Milk Detection of Preservatives Butter Butter Colouring Cheese

Milk Standards. Various Products used in Agriculture. Arsenious Oxide Bleaching
Powder Copper Salts Disinfectants Fungicides Iron Sulphate Mercuric Chloride
Plant Poisons. Appendix. Atomic Weights Hydrometer Scales Metric System-
Solubilities. Tropical Agriculture, etc. Composition of Rain Water Irrigation Water
Earth Worms Motion of Water in Soil Analysis of Soils Green Manuring Kraal Manure

Bats' Guano Artificial Manures The Plant Rice Maize Millet Cotton Flax Castor
Seeds Sunflower Composition of Various South African Grown Crops Ash Constituents of

Foods Variations in the Composition of Milk Butter Fat Bordeaux Mixture Insecticides.

THE UTILISATION OF WASTE PRODUCTS. A Treatise
on the Rational Utilisation, .Recovery and Treatment of Waste Pro-
ducts of all kinds. By Dr. THEODOR ROLLER-. Translated from the
Second Revised German Edition. Twenty-two Illustrations. Demy
Svo. 280 pp. Price 7s. 6d. net. (Post free, 7s. lOd. home

;
8s. 3d.

abroad.)

THE MANUFACTURE OF CHEMICAL MANURES.
From the French of J. FRITSCH. With 70 Illustrations and 4 Piates.

[In preparation.
The Contents will include Superphosphates, Guanos, Nitrate of Soda, Dried Blood Sulphate

of Ammonia, Potashes, etc.

Writing Inks and Sealing Waxes.
INK MANUFACTURE : Including Writing, Copying, Litho-

graphic, Marking, Stamping, and Laundry Inks. By SIGMUND LEHNER.
Three Illustrations. Crown Svo. 162 pp. Translated from the German
of the Fifth Edition. Price 5s. net. (Post free, 5s. 3d. home

;
5s. 6d.

abroad.)

SEALING-WAXES, WAFERS AND OTHER ADHES-
IVES FOR THE HOUSEHOLD, OFFICE, WORK-
SHOP AND FACTORY. By H. C. STANDAGE. Crown
8vo. 96 pp. Price 5s. net. (Post free, 5s. 3d. home; 5s. 4d. abroad.)

Contents.
Materials Used for Making Sealing-Waxes The Manufacture of Sealing-Waxes-

Wafers Notes on the Nature of the Materials Used in Making Adhesive Compounds Cements
for Use in the Household Office Gums, Pastes and Mucilages Adhesive Compounds for

Factory and Workshop Use.

Lead Ores and Compounds.
LEAD AND ITS COMPOUNDS. By THOS. LAMBERT,

Technical and Consulting Chemist. Demy Svo. 226 pp. Forty Illus-

trations. Price 7s. 6d. net. (Post free, 7s. lOd. home; 8s. 3d. abroad.)

Contents.
History Ores of Lead Geographical Distribution of the Lead Industry Chemical and

Physical Properties of Lead Alloys of Lead Compounds of Lead Dressing of Lead Ores
Smelting of Lead Ores Smelting in the Scotch or American Ore-hearth Smelting in the

Shaft or Blast Furnace Condensation of Lead Fume Desilverisation, or the Separation
of Silver from Argentiferous Lead Cupellation The Manufacture of Lead Pipes and
Sheets Protoxide of Lead Litharge and Massicot Red Lead or Minium Lead Poisoning
Lead Substitutes Zinc and its Compounds Pumice Stone Drying Oils and Siccatives
Oil of Turpentine Resin Classification of Mineral Pigments Analysis of Raw and Finished

Products Tables Index.

NOTES ON LEAD ORES : Their Distribution and Properties.
By JAS. FAIRIE, F.G.S. Crown Svo. 64 pages. Price Is. net.

(Post free, Is. 3d. home; Is. 4d. abroad.)

(White Lead and Zinc White Paints, see
p. 4.)



Industrial Hygiene.
THE RISKS AND DANGERS TO HEALTH OP VARI-

OUS OCCUPATIONS AND THEIR PREVENTION.
By LEONARD A. PARRY, M.D., B.Sc. (Lond.). 196 pp. Demy 8vo.
Price 7s. 6d. net. (Post free, 7s. lOd. home

;
8s. abroad.)

Contents.
Occupations which are Accompanied by the Generation and Scattering of Abnormal

Quantities of Dust Trades in which there is Danger of Metallic Poisoning Certain Chemi-
cal Trades Some Miscellaneous Occupations Trades in which Various Poisonous Vapours
are Inhaled General Hygienic Considerations Index.

Industrial Uses of Air, Steam and
Water.

DRYING BY MEANS OP AIR AND STEAM. Explana-
tions, Formulae, and Tables for Use in Practice. Translated from the
German of E. HAUSBRAND. Two folding Diagrams and Thirteen Tables.
Crown 8vo. 72 pp. Price 5s. net. (Post free, 5s. 3d. home

;
5s. 6d.

abroad.) Contents.
British and Metric Systems Compared Centigrade and Fahr. Thermometers Estimation

of the Maximum Weight of Saturated Aqueous Vapour which can be contained in 1 kilo,

of Air at Different Pressure and Temperatures Calculation of the Necessary Weight and
Volume of Air, and of the Least Expenditure of Heat, per Drying Apparatus with Heated
Air, at the Atmospheric Pressure: A, With the Assumption that the Air is Completely Satur-
ated with Vapour both before Entry and after Exit from the Apparatus B, When the

Atmospheric Air is Completely Saturated before entry, but at its exit is only f , J or J Saturated
C, When the Atmospheric Air is not Saturated with Moisture before Entering the Drying

Apparatus Drying Apparatus, in which, in the Drying Chamber, a Pressure is Artificially
Created, Higher or Lower than that of the Atmosphere Drying by Means of Superheated
Steam, without Air Heating Surface, Velocity of the Air Current, Dimensions of the Drying
Room, Surface of the Drying Material, Losses of Heat Index.

(See also "
Evaporating, Condensing and Cooling Apparatus," p. 26.)

PURE AIR, OZONE AND WATER. A Practical Treatise
of their Utilisation and Value in Oil, Grease, Soap, Paint, Glue and
other Industries. By W. B. COWELL. Twelve Illustrations. Crown
8vo. 85 pp. Price 5s. net. (Post free, 5s. 3d. home

;
5s. 6d. abroad.)

Contents.
Atmospheric Air ; Lifting of Liquids ; Suction Process; Preparing Blown Oils: Preparing

Siccative Drying Oils Compressed Air ; Whitewash Liquid Air ; Retrocession Purification
of Water ; Water Hardness Fleshings and Bones Ozonised Air in the Bleaching and De-

odorising of Fats, Glues, etc. ; Bleaching Textile Fibres Appendix : Air and Gases ; Pressure
of Air at Various Temperatures ; Fuel; Table of Combustibles; Saving of Fuel by Heating
Feed Water; Table of Solubilities of Scale Making Minerals; British Thermal Units Tables ;

Volume of the Flow of Steam into the Atmosphere ; Temperature of Steam Index.

THE INDUSTRIAL USES OF WATER. COMPOSI-
TION EFFECTS TROUBLES REMEDIES RE-
SIDUARY WATERS- PURIFICATION ANALYSIS.
By H. DE LA Coux. Royal 8vo. Translated from the French and
Revised by ARTHUR MORRIS. 364 pp. 135 Illustrations. Price 10s. 6d.

net. (Post free, 11s. home; 11s. 6d. abroad.)
Contents.

Chemical Action of Water in Nature and in Industrial Use Composition of Waters
Solubility of Certain SaUs in Water Considered from the Industrial Point of View Effects on
the Boiling of Water Effects of Water in the Industries Difficulties with Water Feed
Water for Boilers Water in Dyeworks, Print Works, and Bleach Works Water in the
Textile Industries and in Conditioning Water in Soap Works Water in Laundries and
Washhouses Water in Tanning Water in Preparing Tannin and Dyewood Extracts Water
in Papermaking Water in Photography Water in Sugar Refining Water in Making Ices
and Beverages Water in Cider Making Water in Brewing Water in Distilling Preliminary
Treatment and Apparatus Substances Used for Preliminary Chemical Purification Com-
mercial Specialities and their Employment Precipitation of Matters in Suspension in Water
Apparatus for the Preliminary Chemical Purification of Water Industrial Filters Indus-

trial Sterilisation of Water Residuary Waters and their Purification Soil Filtration

Purification by Chemical Processes Analyses Index.

(See Books on Smoke Prevention, Engineering and Metallurgy, f. 26, etc.)



X Rays.
PRACTICAL X RAY WORK. By FRANK T. ADDYMAN,

B.Sc. (Lond.), F.I.C., Member of the Roentgen Society of London;
Radiographer to St. George's Hospital ; Demonstrator of Physics and
Chemistry, and Teacher of Radiography in St. George's Hospital
Medical School. Demy 8vo. Twelve Plates from Photographs of X Ray
Work. Fifty-two Illustrations. 200 pp. Price 10s. 6d. net. (Post free
10s. lOd. home; 11s. 3d. abroad.)

Contents.
Historical Work leading up to the Discovery of the X Rays The Discovery Appara-

tus and its Management Electrical Terms Sources of Electricity Induction Coils
Electrostatic Machines Tubes Air Pumps Tube Holders and Stereoscopic Apparatus-
Fluorescent Screens Practical X Ray Work Installations Radioscopy RadiographyX Rays in Dentistry X Rays in Chemistry X Rays in War Index.

List of Plates.
Frontispiece Congenital Dislocation of Hip-Joint. I., Needle in Finger. II., Needle in

Foot. III., Revolver Bullet in Calf and Leg. IV., A Method of Localisation. V , Stellate
Fracture of Patella showing shadow of "

Strapping ".VI., Sarcoma. VII., Six-weeks-old
Injury to Elbow showing new Growth of Bone. VIII., Old Fracture of Tibia and Fibula
badly set. IX., Heart Shadow. X., Fractured Femur showing Grain of Splint. XL, Bar-
rell's Method of Localisation.

India^Rubber and Gutta Percha.
INDIA-RUBBER AND GUTTA PERCHA. Second

English Edition, Revised and Enlarged. Based on the French work of
T. SEELIGMANN, G. LAMY TORRILHON and H. FALCONNET by JOHN
GEDDES MC!NTOSH. Royal 8vo. 100 Illustrations. 400 pages. Price
12s. 6d. net. (Post free, 13s. home

; 13s. 6d. abroad.) [Just published.
Contents.

India- Rubber. Indiarubber, Latex Definitions Laticiferous Vessels Botanical Origin
Habitats Methods of obtaining the Latex Methods of Preparing Raw or Crude India-

rubber Rubber Cultivation in Various Countries Climatology Soil Rational Culture and
Acclimatisation of the Different Species of Indiarubber Plants Classification of the Com-
mercial Species of Raw Rubber Physical and Chemical Properties of the Latex and of
Indiarubber General Considerations Mechanical Transformation of Natural Rubber into
Washed or Normal Rubber (Purification) Softening, Cutting, Washing, Drying, Storage-
Mechanical Transformation of Normal Rubber into Masticated Rubber Vulcanisation of
Normal Rubber Chemical and Physical Properties of Vulcanised Rubber Hardened Rubber
or Ebonite Considerations on Mineralisation and Other Mixtures Coloration and Dyeing
Analysis of Natural or Normal Rubber and Vulcanised Rubber Rubber Substitutes-
Imitation Rubber Analysis of Indiarubber.

Gutta Percha. Definition of Gutta Percha Botanical Origin Habitat Climatology-
Soil Rational Culture Methods of Collection Felling and Ringing versus Tapping Extrac-
tion of Gutta Percha from Leaves by Toluene, etc. Classification of the Different Species of
Commercial Gutta Percha Physical and Chemical Properties of Gutta Percha Mechanical
Treatment of Gutta Percha Methods of Analysing Gutta Percha Gutta Perch? Substitutes.

