FRRE UL oy

SOAPS

A PRACTICAL MANUAL OF
THE MANUFACTURE OF DOMESTIC,
TOILET AND OTHER SOAPS

BY

GEORGE H.|HURST, F.CS.

MEMBER OF THE SOCIETY OF OHEMIOAL INDUSTRY ; HONOURS MEDALLIST OF THE CITY
AND GUILDS OF LONDON INSTITUTE

AUTHOR OF ‘‘ TEXTILE BOAPS AND OILS,”’ ‘‘ LUBRICATING OILS, FATS AND
GREASES,”’ ETO.

WITH SIXTY-SIX ILLUSTRATIONS

SECOND EDITION

LONDON

SCOTT, GREENWOOD & SON
“THE OIL AND COLOUR TRADES JOURNAL” OFFICES
8 BROADWAY, LUDGATE HILL, E.C.

CANADA : THE COPP CLARK CO. LTD., TORONTO
UNITED STATES: D. VAN NOSTRAND CO., NEW YORK

1907
[AU rights remain with Scott, Greenwood & Son]






First Edition . . 1898
Reprinted . . . November, 1907






THE ABERDEEN UNIVERSITY [PRESS LIMITED



IS



~N N

L

PREFACE.

THE substance of this book has already appeared
in the form of articles in the pages of The Oil and
Colour Trades Journal. These articles were received
with so much favour by the readers of that Journal
that it has been thought desirable to collect them
together and reprint them in book form. For this
purpose the articles have been thoroughly revised and .
new matter added to bring the subject up to date.
The author has not attempted to write a complete
treatise on Soap Manufacture, but has aimed at
presenting in a brief but, it is hoped, clear manner
the principal processes of soap manufacture, with an
account of the raw materials used and the scientific
principles which underlie the various operations.

The author here acknowledges his indebtedness
to several engineering firms for the loan of machinery
blocks wherewith to illustrate the chapter on Soap
Machinery.

GEORGE H. HURST.
CHEMICAL LABORATORY,

22 BLACKFRIARS STREET,
SALFORD, MANCHESTER.
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CHAPTER 1.
INTRODUCTORY.

SoaPr has been known from very early times, it is several
times referred to in the Bible, and is also referred to by some
of the ancient Greek writers: Aristophanes, who lived about
B.C. 434, and by Plato, who lived about B.c. 348. Pliny, who
died in A.D. 79, states that soap was first invented by the
Gaauls, and gives an account of its manufacture from alkali
and fat, the caustic alkali being produced from the ashes of
wood, and, he states, natural earths, by which it is presumed
lime i8 meant. The best soap was made from the fat of
goats and the ashes of beechwood, but it was also made
from other forms of fat and wood ashes. Pliny also gave
an account of the manufacture of lead soap and its use in
medicine. The remains of a soap factory have been found
among the ruins of Pompeii. The earlier Arabian alchemists
in their writings speak of soaps being used for detergent
purposes, and for personal application. It may be added that
prior to the invention of soap, and even up to the present
time, the ashes of wood, together with such earthy matters
as fuller’s earth, which appear to have detergent properties,
were largely used for washing and cleansing.

Up to about the fourteenth century the Spaniards and
Italians were the largest mallxers of soap. About the thir-
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teenth or fourteenth century soap-making was introduced
into France by the Phoceans, people of Egyptian origin who
established themselves at Marseilles, which from that time
has remained the seat of a very extensive soap trade, for it
has very many natural conveniences, the forests of Southern
France giving the needful wood ash, while the seaweed of
the sea yielded the barilla needful for the manufacture of
hard soap, lime for the causticising was readily obtained,
while the climate of Southern France favoured the growth of
the olive trees, from which the main ingredient, olive oil, of
the Marseilles soap was obtained. Being situated on the sea-
coast, Marseilles was able to import large supplies of olive
oil from Italy, and barilla from Spain.