Leather Trades.
PRACTICAL TREATISE ON THE LEATHER IN-

DUSTRY. By A. M. VILLON. Translated by FRANK T.

ADDYMAN, B.Sc. (Lond.), F.I.C., F.C.S.
;
and Corrected by an Emi-

nent Member of the Trade. 500 pp., royal 8vo. 123 Illustrations.

Price 21s. net. (Post free, 21s. 6d. home ; 22s. 6d. abroad.)
Contents.

Preface Translator's Preface List of Illustrations.

Part I., Materials used in Tanning Skins : Skin and its Structure; Skins used in

Tanning; Various Skins and their Uses Tannin and Tanning Substances: Tannin; Barks
(Oak); Barks other than Oak; Tanning Woods; Tannin-bearing Leaves; Excrescences;
Tan-bearing Fruits ; Tan-bearing Roots and Bulbs ; Tanning Juices ; Tanning Substances
used in Various Countries ; Tannin Extracts ; Estimation of Tannin and Tannin Principles.

Part II., Tanning The Installation of a Tannery: Tan Furnaces; Chimneys, Boilers,

etc.; Steam Engines Grinding and Trituration of Tanning Substances: Cutting up Bark;
Grinding Bark; The Grinding of Tan Woods; Powdering Fruit, Galls and Grains; Notes on
the Grinding of Bark Manufacture of Sole Leather: Soaking; Sweating and Unhairing;
Plumping and Colouring; Handling; Tanning; Tanning Elephants' Hides; Drying;
Striking or Pinning Manufacture of Dressing Leather: Soaking; Depilation; New Pro-
cesses for the Depilation of Skins; Tanning; Cow Hides; Horse Hides; Goat Skins ; Manu-
facture of Split Hides On Various Methods of Tanning : Mechanical Methods ; Physical
Methods; Chemical Methods; Tanning with Extracts Quantity and Quality; Quantity;
Net Cost ; Quality of Leather Various Manipulations of Tanned Leather : Second Tanning ;

Grease Stains; Bleaching Leather; Waterproofing Leather; Weighting Tanned Leather;
Preservation of Leather Tanning Various Skins.



Part III., Currying Waxed Calf: Preparation; Shaving; Stretching or Slicking;
Oiling the Grain ; Oiling the 'Flesh Side

; Whitening and Graining; Waxing; Finishing; Dry
Finishing; Finishing in Colour; Cost White Calf: Finishing in White Cow Hide for

Upper Leathers: Black Cow Hide; White Cow Hide; Coloured Cow Hide Smooth Cow
Hide Black Leather Miscellaneous Hides: Horse; Goat; Waxed Goat Skin; Matt Goat
Skin Russia Leather: Russia Leather; Artificial Russia Leather.

Part IV., Enamelled, Hungary and Chamoy Leather, Morocco, Parchment, Furs
and Artificial Leather Enamelled Leather: Varnish Manufacture; Application of the

Enamel; Enamelling in Colour Hungary Leather: Preliminary; Wet Work or Prepara-
tion; Aluming; Dressing or Loft Work; Tallowing; Hungary Leather from Various Hides
Tawing: Preparatory Operations; Dressing; Dyeing Tawed Skins; Rugs Chamoy Leather
Morocco: Preliminary Operations, Morocco Tanning; Mordants used in Morocco Manu-

facture; Natural Colours used in Morocco Dyeing; Artificial Colours; Different Methods
of Dyeing; Dyeing with Natural Colours; Dyeing with Aniline Colours; Dyeing with
Metallic Salts; Leather Printing ; Finishing Morocco

; Shagreen ; Bronzed Leather Gilding
and Silvering: Gilding; Silvering; Nickel and Cobalt Parchment Furs and Furriery:
Preliminary Remarks; Indigenous Furs; Foreign Furs from Hot Countries; Foreign Furs
from Cold Countries; Furs from Birds' Skins; Preparation of Furs; Dressing; Colouring;
Preparation of Birds' Skins; Preservation of Furs Artificial Leather: Leather made from
Scraps; Compressed Leather; American Cloth; Papier M&che; Linoleum; Artificial Leather.

Part V., Leather Testing and the Theory of Tanning Testing and Analysis of Leather ;

Physical Testing of Tanned Leather; Chemical Analysis The Theory of Tanning and the
other Operations of the Leather and Skin Industry: Theory of Soaking; Theory of Un-
hairing; Theory of Swelling; Theory of Handling; Theory of Tanning; Theory of the
Action of Tannin on the Skin; Theory of Hungary Leather Making; Theory of Tawing;
Theory of Chamoy Leather Making; Theory of Mineral Tanning.

Part VI., Uses of Leather Machine Belts: Manufacture of Belting; Leather Chain
Belts ; Various Belts ; Use of Belts Boot and Shoe-making : Boots and Shoes ; Laces
Saddlery: Composition of a Saddle; Construction of a Saddle Harness : The Pack Saddle-
Harness Military Equipment Glove Making Carriage Building Mechanical Uses.

Appendix, The World's Commerce in Leather Europe; America; Asia; Africa ;

Australasia Index.

THE LEATHER WORKER'S MANUAL. Being a Com-
pendium of Practical Recipes and Working Formulae for Curriers,

Bootmakers, Leather Dressers, Blacking Manufacturers, Saddlers,

Fancy Leather Workers. By H. C. STANDAGE. Demy 8vo. 165 pp.
Price 7s. 6d. net. (Post free, 7s. lOd. home

;
8s. abroad.)

Contents.
Blackings, Polishes, Glosses, Dressings, Renovators, etc., for Boot and Shoe Leather

Harness Blackings, Dressings, Greases, Compositions, Soaps, and Boot-top Powders and
Liquids, etc., etc. Leather Grinders' Sundries Currier's Seasonings, Blacking Compounds,
Dressings, Finishes, Glosses, etc. Dyes and Stains for Leather Miscellaneous Information
Chrome Tannage Index.

(See
" Wood Products, Distillates and Extracts," p. 29).

Books on Pottery, Bricks,
Tiles, Glass, etc.

MODERN BRICKMAKING. By ALFRED B. SEARLE. Royal
8vo. 440 pages. 260 Illustrations. Price 12s. 6d. net. (Post free,

13s. home; 13s. 6d. abroad.) [Just published.
Contents.

Nature and Selection of Clays. Lake and River Deposited Clays Rock Clays Shale

Fire-clay. The Colour of Bricks. Marls White, Yellow, and Red Bricks Terra-cotta
Blue Bricks. General Characteristics of Bricks. Fletton, Bath, and Accrington Bricks
London Stocks Plastic Bricks Sand-faced Bricks Glazed Bricks Fire Bricks Qualities

of Bricks. Sand, Breeze, and other Materials. Chalk-water General Manufacture of
Bricks Clay-washing Haulage Hand-Brickmakinj? Preparation of the Paste Pugging

Slop-moulding Sand-moulding Drying Shrinking Pressing Clamp Kilns Firing a

Clamp. Plastic Moulding by Machinery. Wire-cut Bricks Brick Machines and Plant-
Crushing Rolls Grinding Mills Wet Pans. Mixers and Feeders. Pug-mills, Mouthpiece
Presses, and Auger Machines Expression Roller Machines Cutting Tables Repressing
Screw Presses Eccentric Represses Die-Boxes. Drying:. Transport. Stiff-plastic
Process. Mill Feeding Machines Grinding Mills Elevating Screens Sieves Revolving
Screens Stiff-plastic Brickmaking Machines Repressing Carrying-off Drying Kilns.

Semi=Dry or Semi-Plastic Process. Lamination Drying Troubles Moulds and Arrises.

The Dry or Dust Process. Lamination. Kilns. Down-draught Kilns Horizontal-draught
Kilns Continuous Kilns Up-draught Kilns Newcastle Kiln Gas-fired Kilns Semi-con-
tinuous Kilns Hoffmann Kilns Hot-air Flues Temporary and Permanent Flues Chamber
Kilns Steam Draught Mechanical Draught Gas-fired Continuous Kilns Muffle Kilns

Kiln Construction. Choice of Bricks Foundations Construction of Arches and Crowns-
Fire Boxes Feed-holes Chimneys Selecting a Kiln. Setting and Burning. Up-draught
and Down-draught Kilns Horizontal-draught or Continuous'Kiln Glazed Bricks. Firing,



Drying or Steaming Volatilization Full Fire Smoking Seger Cones Draught Gauge
Cooling. Vitrified Bricks for Special Work. Clinkers and Paving Bricks Acid-proof
Bricks. Fire-Bricks and Blocks. Materials Grog Grinding Blocks Drying Dipped
Fire-bricks Firing Silica Bricks Canister Bricks Bauxite and Magnesia Bricks
Neutral Fire-bricks. Glazed Bricks. Pressing Dipping Glazes Coloured Glazes Ma-
jolica Glazes Firing Salt-glazed Bricks. Perforated, Radial, and Hollow Bricks.
Fireproof Flooring. Moulded and Ornamental Bricks Drying Raw Clay Sources of
Difficulty and Loss. Improper Materials or Site Unsuitable Methods of Working Lack
of Capital Defective Accounting. Index.

THE MANUAL OF PRACTICAL POTTING. Compiled
by Experts, and Edited by CHAS. F. BINNS. Third Edition, Revised
and Enlarged. 200 pp. Demy 8vo. Price 17s. 6d. net. (Post free
17s. lOd. home; 18s. 3d. abroad.)

POTTERY DECORATING. A Description of all the Pro-
cesses for Decorating Pottery and Porcelain. By R. HAINBACH.
Translated from the German. Crown 8vo. 250 pp. Twenty-two
Illustrations. Price 7s. 6d. net. (Post free, 7s. lOd. home ; 8s. abroad.)

Contents.
Glazes and Engobes. Glazes and Their Composition Glaze Materials The Prepara-

tion of Glazes Coloured Glazes Engobes and Glazes for same Porcelain Glazes. Ceramic
Colours. Preparation of Pure Colours Underglaze Colours Applying the Colours on
Earthenware Glost Fire Colours Muffle Colours Decorating Porcelain with Metals
Decorating Porcelain by Electroplating Lustre Decorating on Porcelain Firing Muffle
Colours Imitation of Paintings on Porcelain Index.

ARCHITECTURAL POTTERY. Bricks, Tiles, Pipes, Ena-
melled Terra-cottas, Ordinary and Incrusted Quarries, Stoneware
Mosaics, Faiences and Architectural Stoneware. By LEON LEFEVRE.
Translated from the French by K. H. BIRD, M.A., and W. MOORE
BINNS. With Five Plates. 950 Illustrations in the Text, and numerous
estimates. 500 pp., royal 8vo. Price 15s. net. (Post free, 15s. 6d.

home
;

16s. 6d. abroad.)
Contents.

Part I., Plain Undecorated Pottery. Chapter I., Clays : Sec. 1, Classification, General
Geological Remarks Classification, origin, locality; Sec. 2, General Properties and Composi-
tion : physical properties, contraction, analysis, influence of various substances on the

properties of clays; Sec. 3, Working of Clay Pits I. Open pits II. Underground pits

Mining Laws. Chapter II., Preparation of the Clay : Crushing cylinders and mills, pounding
machines Damping : damping machines Soaking, Shortening, Pugging : horse and steam
pug-mills, rolling cylinders Particulars of the above machines. Chapter III., Bricks : Sec. 1,

Manufacture (1) Hand and machine moulding. I. Machines working by compression : on soft

clay, on semi-firm clay, on firm clay, on dry clay. II. Expression machines Dies Cutting-
tables Particulars of the above machines Types of installations Estimates Planishing,
hand and steam presses, particulars (2) Drying Drying-roams in tiers, closed drying-rooms,
in tunnels, in galleries Detailed estimates of the various drying-rooms, comparison of prices
Transport from the machines to the drying-rooms (3) Firing I. In clamps II. In intermittent
kilns. A. Open : a. using wood ;

b. coal ; b'. in clamps ;
b". flame B. Closed : c. direct flame

;

c'. rectangular; c". round; d. reverberatory III. Continuous kilns. C. With solid fuel : round
kiln, rectangular kiln, chimneys (plans and estimates) D. With gas fuel, Fillard kiln (plans and
estimates), Schneider kiln (plans and estimates), water-gas kiln Heat production of the kilns

;

Sec. 2, Dimensions, Shapes, Colours, Decoration and Quality of Bricks Hollow bricks-
Dimensions and prices of bricks, various shapes, qualities Various hollow bricks, dimensions,
resistance qualities ;

Sec. 3, Applications History Asia, Africa, America, Europe : Greek,
Roman, Byzantine, Turkish, Romanesque, Gothic, Renaissance. Chapter IV., Tiles: Sec. 1,

History; etc.

Part II., Made-up or Decorated Pottery. Chapter I., General Remarks on the
Decoration of Pottery: Dips Glazes: composition, colouring, preparation, harmony with

pastes Special processes of decoration Enamels, opaque, transparent, colours, under-glaze,

over-glaze Other processes. Chapter II., Glazed and Enamelled Bricks History: Glazing
Enamelling Applications Enamelled tiles. Chapter III., Decorated Quarries: I. Paving

Quarries 1. Decorated with dips 2. Stoneware: A. Fired to stoneware; a. of slag base

Applications ;
b. of melting clay Applications B. Plain or incrusted stoneware ;

a. of special

clay (Stoke-on-Trent) Manufacture Application b. Of felspar base Colouring, manu-
facture, moulding, drying, firing Applications. II. Facing Quarries 1. In faience A. Of
limestone paste B, Of silicious paste C. Of felspar paste Manufacture, firing 2. Of glazed
stoneware 3. Of porcelain Applications of facing quarries. III. Stove Quarries Prepara-
tion of the pastes, moulding, firing, enamelling, decoration Applications. Chapter IV.,
Architectural Decorated Pottery: Sec. 1, Faiences; Sec. 2, Stoneware; Sec. 3, Porcelain.

Chapter V., Sanitary Pottery : Stoneware Pipes Manufacture, firing Applications Sinks-
Applications Urinals, seats and pans Applications Drinking fountains, wash-stands. Index.



CERAMIC TECHNOLOGY: Being some Aspects of Tech-
nical Science as Applied to Pottery Manufacture. Edited by CHARLES
F. BINNS. 100 pp. Demy 8vo. Price 12s. 6d. net. (Post free,

12s. lOd. home; 13s. abroad.)

Contents.
Preface The Chemistry of Pottery Analysis and Synthesis Clays and their Com-

ponents The Biscuit Oven Pyrometry Glazes and their Composition Colours and

Colour-making Index.

THE ART OF RIVETING GLASS, CHINA AND
EARTHENWARE. By J. HOWARTH. Second Edition.

Paper Cover. Price ls.net. (By post, home or abroad, Is. Id.)

NOTES ON POTTERY CLAYS. The Distribution, Pro-

perties, Uses and Analyses of Ball Clays, China Clays and China
Stone. By JAS. FAIRIE, F.G.S. 132 pp. Crown 8vo. Price 3s. 6d.

net. (Post free, 3s. 9d. home ;
3s. lOd. abroad.)

A Reissue of

THE HISTORY OF THE STAFFORDSHIRE POTTER-
IES

;
AND THE RISE AND PROGRESS OF THE

MANUFACTURE OF POTTERY AND PORCELAIN.
With References to Genuine Specimens, and Notices of Eminent Pot-
ters. By SIMEON SHAW. (Originally published in 1829.) 265 pp.

Demy 8vo. Price 5s. net. (Post free, 5s. 4d. home
;
5s. 9d. abroad.)

A Reissue of

THE CHEMISTRY OF THE SEVERAL NATURAL
AND ARTIFICIAL HETEROGENEOUS COM-
POUNDS USED IN MANUFACTURING POR-
CELAIN, GLASS AND POTTERY. By SIMEON SHAW.
(Originally published in 1837.) 750 pp. Royal 8vo. Price 10s. net.

(Post free, 10s. 6d. home
;
12s. abroad.)

BRITISH POTTERY MARKS. By G. WOOLLISCROFT RHEAD.
Demy 8vo. 310 pp. With Fourteen Illustrations in Half-tone and

upwards of Twelve-hundred Marks in the Text. Price 7s. 6d. net. (Post
free, 8s. home

;
8s. 3d. abroad.) [Just published.

Glassware, Glass Staining and
Painting.

RECIPES FOR FLINT GLASS MAKING. By a British

Glass Master and Mixer. Sixty Recipes. Being Leaves from the

Mixing Book of several experts in the Flint Glass Trade, containing
up-to-date recipes and valuable information as to Crystal, Demi-crystal
and Coloured Glass in its many varieties. It contains the recipes for

cheap metal suited to pressing, blowing, etc., as well as the most costly

crystal and ruby. Second Edition. Crown 8vo. Price 10s. 6d. net.

(Post free, 10s. 9d. home
;
10s. lOd. abroad.)
Contents.

Ruby Ruby from Copper Flint for using with the Ruby for Coating A German Metal

Cornelian, or Alabaster Sapphire Blue Crysophis Opal Turquoise Blue Gold Colour
Dark Green Green (common) Green for Malaci.ite Blue for Malachite Black for Mala-
chite Black Common Canary Batch Canary White Opaque Glass Sealing-wax Red
Flint Flint Glass (Crystal and Demi) Achromatic Glass Paste Glass White bnamel
Firestone Dead White (for moons) White Agate Canary Canary Enamel Index.



A TREATISE ON THE ART OF GLASS PAINTING.
Prefaced with a Review of Ancient Glass. By ERNEST R. SUPPLING.
With One Coloured Plate and Thirty-seven Illustrations. Demy 8vo.
140 pp. Price 7s. 6d. net. (Post free, 7s. lOd. home

;
8s. abroad.)

Contents.
A Short History of Stained Glass Designing Scale Drawings Cartoons and the Cut Line
Various Kinds of Glass Cutting for Windows The Colours and Brushes used in Glass

Painting Painting on Glass, Dispersed Patterns Diapered Patterns Adding Firing-
Fret Lead Glazing Index.

PAINTING ON GLASS AND PORCELAIN AND
ENAMEL PAINTING. A Complete Introduction to the
Preparation of all the Colours and Fluxes used for Painting on Porce-
lain, Enamel, Faience and Stoneware, the Coloured Pastes and Col-
oured Glasses, together with a Minute Description of the Firing of
Colours and Enamels. By FELIX HERMANN, Technical Chemist. With
Eighteen Illustrations. 300 pp. Translated from the German second
and enlarged Edition. Price 10s. 6d. net. (Post free, 10s. lOd. home

;

lls. abroad.)

Paper Making, Paper Dyeing,
and Testing.

THE DYEING OF PAPER PULP. A Practical Tieatise for
the use of Papermakers, Paperstainers Students and others. By
JULIUS ERFURT, Manager of a Paper Mill. Translated into English
and Edited with Additions by JULIUS HOBNER, F.C.S., Lecturer on
Papermaking at the Manchester Municipal Technical School. With
Illustrations and 157 patterns of paper dyed in the pulp. Royal
8vo, 180 pp. Price 15s. net. (Post free, 15s. 6d. home; 16s. 6d. abroad.)

Contents.
Behaviour of the Paper Fibres during the Process of Dyeing, Theory of the

Mordant Colour Fixing Mediums (Mordants) Influence of the Quality of the Water
Used -Inorganic Colours Organic Colours Practical Application of the Coal Tar
Colours according to their Properties and their Behaviour towards the Different
Paper Fibres oyed Patterns on Various Pulp Mixtures Dyeing to Shade Index.

THE PAPER MILL CHEMIST. By HENRY P. STEVENS,
M.A., Ph.D., F.I.C. Royal 12mo. 60 Illustrations. 300 pp. Price
7s. 6d. net. (Post free 7s. 9d. home

;
7s. lOd. abroad.)

Contents.
Introduction. Dealing with the Apparatus required in Chemical Work and General

Chemical Manipulation, introducing the subject of Qualitative and Quantitative Analysis.
Fuels. Analysis of Coal, Coke and other Fuels Sampling and Testing for Moisture, Ash,
Calorific Value, etc. Comparative Heating Value of different Fuels and Relative Efficiency.
Water. Analysis for Steam Raising and for Paper Making Purposes generally Water
Softening and Purification A List of the more important Water Softening Plant, giving
Power required, Weight, Space Occupied, Out-put and Approximate Cost. Raw Materials
and Detection of Adulterants. Analysis and Valuation of the more imrortant Chemicals
used in Paper Making, including Lime, Caustic Soda, Sodium Carbonate, Mineral Acids,
Bleach Antichlor, Alum, Rosin and Rosin Size, Glue Gela in and Casein, Starch, China Clay,
Blanc Fixe, Satin White and other Loading Materials, Mineral Colours and Aniline Dyes
Manufacturing Operations. Rags and the Chemical Control of Rag Boiling Esparto
Boiling Wood Boiiing Testing Spent Liquors and Recovered Ash Experimental Tests
with Raw Fibrous Materials Boiling in Autoclaves Bleaching and making up Hand Sheets
Examination of Sulphite Liquors Estimation of Moisture in Pulp and Half-stuff Recom-

mendations of the British Wood Pulp Association. Finished Products. Paper Testing,
including Physical, Chemical and Microscopical Tests, Area, Weight, Thickness, Apparent
Specific Gravity, Bulk or Air Space. Determination of Machine Dir ction, Thickness,
Strength, Stretch, Resistance to Crumpling and Friction, Transparency, Absorbency and
other qualities of Blotting Papers Determination of the Permeability of Filtering Papers
Detection and Estimation of Animal and Vegetable Size in Paper Sizing Qualities of

Paper Fibrous Constituents Microscopical Examination of Fibres The Effect of Beating
on Fibres Staining Fibres M neral Matter Ash Qualitative and Quantitative Examina-
tion of Mineral Matter Examination of Coated Papers and Colouring Matters in Paper.



Contents of "The Paper Mill Chemist" continued.

Tables. English and Metrical Weights and Measures with Equivalents Conversion of
Grams to Grains and vice versa Equivalent Costs per lb., cwt.,and ton Decimal Equivalents
of Ibs., qrs., and cwts. Thermometric and Barometric Scales Atomic Weights and Molecular

Weights Factors for Calculating the Percentage of Substance Sought from the Weight of
Substance Found Table of Solubilities of Substances Treated of in Paper Making Specific
Gravity Tables of such substances as are used in Paper Making, including Sulphuric Acid,
Hydrochloric Acid, Bleach, Milk of Lime, Caustic Soda, Carbonate of Soda, etc., giving
Percentage Strength with Specific Gravity and Degrees Tw. Hardness Table for Soap
Tests Dew Point Wet and Dry Bulb Tables Properties of Saturated Steam, giving
Temperature, Pressure and Volume List of Different Machines used in the Paper Making
Industry, giving Size, Weight, Space Occupied, Power to Drive, Out-put and Approximate
Cost Calculation of Moisture in Pulp Rag-Boiling Tables, giving Percentages of Lime,
Soda and Time required Loss in Weight in Rags and other Raw Materials during Boiling
and Bleaching Conditions of Buying and Selling as laid down by the Paper Makers' Associa-
tion Table of Names and Sizes of Papers Table for ascertaining the Weight per Ream from
the Weight per Sheet Calculations of Areas and Volumes Logarithms Blank pages for

Notes.