It is somewhat uncertain when soap-making was first
introduced into England, but it would probably be about the
fourteenth century, and came to us from France, and the
"French method was long practised. The earliest Fnglish
patent relating to soap-making was granted in 1622, since
which time many have been issued. Until about the end of
the last century no improvements either in the process or
the materials were made, then Lieblanc introduced his process
of making soda from salt, and gradually the Leblanc soda
replaced the barilla soda in soap-making. The foundation
of modern invention in soap-making is largely based upon
the work of Chevreul on the chemistry of fats, and upon
this work, together with that of Lieblanc, the practical basis
upon which soap-making is to-day conducted has been

based.
NATURE OF SOAP.

As ordinarily understood soap is the product obtained by
boiling the various animal and vegetable fatty matters with
one or other of the caustic alkalies in a variety of ways, the

product being used for cleansing purposes of all kind. The
alkali reacts with the fatty matter and liberates from it the
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substance known as glycerine, while the alkali combines
with certain fatty bodies of an acid nature to form the
familiar article with which every one is acquainted, and the
appearance of which must be known to all persons. The
alkali soda is the one most commonly used, and yields what
are known as the hard soaps, while the alkali potash-yields
another kind of soap which is known as soft soap. As the
chemistry of soap-making is dealt with in detail in another
chapter, it is not needful to discuss it more fully here. It
may be pointed out that compounds of the fatty acids with
other bases than the alkalies, such as, for instance, lime, lead,
alumina, etc., are known, and some of them are of service in
various directions, but in common usage the term soap is
restricted to the soda and potash compounds already alluded
to.
ACTION OF SOAP.

That soap is of very material assistance in the removal of
dirt and grease from clothes and the bodies of persons has
long been known, but the manner in which it acts is not
equally well known, and probably depends upon a variety
of causes, some of which are of a physical nature, while
others are of a chemical nature. Many investigations have
been made by various persons as to the cleansing property.
Probably the simplest explanation would be that the soap
exerts an emulsifying action upon the greasy matters which
always accompany the dirt in clothes, etc., and enables it to
become diffused through the water with which the soap is
accompanied.

The alkali no doubt plays an important part in the deter-
gent action of soap, but that it is not all-important is proved
by the fact the pure alkali by itself has not the same cleans-
ing action, nor has the alkali which is present in the form of
silicate of soda or aluminate of soda the same action as the
alkali of soap.
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There is no doubt that water has some action upon soap :
when soap is boiled with a large quantity of water it dissolves
to a perfectly clear solution, but on cooling this becomes
more or less turbid. Another feature which must be noticed
is that there is an increase in the alkalinity of the soap when
it is dissolved in cold water; this can be shown by dissolving
a piece of soap in alcohol, adding a few drops of phenol-
phthalein solution and allowing the alkali solution to set
into a jar; on pouring water into the jar the soap gradually
becomes dissolved, and the solution acquires a reddish tint
showing the production of the free alkali.

Messrs. Wright and Thompson have conducted a series of
experiments upon this subject, the action of water upon
soap, and they have determined the amount of hydrolysis by
using various quantities of water ; their results are given in
the following table :—

Hydrolysis brought about by x Molecules
Mean of Water.
Soap made from Molecular
Weight.
x =160, x = 250| x = 500|x =1000{ x =2000|
Pure stearic acid. . 284 07 10 17 26 8-55
Nea.rly pure pahmnc
256 1-45 19 26 315 875
Crude lauric  acid !

(coconut oil) . . 195 875 45 54 l 645 71
Pure oleic acid 282 1-85 26 88 « 52 665
Crude ricinoleic acid 294 1:55 2-2 80 38 45
Chiefly stearic, palmi- !

tic and oleic acids !