THE TREATMENT OF PAPER FOR SPECIAL
PURPOSES. By L. E. ANDES. Translated from the
German. Crown 8vo. 48 Illustrations. 250 pp. Price 6s. net. (Post

free, 6s. 4d. home
;

6s;. 6d. abroad.)
Contents.

I., Parchment Paper, Vegetable Parchment. The Parchment Paper Machine-
Opaque Supple Parchment Paper Thick Parchment Krugler's Parchment Paper and Parch-
ment Slates Double and Triple Osmotic Parchment Utilising Waste. Parchment Paper
Parchmented Linen and Cotton Parchment Millboard Imitation Horn and Ivory from
Parchment Paper Imitation Parchment Paper Artificial Parchment Testing the Sulphuric
Acid. II., Papers for Transfer Pictures. III., Papers for Preservative and Packing
Purposes. Butter Paper Wax Paper Paraffin Paper Wrapping Paper for Silverware

Waterproof Paper Anticorrosive Paper. IV., Grained Transfer Papers. V., Fireproof and
Antifalsification Papers. VI., Paper Articles. Vulcanised Paper Mache Paper Bottles-
Plastic Articles of Paper Waterproof Coverings for Walls and Ceilings Paper Wheels,
Roofing and Boats Pa er Barrels Paper Boxes Paper Horseshoes. VII., Gummed Paper.
VIII., Hectograph Papers. IX., Insecticide Papers. Fly Papers Moth Papers. X.,
Chalk and Leather Papers. Glace Chalk Paper Leather Paper Imitation Leather.

XI., Luminous Papers Blue-Print Papers Blotting Papers. XII., Metal Papers Medi-
cated Papers. XIII., Marbled Papers. XIV., Tracing and Copying Papers Iridiscent or
Mother of Pearl Papers. XV., Photographic Papers Shellac Paper Fumigating Papers-
Test Papers. XVI., Papers for Cleaning and Polishing Purposes Glass Paper
Pumic Paper Emery Paper. XVII., Lithographic Transfer Papers. XIX., Sundry
Special Papers Satin Paper Enamel Paper Cork Paper Split Paper Electric Paper-
Paper Matches Magic Pictures Laundry Blue Papers Blue Paper for Bleachers. XX.,
Waterproof Papers Washable Drawing Papers Washable Card Washable Coloured Paper
Waterproof Millboard Sugar Paper. XXL, The Characteristics of Paper Paper Testing.

Enamelling on Metal.
ENAMELS AND ENAMELLING. For Enamel Makers,

Workers in Gold and Silver, and Manufacturers of Objects of Art.

By PAUL RANDAU. Translated from the German. With Sixteen Illus-

trations. Demy Svo. 180 pp. Price 10s. 6d. net. (Post free, 10s. lOd.

home
;

11s. abroad.)

THE ART OF ENAMELLING ON METAL. By W.
NORMAN BROWN. Twenty-eight Illustrations. Crown Svo. 60 pp.
Price 2s. 6d. net. (Post free, 2s. 9d. home and abroad.)

Silk Manufacture.
SILK THROWING AND WASTE SILK SPINNING.

By HOLLINS RAYNER. Demy Svo. 170 pp.- 117 Illus. Price 5s. net.

(Post free, 5s. 4d. home ; 5s. 6d. abroad.)
Contents.

The Silkworm Cocoon Reeling and Qualities of Silk Silk Throwing Silk Wastes The
Preparation of Silk Waste for Degumming Silk Waste Degumming, Schapping and Dis-

chargingThe Opening and Dressing of Wastes Silk Waste "
Drawing

" or "
Preparing

"

Machinery Long Spinning Short Spinning Spinning and Finishing Processes Utilisation

of Waste Products Noil Spinning Exhaust Noil Spinning.



Books on Textile and Dyeing
Subjects.

THE FINISHING OF TEXTILE FABRICS (Woollen,
Worsted, Union and other Cloths). By ROBERTS BEAUMONT, M.Sc.,
M.I.Mech.E., Professor of Textile Industries, the University of Leeds;
Author of " Colour in Woven Design"; "Woollen and Worsted Cloth
Manufacture "

;

" Woven Fabrics at the World's Fair "
; Vice-President

of the Jury of Award at the Paris Exhibition, 1900; Inspector of Tex-
tile Institutes

; Society of Arts Silver Medallist
; Honorary Medallist

of the City and Guilds of London Institute. With 150 Illustrations of

Fibres, Yarns and Fabrics, also Sectional and other Drawings of

Finishing Machinery. Demy 8vo, 260 pp. Price 10s. 6d. net. (Post
free, 10s. lOd. home; 11s. 3d. abroad.) [Just Published.

Contents.
I., Woollen, Worsted and Union Fabrics. Sections (1) Woollen Cloths: Saxonies and

Cheviots (2) Worsted Fabrics : Botany and Crossbred (3) Fancy and Piece-dye Woollens
(4) Fancy and Piece-dye Worsteds (5) Union Fabrics: Piece-dyes and Fancies (6) Whip-

cords, Buckskins, Venetians, Cords and Twist warp Fancies (7) Heavy Woollens: Box
Cloths, Meltons, Pilots (8) Friezes, Shetlands and Naps (9) Special Types of Overcoatings
-(10) Golf Cloakings (11) Vestings. II., Processes of Finishing- and their Effects.
Sections (12) Qualities of Unfinished Woollens (13) Worsted Fabrics and Finishing (14)

Preliminary Work (15) Finishing Processes (16) Scouring and the Detergents Used (17)

Hydro-extracting (18) Tentering and Drying (19) Felting and its Effects (20) Condition of
the Piece in Milling (21) Potash and Soda Soaps (22) Effects of Raising (23) Influence of
Textural Conditions on Raising (24) Theory of Raising and the Twine in the Yarn (25) Fabric
Structure and Raising Surface (26) Several Kinds of Raising (27) Lustring Proceses (28)

Pressing. III., The Process of Scouring : Scouring Machines. Sections (29) Impurities in

Greasy Pieces (30) Scouring Machines (31) The Rope Machine: Scouring Operation (32)

Washing-off (33) Points in the Use of the Rope Scourer- (34) The Open Scourer: Construc-
tion (35) Advantages of the Open Scourer (36) Scouring Machine with Flanged Rollers- (37)
Combined Scouring and Milling Machine. IV., Theory of Felting. Sections (38) Qualities
of Wool in Relation to Felting (39) Shrinkage Properties of Merino and Cheviot Wools (40)

Felting Contrasts, Merino and Southdown Wools (41) Utility in Woven Manufactures of
Wools of Different Shrinking Qualities (42) Yarn Structure-<43) Felting Affected by Yarn
Composition (44) Methods of Yarn Construction and Felting (45) Shrinkage of Fabrics made
of Re-manufactured Fibres (46) Degree of Twine in the Yarn (47) Folded Yarns and Shrink-
age. V., Theory of Felting : Fabric Structure. Sections (48) Build of the Fabric (49)
Felting Quality of Standard Weaves (50) Influence of Intersections (51) Variation in Wefting

(52) Irregular
Relative !

Fabrics. -

(56) Three-ply Weft Fabrics (57) Yarn Characteristics in Compound Weft Fabrics (58)
Fabrics Compound in the Warp (59) Felting of Compound Weaves (60) Double Cloths and
Varied Felting (61) Stitching or Tying of Double and Compound Weaves and the Effects on
Milling. VII., Fulling and Milling Machinery. Sections (62) "Fulling" and "Milling"

(63) Routine in the Fulling Stocks and Milling Machine (64) Construction and Working of
the Fuller Stocks (65) Milling Machines (66) Routine of Milling (67) Corrugated Guide
Rollers (68) Machines with Two or More Upper Rollers (69) Dupl x Machines (70) Machines
without Flanged Roller (71) Mechanical Devices applied to the Spout (72) Roller Milling
Machine with Stampers in the Spout (73) Principle of Combined Milling Machine and Stocks

(74) Combined Scouring and Milling (75) Milling without Artificial Compression. VIII.,
The Theory of Raising. Sections (76) Treatment of the Cloth (77) Condition of the Cloth

(78) Dry Raising (79) Damp and Wet Raising (80) Raising Determined by the Degree of

Felting (81) Quality of the Material and the Raised Result (82) Raising and Weave Structure
(83) Quality of the Fibre and Yarn Structure (84) Raising of Fabrics in which Special or

Fancy Yarns are used. IX., Raising Machinery and the Raising Process. Sections (85)
Hand Raising (86) Raising Gig (87) Operation of the Raising Gig (88) Two-cylinder
Raising Gig (89) Teazle Raising (90) Teazles and Card-wire Compared (91) Card -wire

Raising Machines (92) Modern Card Raising Machines (93) The Horizontal Machine
(94) Rotary Machines. X., Cutting, Cropping or Shearing. Sections (97) Cropping

(98) The Effects of Cutting (99) Cutting Machines (100) The Cross-Cutting Machine
(101) The Continuous Cutting Machine (102) Setting of the Cutting Parts (103) Form
of the Bar or "Bed" under the Cutters (104) Machines with Two or More Cylinders (105)

Grinding. XL, Lustring Processes and Machinery. Sections (106) The Production of
Lustre on Woollen and Worsted Fabrics (107) Steaming and Cooling Machines (108)

Pressing (109) The Vertical Press (110) The Rotary Press (111) Intermittent Pressing
Machine. XII., Methods of Finishing. Sections (112) Routines of Finishing (113) Woollen
Routines of Finishing (114) Worsted Routines of Finishing (115) Routines of Finishing for
Union Fabrics Index.



THE CHEMICAL TECHNOLOGY OP TEXTILE
FIBRES: Their Origin, Structure, Preparation, Washing,
Bleaching, Dyeing, Printing and Dressing. By Dr. GEORG VON
GEORGIEVICS. Translated from the German by CHARLES SALTER.
320 pp. Forty-seven Illustrations. Royal 8vo. Price 10s. 6d. net.

(Post free, lls. home ; 11s. 3d. abroad.)
POWER-LOOM WEAVING AND YARN NUMBERING,

According to Various Systems, with Conversion Tables. Translated
from the German of ANTHON GRUNER. With Twenty-Six Diagrams
in Colours. 150 pp. Crown 8vo. Price 7s. 6d. net. (Post free,
7s. 9d. home ; 8s. abroad.)

TEXTILE RAW MATERIALS AND THEIR CON-
VERSION INTO YARNS. (The Study of the Raw
Materials and the Technology of the Spinning Process.) By JULIUS
ZIPSER. Translated from German by CHARLES SALTER. 302 Illus-

trations. 500 pp. Demy 8vo. Price 10s. 6d. net. (Post free, lls.

home; lls. 6d. abroad.)
GRAMMAR OF TEXTILE DESIGN. By H. NISBET,

Weaving and Designing Master, Bolton Municipal Technical School.

Demy 8vo. 280 pp. 490 Illustrations and Diagrams. Price 6s. net.

(Post free, 6s. 4d. home ; 6s. 6d. abroad.)
Contents.

THE PLAIN WEAVE AND ITS MODIFICATIONS. TWILL AND KINDRED WEAVES. Classifi-

cation of Twill Weaves. DIAMOND AND KINDRED WEAVES. BEDFORD CORDS. BACKED
FABRICS. FUSTIANS. TERRY PILE FABRICS. GAUZE AND LENO FABRICS. TISSUE, LAPPET,
AND SWIVEL FIGURING ; ALSO ONDULE EFFECTS, AND LOOPED FABRICS.