(pa.lm-oll tallow

soap) 271 11 1-56 26 41 58
Chiefly tallow and rosin

(primrose) . 280 15 22 81 | 42 58

Cotton seed . . 250 2:25 30 50 ‘ 75 95

The figures in this table are the quantities in per cent. of
the alkali in the soap. It is to be noted that a tallow soap
i8 less hydrated than a palm-oil soap and much less than a
coconut-oil soap, while a cotton-oil soap is more hydrolysed
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than any other kind. The reaction which takes place may
perhaps be expressed in the following equations :— '

Sodium Stearate. Water.  Caustic Soda. Sodium Acid Stearate.
NaC,sHy,0,
2 NaCyHuxO, + H,0 = NaOH + HCypH,O,

Now it is evident that if this be the action of water upon
soap the alkali that is thus set free will have an action in
saponifying and emulsifying the grease with which it is
brought into contact, when used for washing purposes, and
therefore to enable it to be removed and washed away. In
some cases the small percentage of fatty acid which is set
free may assist the cleansing operation.

The relative hardness of a soap, with which may be com-
bined its solubility in water, is of very material importance
as regards its cleansing effects ; there is a considerable varia-
tion in regard to the hardness of a soap, and naturally the
harder the soap the smaller the quantity that will be rubbed
off it when it is used. A soap made from tallow is very
much harder than a soap made from olive or from coconut
oil, and it takes therefore more rubbing. Again the pro-
portion of water which may be left in a soap influences its
hardness; the average quantity of water in a well-made
sample of soap may be taken at 20 per cent., in a toilet soap
it may be as low as 13 to 15 per cent. In low-grade soaps
it may reach from 30 to 35 per cent.; the more water there
i8 present the softer they are and the more easily are they
rubbed away. Again soaps vary in their solubility in water;
thus, for instance, while the oleate of soda is soluble in 10
parts of water, the stearate of soda requires about 100 parts
of water for solution. This has a material influence on the
washing and lathering properties of a soap, also upon the
lasting properties ; soaps from olive oil and cotton-seed oil
lather better but are rather more wasteful than soaps made
from tallow and palm oil.



CHAPTER IL
SOAP-MAKERS ALKALIES.

IN the manufacture of soap two materials are required: (1)
the fat, (2) the alkali. The fat or fats which are used in
the preparation of soap will be described in the next chapter
in some detail. In this chapter will be discussed the alkalies,
for there is more than one that can be used, and the alkaline
salts used in soap-making.

‘Whenever a highly basic body like sodium hydroxide,
caustic soda NaOH, or potassium hydroxide, caustic potash
KOH, or calcium hydroxide, slaked lime CaH,0,, or even
lead oxide PbO, is boiled with a fat, the latter undergoes
what is called saponification ; that is, there is produced a
body which is known as soap, an article of great domestic
and commercial use, together with another body known as
glycerine. In the chapter dealing with the soap fats it is
shown that they are combinations of sundry acid bodies,
which are generally known as the fatty acids with the base,
glyceryl, or glycerine, or, as chemists prefer to call it, glycerol,
to show that as far as its chemical relations are concerned it
is allied to the alcohols. Taking, for instance, a typical oil,
olive oil, this is composed almost entirely of olein, which
is a combination of oleic acid, HC,3H;,0,, with glyceryl, C;H,.
The latter body is a tribasic compound, while oleic acid is
only a monobasic body, so that one chemical equivalent of
glyceryl requires three chemical equivalents to form olein ;
the latter, therefore, has the formula :—

CIﬁH&YO‘Z
CJHS { CINH.VIO‘.'

1L} .‘UOQ
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Similarly stearin, the characteristic constituent of tallow,
is a compound of stearic acid, HC,;H;0, and glyceryl.
Palmitin, the characteristic body in palm oil, contains pal-
mitic acid, HC,H;,0,, combined with glyceryl in like pro-
portions to those present in olein.

When these fats are boiled with the alkaline bodies named
above the glyceryl splits off and forms glycerol, while the
alkali combines with the fatty acid to form soap, as is shown
in the following chemical equations :—

C.HIC,H0, + SNaOH

SNaCyHz0, + C,H,(OH),

Olein Sodium Sodium o Glycerine
hydroxide (soa)
b,H.SCmH,O, + KOH = 3hC,,,H“0, + C,H,(OH),
Potassium Potassiuin 6 lycerine
9C,H3C,H,0, + SCa(OH), = 3Ca20 H,O0 20,8,(0m),
50Uty U, + 8 = 8 3, +
ml Calcium 2 c? e ‘ *
hydroxide pa.lmitnw

The soaps which are formed by the alkaline earths
(calcium, barium, strontium, and magnesium), lead, iron,
copper, and the metals generally, are insoluble in water;
those formed by the alkali metals (potassium, sodium,
lithium) are soluble in water, hence these only are used in
domestic and industrial work, although the fact that lime
and other metals will form insoluble soaps has been taken
advantage of for various useful purposes. The alkalies
sodium and potassium will therefore be dealt with here,
although a word or two will be said concerning lime and
magnesia.

The term alkali comes down to us from Arabic times:
its .meaning is really al kali, the salt, and it was used to
denominate a saline body often found in the hot Eastern
climes as an efflorescence on the soil, and more especially
in the neighbourhood of stables and the drainage of rubbish
heaps. This alkali was of a very crude composition and
varied somewhat in its composition according to its source ;
the property which gave it value was that of forming an
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emulsion with oil, and this emulsion had stronger cleansing
powers than either the oil or the alkali. There is no doubt
that this property was due to the alkali containing appreci-
able quantities of the carbonate and caustic forms of the
alkali proper. As course of time went on it was found out
that a similar body was obtained by the combustion of wood,
which was found to leave a white ash on burning, this ash
possessing stronger alkaline properties than the original
alkali.

These gradually usurped the name to themselves. Then
it was ascertained that seaweeds also left ashes of an alkaline
character on combustion, which are found to be different in
their actions on oils than the ashes from wood, the soap they
made being harder in character than that made by wood ashes,
consequently two kinds of alkali came to be recognised—
marine alkali from seaweeds, vegetable alkali from trees;
and, moreover, the soap-makers began to produce two kinds
of soap—hard soap from the first-mentioned alkali, soft soap
from the vegetable alkali. Then the fact that by treatment
with burnt lime these alkaline bodies could be converted
into stronger bodies, the caustic alkalies, came to be found
out, and that these had more action on the fats was also
recognised and made use of in soap-making. Then finally
came the discovery by Sir Humphrey Davy that the alkalies
were compounds of two peculiar metallic bodies, one of which
he named sodium, the other potassium. Of these metals it
will be sufficient to say that sodium has since become of some
industrial importance; they are soft metals, considerably
lighter than water, on which they float. When fresh they
have a silver-white appearance, but soon become oxidised on
exposure to the air, becoming coated with a film of oxide;
on water they have an energetic action. Sodium floats with
a hissing sound, and causes the evolution of hydrogen, while
caustic soda, sodium hydroxide, remains in solution. Po-
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tassium has rather more energetic action, and the hydrogen
which is liberated is set on fire, and burns owing to the
great amount of energy which is developed, while caustic
potash remains in solution. The following equations repre-
sent the action of these two metals on water:—

Na + HO = NaOH + H

sodium water sodium hydrogen
hydroxide
E + HO = KOH + H
potassium tassium
ydroxide

The alkaline compounds which are of most interest to the
soap-maker are the two named above as the result of the
action of the metals on water, viz., sodium hydroxide or
caustic soda, which has the chemical formula NaOH, and
potassium hydroxide, or caustic potash, the chemical forumla
of which is KOH, as these alone are capable of acting upon
and forming with fats the various commercial forms of soap.
Besides these the carbonates of the same metals, sodium
carbonate, or as it is'better known soda, Na,CO,, and potas-
sium carbonate, or potash, K,CO,, also merit attention as
being the original forms of the alkali from which the caustic
forms are manufactured.

‘While it is only the caustic alkalies which have the pro-
perty of saponifying fats, as has been pointed out above, yet
both the caustic and carbonate alkalies will act upon and
combine with the fatty acids to form soaps; in the former
case soap and water are the only products formed, while in
the latter carbonic-acid gas is evolved at the same time. The
manufacture of soda is now one of the greatest chemical
industries known, many millions of money being invested in
the alkali manufacture which is carried on with great energy
and skill in Great Britain.