ART NEEDLEWORK AND DESIGN. POINT LACE. A
Manual of Applied Art for Secondary Schools and Continuation Classes.

By M. E. WILKINSON. Oblong quarto. With 22 Plates. Bound in

Art Linen. Price 3s. 6d. net. (Post free, 3s. lOd. home
;
4s. abroad.)

Contents.
Sampler of Lace Stitches Directions for working Point Lace, tracing Patterns, etc.

List of Materials and Implements required for working. Plates I., Simple Lines, Straight and
Slanting, and Designs formed from them. II., Patterns formed from Lines in previous
Lesson. III., Patterns formed from Lines in previous Lesson. IV., Simple Curves, and
Designs formed from them. V., Simple Leaf form, and Designs 'formed from it. VI., Ele-

mentary Geometrical forms, with Definitions. VII., Exercises on previous Lessons. VIII.,

Filling of a Square, Oblong and Circle with Lace Stitches. IX., Design for Tie End, based
on simple Leaf form. X., Lace Butterflies (Freehand). XI.. Twenty simple Designs evolved
from Honiton Braid Leaf. XII., Design for Lace Handkerchief, based on previous Lesson.
XIII., Design for Tea-cosy. XIV., Freehand Lace Collar. XV., Freehand Lace Cuff (to

match). XVI., Application of Spray from Lesson XI. XVII., Adaptation of Curves within
a Square, for Lace Cushion Centre. XVIII., Conventional Spray for corner of Tea-cloth.

XIX., Geometrical form for Rosebowl D'Oyley, to be originally filled in. XX., Geometrical
form for Flower-vase D'Oyley, to be originally filled in. Each Lesson contains Instructions
for Working, and application of new Stitches from Sampler.HOME LACE-MAKING. A Handbook for Teachers and

Pupils. By M. E. W. MILROY. Crown 8vo. 64 pp. With 3 Plates
and 9 Diagrams. Price Is. net. (Post free, Is. 3d. home ;

Is. 4d.

abroad.)
THE CHEMISTRY OF HAT MANUFACTURING. Lec-

tures delivered before the Hat Manufacturers' Association. By WAT-
SON SMITH, F.C.S., F.I.C. Revised and Edited by ALBERT SHONK.
Crown 8vo. 132 pp. 16 Illustrations. Price 7s. 6d. net. (Post free,

7s. 9d. home ; 7s. lOd. abroad.)
THE TECHNICAL TESTING OF YARNS AND TEX-

TILE FABRICS. With Reference to Official Specifica-
tions. Translated from the German of Dr. J. HERZFELD. Second
Edition. Sixty-nine Illustrations. 200 pp. Demy 8vo. Price 10s. 6d.

net. (Post free, 10s. lOd. home ;
lls. abroad.)

DECORATIVE AND FANCY TEXTILE FABRICS.
By R. T. LORD. For Manufacturers and Designers of Carpets, Damask,
Dress and all Textile Fabrics. 200 pp. Demy 8vo. 132 Designs and
Illustrations. Price 7s. 6d. net. (Post free, 7s. lOd. home ;

8s. abroad.)



THEORY AND PRACTICE OF DAMASK WEAVING.
By H. KINZER and K. WALTER. Royal 8vo. Eighteen Folding Plates.
Six Illustrations. Translated from the German. 110 pp. Price 8s. 6d.
net. (Post free, 9s. home ; 9s. 6d. abroad.)

Contents.
The Various Sorts oi Damask Fabrics Drill (Ticking, Handloom-made) Whole

Damask for Tablecloths Damask with Ground- and Connecting-warp Threads Furniture
Damask Lampas or Hangings Church Damasks The Manufacture of Whole Damask
Damask Arrangement with and without Cross-Shedding The Altered Cone-arrangement

The Principle of the Corner Lifting Cord The Roller Principle The Combination of the
Jacquard with the so-called Damask Machine The Special Damask Machine The Combina-
tion of Two Tyings.

FAULTS IN THE MANUFACTURE OF WOOLLEN
GOODS AND THEIR PREVENTION. By NICOLAS
REISER. Translated from the Second German Edition. Crown 8vo.

Sixty-three Illustrations. 170 pp. Price 5s. net. (Post free, 5s. 4d.
home

; 5s. 6d. abroad.)
Contents.

Improperly Chosen Raw Material or Improper Mixtures Wrong Treatment of the
Material in Washing, Carbonisation, Drying, Dyeing and Spinning Improper Spacing of the
Goods in the Loom Wrong Placing of Colours Wrong Weight or Width of the Goods
Breaking of Warp and Weft Threads Presence of Doubles, Singles, Thick, Loose,

and too Hard Twisted Threads as well as Tangles, Thick Knots and the Like Errors in

Cross-weaving Inequalities, i.e., Bands and Stripes Dirty Borders Defective Selvedges
Holes and Buttons Rubbed Places Creases Spots Loose and Bad Colours Badly Dyed
Selvedges Hard Goods Brittle Goods Uneven Goods Removal of Bands, Stripes,
Creases and Spots.

SPINNING AND WEAVING CALCULATIONS, especially
relating to Woollens. From the German of N. REISER. Thirty-four
Illustrations. Tables. 160 pp. Demy 8vo. 1904. Price 10s. 6d. net.

(Post free, 10s. lOd. home; 11s. abroad.)
Contents.

Calculating the Raw Material Proportion of Different Grades of Wool to Furnish a
Mixture at a Given Price Quantity to Produce a Given Length Yarn Calculations Yarn
Number Working Calculations Calculating the Reed Count Cost of Weaving, etc.

WATERPROOFING OF FABRICS. By Dr. S. MIERZINSKI.
Crown 8vo. 104 pp. 29 Illus. Price 5s. net. (Post free, 5s. 3d. home ;

5s. 4d. abroad.)
Contents.

Introduction Preliminary Treatment of the Fabric Waterproofing with Acetate of
Alumina Impregnation of the Fabric Drying Waterproofing with Paraffin Waterproofing
with Ammonium Cuprate Waterproofing with Metallic Oxides Coloured Waterproof
Fabrics Waterproofing with Gelatine, Tannin, Caseinate of Lime and other Bodies Manu-
facture of Tarpaulin British Waterproofing Patents Index.

HOW TO MAKE A WOOLLEN MILL PAY. By JOHN
MACKIE. Crown 8vo. 76 pp. Price 3s. 6d. net. (Post free, 3s. 9d.

home
;

3s. lOd. abroad.)
Contents.

Blends, Piles, or Mixtures of Clean Scoured Wools Dyed Wool Book The Order Book
Pattern Duplicate Books Management and Oversight Constant Inspection of Mill De-

partments Importance of Delivering Goods to Time, Shade, Strength, etc. Plums.

(For
" Textile Soaps and Oils

"
see p. 7.)

Dyeing, Colour Printing,
Matching and Dye-stuffs.

THE COLOUR PRINTING OF CARPET YARNS. Manual
for Colour Chemists and Textile Printers. By DAVID PATERSON,
F.C.S. Seventeen Illustrations. 136 pp. Demy 8vo. Price 7s. 6d.

net. (Post free, 7s. lOd. home ; 8s. abroad.)
Contents.

Structure and Constitution of Wool Fibre Yarn Scouring Scouring Materials Water for

Scouring Bleaching Carpet Yarns Colour Making for Yarn Printing Colour Printing
Pastes Colour Recipes for Yarn Printing Science of Colour Mixing Matching of Colours

" Hank "
Printing Printing Tapestry Carpet Yarns Yarn Printing Steaming Printed

Yarns Washing of Steamed Yarns Aniline Colours Suitable for Yarn Printing Glossary of

Dyes and Dye-wares used in Wood Yarn Printing Appendix,



Contents of ' Modern Bleaching: Agents and Detergents"-
continued.

Behaviour of Oxygenol toward Dyed Fabrics. Sodium Peroxide as a Detergent. Sodium
Peroxide Soap. Sundry New Detergents and Cleansing Agents. Tetrapoi Lavado
Novol Weiss's Benzine Washing Preparation Hexol Steinberg's Detergent Oil Ozonite
Ozonal Quillola Gruner's Washing Powder Eureka Washing Powder Detergent Soaps
that Liberate Oxygen Klein's Detergent Soap Detergent for Sensitive Colours Poltzow's
Detergent Soap Wolzendorff's Cyanide and Photographer's Ink Detergent Liquids
Hummel's Detergent Liquid Detergent Paste Blanchissine Henkel's Persil Reinol, Triol,
Tetra-Isol, Benzin-Isol, Terpin-Isol, Isobenzine Soap and Iso Soap.

Cotton Spinning and Combing.
COTTON SPINNING (First Year). By THOMAS THORNLEY,

Spinning Master, Bolton Technical School. 160pp. Eighty-four Illus-

trations. Crown 8vo. Second Impression. Price 3s. net. (Post free,
3s. 4d. home

;
3s. 6d. abroad.)

COTTON SPINNING (Intermediate, or Second Year). By
THOMAS THORNLEY. Second Impression. 180 pp. Seventy Illustra-

tions. Crown 8vo. Price 5s. net. (Post free, 5s. 4d. home ;
5s. 6d.

abroad.)

COTTON SPINNING (Honours, or Third Year). By THOMAS
THORNLEY. 216 pp. Seventy-four Illustrations. Crown 8vo. Second
Edition. Price 5s. net. (Post free, 5s. 4d. home

;
5s. 6d. abroad.)

COTTON COMBING MACHINES. By THOS. THORNLEY,
Spinning Master, Technical School, Bolton. Demy 8vo. 117 Illustra-

tions. 300 pp. Price 7s. 6d. net. (Post free, 8s. home
;
8s. 6d. abroad.)

Flax, Hemp and Jute Spinning.
MODERN FLAX, HEMP AND JUTE SPINNING AND

TWISTING. A Practical Handbook for the use of Flax,
Hemp and Jute Spinners, Thread, Twine and Rope Makers. By
HERBERT R. CARTER, Mill Manager, Textile Expert and Engineer,
Examiner in Flax Spinning to the City and Guilds of London
Institute. Demy 8vo. 1907. With 92 Illustrations. 200 pp. Price
7s. 6d. net. (Post free, 7s. 9d. home

;
8s. abroad.)

FIBRES USED IN TEXTILE AND ALLIED INDUS-
TRIES. By C. AINSWORTH MITCHELL, B.A. (Oxon.), F.I.C.,
and R. M. PRIDEAUX, F.I.C. With 66 Illustrations specially drawn
direct from the Fibres. Demy 8vo. 200 pp. Price 7s. 6d. net.

(Post free, 7s. 9d. home
;
8s. abroad.) [Just published.
Contents.

Classification, General Characteristics, and Microscopical Examination of Fibres Stegmata
Chemical Examination Ultimate Fibres Methyl Value Moisture in Fibres. Wool.

Nature of Wool Commercial Varieties Characteristics of Good Wool Merino Micro-

scopical Appearance Mould in Wool Felting Property Curl of Wool Chemical Composi-
tion Action of Reagents on Woof Chlorinised Wool 'Detection of Dyed Fibres in Wool
Conditioning of Wool. Vicuna Camel Hair Alpaca Llama Hair Mohair Cashmere
Goats' Hair Cow Hair Horse Hair Deer Hair Reindeer Hair Rabbits' Hair-

Cats' Hair Dogs' Hair Kangaroos' Hair Human Hair. Silk. Origin of Silk-
Reeling Waste Silk History Commercial Varieties of Thread Size of Yarns Wild Silks

Microscopical Characteristics Colour of Silk Size of Fibres Strength and Elasticity
Specific Gravity Chemical Composition Fibroin Sericin Hydrolysis of Silk Proteins
Action of Chemical Agents Absorption of Tannin Weighting Differentiation and Separation
from other Fibres. Cotton. Origin History Commercial Varieties Structure of the
Fibre Cell Walls Dimensions of Fibre Chemical Composition Cellulose Action of

Reagents Nitrated Cotton Examination of Bleached Fabrics Absorption of Tannin-
Absorption of Gases Absorption of Dyestuffs

"
Animalizing

"
of Cotton Sized Cotton

Polished Cotton Mould in Cotton Waterproofed Cotton. Mercerised Cotton History
Structural Alteration of Fibres Affinity for Dyestuffs Chemical Changes in Mercerisation
Effect upon Strength of Fibre Measurement of Shrinkage Reactions and Tests for Mercer-
ised Cotton Dyestuff Tests, Artificial Silks. Historical Outline of Processes Strength



and Elasticity Covering Power Specific Gravity Water Microscopical Appearance Re-
actions and Chemical Tests. Linen and Ramie. Linen Source Varieties of Commercial
Flax Retting of Flax Lustrous Linen Use of Linen as a Textile Characteristics of the
Fibre Structure Action of Reagents Physical Properties Composition Flax Wax.
Ramie Source Preparation History Properties Composition. Jute and other
Fibr?s. Jute Source Commercial Varieties Properties Microscopical Appearance
Chemical Composition The Cellulose of Jute Lignocelluloses Chemical Reactions. Hemp.
Source History Varieties Properties Microscopical Appearance Chemical Composi-

tion. Sisal Hemp. Properties Microscopical Characteristics Chemical Composition.
Pita Fibre. Manila Hemp. Characteristics Musa Paradisiaca Fibre. Banana Fibre.
Andansonia Fibre. Differentiation of Jute : Manila and Andansonia. Sanseviera Fibre
(Bowstring: Hemp). Source. Sunn Hemp Qambo Hemp New Zealand Flax-
Mauritius Hemp Yercum Fibre Pine Apple Fibre. Brush Fibres. Cocoanut Fibre
(Coir) Characteristics Ixtle Fibre Piassava Brazilian Piassava African Piassava.
Vegetable Downs and Upholstery Fibres. Bombax Cottons Kapok Ochroma Down
Kumbi or Galg il Vegetable Silk Asclepias Cotton Calotropis Down Beaumantia Down
Other Vegetable Silks Vegetable Wool Tillandsia Fibre Vegetable Horsehair. Index.

Collieries and Mines.
RECOVERY WORK AFTER PIT FIRES. By ROBERT

LAMPRECHT, Mining Engineer and Manager. Translated from the
German. Illustrated by Six large Plates, containing Seventy-six
Illustrations. 175 pp., demy 8vo. Price 10s. 6d. net. (Post free,
10s. lOd. home; 11s. abroad.)

VENTILATION IN MINES. By ROBERT WABNER, Mining
Engineer. Translated from the German. Royal 8vo. Thirty Plates
and Twenty-two Illustrations. 240 pp. Price 10s. 6d. net. (Post free,
11s. home ;

11s. 3d. abroad.)

HAULAGE AND WINDING APPLIANCES USED IN
MINES. By CARL VOLK. Translated from the German.
Royal 8vo. With Six Plates and 148 Illustrations. 150 pp. Price
8s. 6d. net. (Post free, 9s. home

; 9s. 3d. abroad.)
Contents.

Haulage Appliances Rop -s Haulage Tubs and Tracks Cages and Winding Appliances
Winding Engines for Vertical Shafts Winding without Ropes Haulage in Levels and
Inclines The Working of Underground Engines Machinery for Downhill Haulage.

THE ELECTRICAL EQUIPMENT OF COLLIERIES. By
W. GALLOWAY DUNCAN, Electrical and Mechanical Engineer, Member
of the Institution of Mining Engineers, Head of the Government School
of Engineering, Dacca, India

;
and DAVID PENMAN, Certificated Colliery

Manager, Lecturer in Mining to Fife County Committee. Demy 8vo.
310 pp. 155 Illustrations and Diagrams. Price 10s. 6d. net. (Post
free, 11s. home

; 11s. 3d. abroad.)
Contents.

General Principles, Magnetism, Units, Cells, etc. Dynamos and Motors Trans=
mission and Distribution of Power Prime Movers Lighting by Electricity Initial
Outlay and Working Cost of Electrical Installations -Electricity Applied to CoaN
cutting Electric Haulage, Winding, and Locomotives Electric Pumps and Pump=
ing Electric- Power Drills and Underground Coal Conveyers Typical Colliery
Electrical Installations Miscellaneous Applications of the Electric Current Com-
parison of the Different Modes of Transmitting Power Dangers Occurring from the
Use of Electricity in Colleries APPENDIX : Questions suitable for students preparing for

colliery managers' examinations INDEX.

Dental Metallurgy.
DENTAL METALLURGY : MANUAL FOR STUDENTS
AND DENTISTS. By A. B. GRIFFITHS, Ph.D. Demy
8vo. Thirty-six Illustrations. 200 pp. Price 7s. 6d. net. (Post free,
7s. lOd. home; 8s. abroad.)

Contents .

Introduction Physical Properties of the Metals Act'on of Certain Agents on Metals
Alloys Action of Oral Bacteria on Alloys Theory and Varieties of Blowpipes Fluxes
Furnaces and Appliances Heat and Temperature Gold Mercury Silver Iron Copper
Zinc Magnesium Cadmium Tin Lead Aluminium Antimony Bismuth Palladium
Platinum Iridium Nickel Practical Work Weights and Measures.



Engineering, Smoke Prevention
and Metallurgy.

THE PREVENTION OF SMOKE. Combioed with the
Economical Combustion of Fuel. By W. C. POPPLEWELL, M.Sc.,
A.M.Inst., C.E., Consulting Engineer. Forty-six Illustrations. 190pp.
Demy 8vo. Price 7s. 6d. net. (Post free, 7s. lOd. home

; 8s. 3d. abroad.)
Contents.

Fuel and Combustion Hand Firing in Boiler Furnaces Stoking by Mechanical Means
Powdered Fuel Gaseous Fuel Efficiency and Smoke Tests of Boilers Some Standard
Smoke Trials The Legal Aspect of the Smoke Question The Best Means to be adopted for

the Prevention of Smoke Index.

GAS AND COAL DUST FIRING. A Critical Review of
the Various Appliances Patented in Germany for this purpose since
1885. By ALBERT PUTSCH. 130 pp. Demy 8vo. Translated from the

German. With 103 Illustrations. Price 5s. net. (Post free, 5s. 4d.

home ;
5s. 6d. abroad. )

Contents.
Generators Generators Employing Steam Stirring and Feed Regulating Appliances

Direct Generators Burners Regenerators and Recuperators Glass Smelting Furnaces
Metallurgical Furnaces Pottery Furnace Coal Dust Firing Index.

THE HARDENING AND TEMPERING OP STEEL
IN THEORY AND PRACTICE. By FRIDOLIN REISER.
Translated from the German of the Third Edition. Crown 8vo.

120 pp. Price 5s. net. (Post free, 5s. 3d. home; 5s. 4d. abroad.)
Contents.

Steel Chemical and Physical Properties of Steel, and their Casual Connection-
Classification of Steel according to Use Testing the Quality of Steel Steel-

Hardening Investigation of the Causes of Failure in Hardening Regeneration of

Steel Spoilt in the Furnace Welding Steel Index.

SIDEROLOGY: THE SCIENCE OF IRON (The Con-
stitution of Iron Alloys and Slags). Translated from German of

HANNS FREIHERR v. JUPTNER. 350 pp. Demy 8vo. Eleven Plates
and Ten Illustrations. Price 10s. 6d. net. (Post free, 11s. home;
11s. 6d. abroad.)

Contents.
The Theory of Solution. Solutions Molten Alloys Varieties of Solutions Osmotic

Pressure Relation between Osmotic Pressure and other Properties of Solutions Osmotic
Pressure and Molecular Weight of the Dissolved Substance Solutions of Gases Solid Solu-

tions Solubility Diffusion Electrical Conductivity Constitution of Electrolytes and Metals
Thermal Expansion. Micrography. Microstructure The Micrographic Constituents of

Iron Relation between Micrographical Composition, Carbon-Content, and Thermal Treat-
ment of Iron Alloys The Microstructure of Slags. Chemical Composition of the Alloys
of Iron. Constituents of Iron Alloys Carbon Constituents of the Iron Alloys, Carbon

Opinions and Researches on Combined Carbon Opinions and Researches on Combined
Carbon Applying the Curves of Solution deduced from the Curves of Recalescence to the De-
termination of the Chemical Composition of the Carbon present in Iron Alloys The Constitu-

ents of Iron Iron The Constituents of Iron Alloys Manganese Remaining Constituents of

Iron Alloys A Silicon Gases. The Chemical Composition of Slag. Silicate Slags-
Calculating the Composition of Silicate Slags Phosphate Slags Oxide Slags Appendix-
Index.

EVAPORATING, CONDENSING AND COOLING AP-
PARATUS. Explanations, Formulae and Tables for Use
in Practice. By E. HAUSBRAND, Engineer. Translated by A. C.

WRIGHT, M.A. (Oxon.), B.Sc. (Lond.). With Twenty-one Illustra-

tions and Seventy-six Tables. 400 pp. Demy 8vo. Price 10s. 6d. net.

(Post free, lls. home; 11s. 6d. abroad.)
Contents.

^Coefficient of Transmission of Heat, k/, and the Mean Temperature Difference, /m

Parallel and Opposite Currents Apparatus for Heating with Direct Fire The Injection of

Saturated Steam Superheated Steam Evaporation by Means of Hot Liquids The Trans-
ference of Heat in General, and Transference by means of Saturated Steam in Particular

The Transference of Heat from Saturated Steam in Pipes (Coils) and Double Bottoms

Evaporation in a Vacuum The Multiple-effect Evaporator Multiple-effect Evaporators



From which Extra Steam is Taken The Weight of Water which must be Evaporated from
100 Kilos, of Liquor in order its Original Percentage of Dry Materials from 1-25 per cent
up to 20-70 per cent. The Relative Proportion of the Heating Surfaces in the Elements
of the Multiple Evaporator and their Actual Dimensions The Pressure Exerted by Currents
of Steam and Gas upon Floating Drops of Water The Motion of Floating Drops of Water
upon which Press Currents of Steam The Splashing of Evaporating Liquids The Diameter
of Pipes for Steam, Alcohol, Vapour and Air The Diameter of Water Pipes The Loss
of Heat from Apparatus and Pipes to the Surrounding Air, and Means for Preventing
the Loss Condensers Heating Liquids by Means of Steam The Cooling of Liquids
The Volumes to be Exhausted from Condensers by the Air-pumps A Few Remarks on Air-
pumps and the Vacua they Produce The Volumetric Efficiency of Air-pumps The Volumes
of Air which must be Exhausted from a Vessel in order to Reduce its Original Pressure to a
Certain Lower Pressure Index.

Sanitary Plumbing, Electric

Wiring, Metal Work, etc.
EXTERNAL PLUMBING WORK. A Treatise on Lead

Work for Roofs. By JOHN W. HART, R.P.C. 180 Illustrations. 272

pp. Demy 8vo. Second Edition Revised. Price 7s. 6d. net. (Post
free, 7s. lOd. home

; 8s. abroad.)

HINTS TO PLUMBERS ON JOINT WIPING, PIPE
BENDING AND LEAD BURNING. Third Edition,
Revised and Corrected. By JOHN W. HART, R.P.C. 184 Illustrations.
313 pp. Demy 8vo. Price 7s. 6d.net. (Post free, 8s. home; 8s. 6d.

abroad.)
Contents.

Pipe Bending Pipe Bending (continued) Pipe Bending (continued) Square Pipe
Bendings Half-circular Elbows Curved Bends on Square Pipe Bossed Bends Curved
Plinth Bends Rain-water Shoes on Square Pipe Curved and Angle Bends Square Pipe
Fixings Joint-wiping Substitutes for Wiped Joints Preparing Wiped Joints Joint Fixings
Plumbing Irons Joint Fixings Use of "Touch" in Soldering Underhand Joints Blown

and Copper Bit Joints Branch Joints Branch Joints (continued) Block Joints Block
Joints (continued) Block Fixings Astragal Joints Pipe Fixings Large Branch Joints

Large Underhand Joints Solders Autogenous Soldering or Lead Burning Index.

SANITARY PLUMBING AND DRAINAGE. By JOHN
W. HART. Demy 8vo. With 208 Illustrations. 250 pp. 1904. Price
7s. 6d. net. (Post free, 7s. lOd. home

;
8s. abroad.)

ELECTRIC WIRING AND FITTING FOR PLUMBERS
AND GASFITTERS. By SYDNEY F.WALKER, R.N., M.I.E.E.,
M.I. Min. E., A.M.Inst.C.E., etc., etc. Crown 8vo. 150 pp. With Illus-

trations and Tables. Price 5s. net. (Post free, 5s. 3d. home ; 5s. 6d.

abroad.)
Contents.

Chapter I., Electrical Terms Used. Pressure and Current The Volt Ampere-
Electrical Resistance Earth Continuous and Alternating Currents The Electric Circuit

Leakage Heating of Conductors Size and Forms of Conductors The Kilowatt Loss of
Pressure Arrangement of Conductors Looping In The Three Wire System Switches
Fuses Circuit Breakers. II., The Insulation of Wires, Their Protection, Fixing, etc.
Conductors Insulated with Paper and Similar Materials Sparking between Conductors
Diahte Insulation Flexible Cords Concentric Conductors Twin Conductors Three-Core

Cables Fireproof Insulation for Conductors Jointing T Joints Covering T Joints in Vul-
canized Rubber Cables. III., Fixing the Wiring and Cables. Laying Out the Route The
Protection of the Wires and Cables Wood Casing Metallic Conduits Non-Metallic Con
ductors Fixing the Conduits and Running Wires in Them Drawing Wires into Tubes To
Avoid Shock. IV., Lamps. The Incandescent Lamp Lamp Holders Lamp Fittings The
Nernst Lamp. V., Switches, Fuses, Distribution Boards, etc. The Electricity Meter-
Prepayment Meters.

THE PRINCIPLES AND PRACTICE OF DIPPING,
BURNISHING, LACQUERING AND BRONZING
BRASS WARE. By W. NORMAN BROWN. 35 pp. Crown
8vo. Price 2s. net. (Post free, 2s. 3d. home and abroad.)

THE HISTORY OF INCANDESCENT LAMPS. By G.
BASIL BARHAM, A M.I.E.E. Illustrated.

'

'In preparation.



A HANDBOOK ON JAPANNING AND ENAMELLING
FOR CYCLES, BEDSTEADS, TINWARE, ETC. By
WILLIAM NORMAN BROWN. 52 pp. and Illustrations. Crown 8vo.

Price 2s. net. (Post free, 2s. 3d. home and abroad.)

THE PRINCIPLES OF HOT WATER SUPPLY. By
JOHN W. HART, R.P.C. With 129 Illustrations. 177 pp.. demy 8vo.

Price 7s. 6d. net. (Post free, 7s. 10d. home ; 8s. abroad.)

House Decorating and Painting.
THREE HUNDRED SHADES AND HOW TO MIX

THEM. For Architects, Painters and Decorators. By A.

DESAINT, Artistic Interior Decorator of Paris. The book contains 100

folio Plates, measuring 12 in. by 7 in., each Plate containing specimens
of three artistic shades. These shades are all numbered, and their

composition and particulars for mixing are fully given at the beginning
of the book. Each Plate is interleaved with grease-proof paper, and
the volume is very artistically bound in art and linen with the Shield

of the Painters' Guild impressed on the cover in gold and silver. Price

21s. net. (Post free, 21s. 6d. home
;
22s. 6d. abroad.)

HOUSE DECORATING AND PAINTING. By W.
NORMAN BROWN. Eighty-eight Illustrations. 150 pp. Crown 8vo.

Price 3s. 6d. net. (Post free, 3s. 9d. home and abroad.)

A HISTORY OP DECORATIVE ART. By W. NORMAN
BROWN. Thirty-nine Illustrations. 96 pp. Crown 8vo. Price Is. net.

(Post free, Is. 3d. home and abroad.)

WORKSHOP WRINKLES for Decorators, Painters, Paper-
hangers and Others. ByW. N. BROWN. Crown 8vo. 128pp. Second
Edition. Price 2s. 6d. net. (Post free, 2s. 9d. home ;

2s. lOd. abroad.)

Brewing and Botanical.
HOPS IN THEIR BOTANICAL, AGRICULTURAL

AND TECHNICAL ASPECT, AND AS AN ARTICLE
OF COMMERCE. By EMMANUEL GROSS, Professor at

the Higher Agricultural College, Tetschen-Liebwerd. Translated

from the German. Seventy-eight Illustrations. 340 pp. Demy 8vo.

Price 10s. 6d. net. (Post free, 11s. home; 11s. 6d. abroad.)
Contents.

HISTORY OF THE HOP THE HOP PLANT Introductory The Roots The Stem
and Leaves Inflorescence and Flower : Inflorescence and Flower of the Male Hop ;

In-

florescence and Flower of the Female Hop The Fruit and its Glandular Structure : The
Fruit and Seed Propagation and Selection of the Hop Varieties of the Hop: (a) Red Hops;
(b) Green Hops ; (c) Pale Green Hops Classification according to the Period of Ripening :

Early August Hops; Medium Early Hops; Late Hops Injuries to Growth Leaves Turning
Yellow, Summer or Sunbrand, Cones Dropping Off, Honey Dew, Damage from Wind, Hail

and Rain ; Vegetable Enemies of the Hop: Animal Enemies of the Hop Beneficial Insects on

Hops CULTIVATION The Requirements of the Hop in Respect of Climate, Soil and

Situation ; Climate ; Soil : Situation Selection of Variety and Cuttings Planting a Hop
Garden: Drainage; Preparing the Ground; Marking-out for Planting ; Planting; Cultivation

and Cropping of the Hop Garden in the First Year Work to be Performed Annually in the

Hop Garden: Working the Ground; Cutting; The Non-cutting System; The Proper Per-

formance of the Operation of Cutting : Method of Cutting : Close Cutting, Ordinary Cutting,
The Long Cut, The Topping Cut; Proper Season for Cutting: Autumn Cutting, Spring

Cutting; Manuring; Training the Hop Plant: Poled Gardens, Frame Training; Principal

Types of Frames Pruning, Cropping, Topping, and Leaf Stripping the Hop Plant ; Picking,

Drying and Bagging Principal and Subsidiary Utilisation of Hops and Hop Gardens Life

of a Hop Garden ; Subsequent Cropping Cost of Production, Yield and Selling Prices.

Preservation and Storage Physical and Chemical Structure of the Hop Cone Judging
the Value of Hops.
Statistics of Prod uction The Hop Trade Index.



Wood Products, Timber and
Wood Waste.

WOOD PRODUCTS : DISTILLATES AND EXTRACTS.
By P. DUMESNY, Chemical Engineer, Expert before the Lyons Com-
mercial Tribunal, Member of the International Association of Leather

Chemists; and J. NOYER. Translated from the French by DONALD
GRANT. Royal 8vo. 320 pp. 103 Illustrations and Numerous Tables.

Price 10s. 6d. net. (Post free, 11s. home ; 11s. 6d. abroad.)
Contents.

Part I., Wood Distillation Principal Products from the Carbonisation of Wood-
Acetates Secondary Products of the Distillation of Wood Acetone Analysis of

Raw Materials and Finished Products Appendix The Destructive Distillation of Olive

Oil Residuals. Part II., Manufacture and Testing of Tan Wood Extracts and their
Utilisation in Modern Tanneries Plant and Equipment for Treating

1 Chestnut Wood
Analysis of Tanning Substances The Official Method of the International Association

of Leather Chemists, with Supplementary Notes.

TIMBER : A Comprehensive Study of Wood in all its Aspects
(Commercial and Botanical), showing the Different Applications and
Uses of Timber in Various Trades, etc. Translated from the French
of PAUL CHARPENTIER. Royal 8vo. 437 pp. 178 Illustrations. Price

12s. 6d. net. (Post free, 13s. home
;

14s. abroad.)
Contents.

Physical and Chemical Properties of Timber Composition of the Vegetable Bodies
Chief Elements M. Fremy's Researches Elementary Organs of Plants and especially of

Forests Different Parts of Wood Anatomically and Chemically Considered General Pro-

perties of Wood Description of the Different Kinds of Wood Principal Essences with
Caducous Leaves Coniferous Resinous Trees Division of the Useful Varieties of Timber
in the Different Countries of the Globe European Timber African Timber Asiatic
Timber American Timber Timber of Oceania Forests General Notes as to Forests ; their

Influence Opinions as to Sylviculture Improvement of Forests Unwooding and Rewooding
Preservation of Forests Exploitation of Forests Damage caused to Forests Different

Alterations The Preservation of Timber GeneralitiesCauses and Progress of De-
terioration History of Different Proposed Processes Dessication Superficial Carbonisation
of Timber Processes by Immersion Generalities as to Antiseptics Employed Injection
Processes in Closed Vessels The Boucherie System, Based upon the Displacement of the

Sap Processes for Making Timber Uninflammable Applications of Timber Generalities

Working Timber Paving Timber for Mines Railway Traverses Accessory Products
Gums Works of M. Fremy Resins Barks Tan Application of Cork The Application of

Wood to Art and Dyeing Different Applications of Wood Hard Wood Distillation of

Wood Pyroligneous Acid Oil of Wood Distillation of Resins Index.

THE UTILISATION OF WOOD WASTE. Translated from
the German of ERNST HUBBARD. Crown 8vo. 192 pp. Fifty Illustra-

tions. Price 5s. net. (Post free, 5s. 4d. home
;
5s. 6d. abroad.)

Building and Architecture.
THE PREVENTION OF DAMPNESS IN BUILDINGS;

with Remarks on the Causes, Nature and Effects of Saline, Efflores-

cences and Dry-rot, for Architects, Builders, Overseers, Plasterers,
Painters and House Owners. By ADOLF WILHELM KEIM. Translated
from the German of the second revised Edition by M. J. SALTER, F.I.C.,
F.C.S. Eight Coloured Plates and Thirteen Illustrations. Crown 8vo.

115 pp. Price 5s. net. (Post free, 5s. 3d. home; 5s. 4d. abroad.)

HANDBOOK OF TECHNICAL TERMS USED IN ARCHI-
TECTURE AND BUILDING, AND THEIR ALLIED
TRADES AND SUBJECTS. By AUGUSTINE C. PASSMORE,
Demy 8vo. 380 pp. Price 7s. 6d. net. (Post free, 8s. home

;
8s, 6d.

abroad.)



The Preserving of Foods and
Sweetmeats.

THE MANUFACTURE OP PRESERVED POODS AND
SWEETMEATS. By A. HAUSNER. With Twenty-eight
Illustrations. Translated from the German of the third enlarged
Edition. Crown 8vo. 225 pp. Price 7s. 6d. net. (Post free, 7s. 9d.

home; 7s. lOd. abroad.)
Contents.

The Manufacture of Conserves Introduction The Causes of the Putrefaction of Food
The Chemical Composition of Foods The Products of Decomposition The Causes of Fer-

mentation and Putrefaction Preservative Bodies The Various Methods of Preserving Food
The Preservation of Animal Food Preserving Meat by Means of Ice The Preservation

of Meat by Charcoal Preservation of Meat by Drying The Preservation of Meat by the
Exclusion of Air The Appert Method Preserving Flesh by Smoking Quick Smoking Pre-

serving Meat with Salt Quick Salting by Air Pressure Quick Salting by Liquid Pressure

Gamgee's Method of Preserving Meat The Preservation of Eggs Preservation of White
and Yolk of Egg Milk Preservation Condensed Milk The Preservation of Fat Manu-
facture of Soup Tablets Meat Biscuits Extract of Beef The Preservation of Vegetable
Foods in General Compressing Vegetables Preservation of Vegetables by Appert's Method
The Preservation of Fruit Preservation of Fruit by Storage The Preservation of Fruit

by Drying Drying Fruit by Artificial Heat Roasting Fruit The Preservation of Fruit with

Sugar Boiled Preserved Fruit The Preservation of Fruit in Spirit, Acetic Acid or Glycerine
Preservation of Fruit without Boiling Jam Manufacture The Manufacture of Fruit

Jellies The Making of Gelatine Jellies The Manufacture of " Sulzen " The Preservation of

Fermented Beverages The Manufacture of Candies Introduction The Manufacture of

Candied Fruit The Manufacture of Boiled Sugar and Caramel The Candying of Fruit

Caramelised Fruit The Manufacture of Sugar Sticks, or Barley Sugar Bonbon Making
Fruit Drops The Manufacture of Dragees The Machinery and Appliances used in Candy
Manufacture Dyeing Candies and Bonbons Essential Oils used in Candy Making Fruit

Essences The Manufacture of Filled Bonbons, Liqueur Bonbons and Stamped Lozenges
Recipes for Jams and Jellies Recipes for Bonbon Making Dragdes Appendix Index.

RECIPES FOR THE PRESERVING OF FRUIT, VEGE-
TABLES AND MEAT. By E. WAGNER. Translated
from the German. Crown 8vo. 125pp. With 14 Illustrations. Price
5s. net. (Post free, 5s. 3d. home; 5s. 4d. abroad.)

Contents.
Part I. Preserved Fruits. Green Almonds Gooseberries Strawberries Currants

Cherries Black Nuts White Nuts Apricots Greengages Pears Peaches Plums Figs
Melons Apples Chestnuts Angelica Pineapple. Canned Fruit. Gooseberries Cherries

Apricots Plums Rhubarb. Glazed and Candied Fruits. Glazing Fruit Candied
Fruit Blue Plums Glazed Chestnuts Glazed Pineapple Slices Crystallised Strawberries.

Marmalades, Jams and Fruit Juices. Strawberry Marmalade Cherry Marmalade-
Jams Fruit Jellies Raspberry Juice Cherry Juice Lemon Syrup Pineapple Juice. Fruit

Pulp for Ices. Citron Peel and Orange Peel. Part II. Preserved Vegetables.
Asparagus Peas Beans Carrots Spinach Artichokes Tomatoes Mixed Vegetables
Tinned Julienne Celery Mushrooms Truffles Pickled Gherkins Gherkins in Mustard
Mixed Pickles. Part 111. Preserved Meats. Veal Cutlets Fricondeau of Veal Calves
Head Bouillon Meat Ox Tongue Beet' a la Mode Roast Hare Roast Venison Mutton
and Cabbage Savoury Paste Beef Paste Foie Gras Paste.

FOODS AND DRUGS. Volume I., Chemistry and Analysis
of Foods and Drugs. Volume II., Law Relating to Foods and Drugs.
By E. J. PARRY, B.Sc. (Lond.). [In preparation.

Dyeing Fancy Goods.
THE ART OF DYEING AND STAINING MARBLE,

ARTIFICIAL STONE, BONE, HORN, IVORY AND
WOOD, AND OF IMITATING ALL SORTS OF
WOOD. A Practical Handbook for the Use of Joiners,

Turners, Manufacturers of Fancy Goods, Stick and Umbrella Makers,
Comb Makers, etc. Translated from the German of D. H. SOXHLET,
Technical Chemist. Crown 8vo. 168 pp. Price 5s net. Post free,

5s. 3d. home
;
5s. 4d. abroad.)



Celluloid.
CELLULOID : Its Raw Material, Manufacture, Properties and

Uses. A Handbook for Manufacturers of Celluloid and Celluloid

Articles, and all Industries using Celluloid ; also for Dentists and
Teeth Specialists. By Dr. Fr. BOCKMANN, Technical Chemist. Trans-
lated from the Third Revised German Edition. Crown 8vo. 120 pp.
With 49 Illustrations. Price 5s. net. (Post free, 5s. 3d. home

;
5s. 4d.

abroad.)
Contents.

Chapters I., Raw Materials for the Manufacture of Celluloid : Cellulose and Pyroxylin
Gun-cotton Properties of Gun-cotton Special Gun cottons for Celluloid Manufacture

Nitrating Centrifugalisers Collodion Wool Methods of Preparing Collodion Wool Cam-
phor Japanese (Formosa) Camphor, Ordinary Camphor Borneo Camphor (Borneo!),
Sumatra Camphor, Camphol, Baros Camphor) Properties of Camphor Artificial Camphor
Camphor Substitutes. II,, The Manufacture of Celluloid; Manufacturing Camphor by

the Aid of Heat and Pressure Manufacture of Celluloid by Dissolving Gun-cotton in an
Alcoholic Solution of Camphor Preparing Celluloid by the Cold Process Preparation with
an Ethereal Solution of Camphor Preparation with a Solution of Camphor and Wood
Spirit. III., The Employment of Pyroxylin for Artificial Silk : Denitrating
and Colouring Pyroxylin Uninflammable Celluloid Celluloid and Cork Composition
Incombustible Celluloid Substitute Xylonite or Fibrolithoid. IV., Properties of
Celluloid. V., Testing Celluloid. VI., Application and Treatment of Celluloid:
Caoutchouc Industry Making Celluloid Ornaments Working by the Cold Process

Working by the Warm Process Celluloid Combs Celluloid as a Basis for Artificial

Teeth Stained Celluloid Sheets as a Substitute for Glass Celluloid Printing Blocks
and Stamps Collapsible Seamless Vessels of Celluloid Making Celluloid Balls Celluloid

Posters Pressing Hollow Celluloid Articles Casting Celluloid Articles Method for Pro-

ducing Designs on Plates or Sheets of Celluloid, Xylonite, etc. Imitation Tortoiseshell
Metallic Incrustations Imitation Florentine Mosaic Celluloid Collars and Cuffs Phono-

graph Cylinder Composition Making Umbrella and Stick Handles of Celluloid Celluloid

Dolls Celluloid for Ships' Bottoms Celluloid Pens Colouring Finished Celluloid Articles-

Printing on Celluloid Employment of Celluloid (and Pyroxylin) in Lacquer Varnishes Index

Lithography, Printing and
Eng;raving.

PRACTICAL LITHOGRAPHY. By ALFRED SEYMOUR.
Demy 8vo. With Frontispiece and 33 Illus. 120 pp. Price 5s.

net. (Post free, 5s. 4d. home
;

5s. 6d. abroad.)
Contents.

Stones Transfer Inks Transfer Papers Transfer Printing Litho Press Press Work-
Machine Printing Colour Printing Substitutes for Lithographic Stones Tin Plate Printing
and Decoration Photo-Lithography.

PRINTERS' AND STATIONERS' READY RECKONER
AND COMPENDIUM. Compiled by VICTOR GRAHAM.
Crown 8vo. 112 pp. 1904. Price 3s. 6d. net. (Post free, 3s. 9d. home ;

3s. lOd. abroad.)
Contents.

Price of Paper per Sheet, Quire, Ream and Lb. Cost of 100 to 1000 Sheets at various
Sizes and Prices per Ream Cost of Cards Quantity Table Sizes and Weights of Paper,
Cards, etc. Notes on Account Books Discount Tables Sizes of spaces Leads to a Ib.

Dictionary Measure for Bookwork Correcting Proofs, etc.

ENGRAVING FOR ILLUSTRATION. HISTORICAL
AND PRACTICAL NOTES. By J. KIRKBRIDE. 72 pp.
Two Plates and 6 Illustrations. Crown 8vo. Price 2s. 6d. net. (Post
free, 2s. 9d. home; 2s. lOd. abroad.)

TINPLATE PRINTING. By ALFRED SEYMOUR. Crown 8vo.

[In preparation.

Bookbinding.
PRACTICAL BOOKBINDING. By PAUL ADAM. Translated

from the German. Crown 8vo. 180 pp. 127 Illustrations. Price 5s.

net. (Post free, 5s. 4d. home ; 5s. 6d. abroad.)



Sugar Refining.
THE TECHNOLOGY OF SUGAR : Practical Treatise on

the Modern Methods of Manufacture of Sugar from the Sugar Cane and
Sugar Beet. By JOHN GEDDES MC!NTOSH. Second Revised and
Enlarged Edition. DemySvo. Fully Illustrated. 436pp. Seventy-six
Tables. 1906. Price 10s. 6d. net. (Post free, 11s. home; 11s. 6d.

abroad.)
(See

"
Evaporating, Condensing, etc., Apparatus" p. 26.)

Libraries and Bibliography.
CLASSIFIED GUIDE TO TECHNICAL AND COM-

MERCIAL BOOKS. Compiled by EDGAR GREENWOOD.
Demy 8vo. 224 pp. 1904. Being a Subject-list of the Principal
British and American Books in print ; giving Title, Author, Size, Date,
Publisher and Price. Price 5s. net. (Post free, 5s. 4d. home

;
5s. 6d.

abroad.)

HANDBOOK TO THE TECHNICAL AND ART
SCHOOLS AND COLLEGES OF THE UNITED
KINGDOM. Containing particulars of nearly 1,000 Techni-
cal, Commercial and Art Schools throughout the United Kingdom.
With full particulars of the courses of instruction, names of principals,
secretaries, etc. Demy 8vo. 150 pp. Price 3s. 6d. net. (Post free,
3s. lOd. home

;
4s. abroad.)

THE LIBRARIES, MUSEUMS AND ART GALLERIES
YEAR BOOK, 1910-11. Being the Third Edition of Green-
wood's. "British Library Year Book". Edited by ALEX. J. PHILIP.

Demy 8vo. 286 pp. Price 5s. net. (Post free, 5s. 4d. home ; 5s. 6d.

abroad.) [Just published.
Contents.

Preface Introduction Chronological List of Adoptions of the Libraries Acts Public
Libraries Assessed for the Payment of Rates Special Collections of Books in Libraries,
Museums and Art Galleries Alphabetical Index to Librarians, Curators and Assistants
Architects who have Designed Public Libraries Libraries, Museums and Art Galleries in the
United Kingdom Women Librarians Occupying Chief Positions Women Assistants
Methods of Charging or of Issuing Books Classifications in Use Public Libraries Opening
on Sundays Public Libraries Opening on Bank Holidays Public Libraries in which Betting
News is Obliterated Public Libraries Publishing Magazines, Bulletins, etc.

THE PLUMBING] HEATING AND LIGHTING
ANNUAL FOR 1911. The Trade Reference Book for

Plumbers Sanitary, Heating and Lighting Engineers, Builders' Mer-

chants, Contractors and Architects. Quarto. Bound in cloth and gilt

lettered. (Published in December, 1910.) Price 3s. net. (Post free,

3s. 4d. home ; 3s. 8d. abroad.)

SCOTT, GREENWOOD & SON,
{Technical JBoofc an> GraDe Journal fwbltebers,

8 BROADWAY, LUDGATE HILL,
LONDON, E.G.

Telegraphic Address,
"
Printeries, London ". Telephone, Bank 3403.

January, 1911.
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