SODA.

Of the two alkalies used in soap-making, soda occupies
the first place, the two forms, carbonate Na,CO; and caustic
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NaOH, being those used in soap-making, and these will now
be considered.

The compound which is universally understood whenever
the term ‘“soda” is used, is the carbonate of the metal
sodium, whose chemical formula has just been given. It is
virtually & compound of the dioxide of carbon or carbonic
acid gas with the oxide of metal sodium. It comes into
commerce in five forms :—

Soda ash, a more or less pure anhydrous carbonate.

Refined alkali, almost, if not quite, pure anhydrous car-
bonate ; this form is that generally known on the continent
as calcined soda.

Soda crystals, known as sal soda in America ; this is in
the form of large crystals, and contains 10 molecules of water
of crystallisation ; it has the formula Na,CO;10H,0.

Crystal carbonate or crystal soda ; this is in the form of
small crystals, and contains one molecule of water of crystalli-
sation ; it has the formula Na,CO;H,0.

The bicarbonate, the form mostly used in ordinary culin-
ary work and medicine; it has the formula NaHCOjy

The raw material for the manufacture of the different
forms of carbonate of soda is salt, the chloride of sodium
having the formula NaCl, although before the time of Le-
blanc seaweeds constituted the source from whence it was
made.

There are two chief processes whereby soda is made from
salt, that known as the Leblanc process, and that known as
the ammonia-soda process, the latter being the one which
bids fair to be the chief process of the future. It is not
intended here to enter into a minute account of the details
of the manufacture, because, as a rule, soap-makers do not
make their own alkali, and are not thereby interested in the
details. A brief account of the various processes of manu-
facture will be given.
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The Leblanc soda process was invented by Nicholas
Leblanc in the latter part of the last century, during the
time of the first French Revolution, which if it did nothing
else, gave the Leblanc soda process to the world. It is due
to English enterprise and chemical skill that the process has
attained the perfection it has, although in the main principles
it is just the same as when Leblanc first described it.

The process of making soda by this method takes place
in several stages. In the first place, salt is mixed with
sulphuric acid in iron pans, when there is evolved large
quantities of hydrochloric-acid gas. In the early days of
alkali-making this gas was sent into the atmosphere, much
to the detriment of the vegetation of the surrounding dis-
tricts ; but now it is absorbed by passing the gasses up large
towers, down which a current of water is continually passing.
The acid gas is very soluble in water, and almost if not
quite all of it is taken up by the water to form what is
ccmmonly known as ‘‘tower salts,” the commercial form
of hydrochloric acid. Besides the hydrochloric acid, there
is formed sodium sulphate, or as it is known ‘salt cake .
The equation representing the change is :—

2NaCl + O, = Na,SO, + 2HCI
Sodium  Sulphuric Sod“um Hydrochloric
chloride acid sulphate acid

This stage of the process is known as the “salt cake”
Pprocess.

The next stage of the process is a more complicated one.
The salt cake from the last operation is now mixed with a
certain proportion of ground coal and limestone, and heated
to a red heat in what is known as the black-ash furnace;
here it is well worked about by rabbling until all chemical
action has ceased, the product forming what are called balls
of black ash. It owes its name, ‘‘ black ash,” to the fact that
in the early days of the industry it was black, but now as a
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rule it is of a brownish-grey colour; nevertheless the name
isretained. The form of furnace formerly used is that known
as the reverberatory furnace, the working being done by hand,
and is a very laborious piece of work, but now revolving fur-
naces are used, worked mechanically, thus doing away with
hand labour.

The chemical reactions which go on in the black-ash
furnace are probably of rather a complicated description, but
briefly they may be considered to proceed upon the following
lines: the sodium sulphate and the carbon of the coal
react with one another resulting in the formation of sodium
sulphide and carbon monoxide. The sodium sulphide thus
formed reacts with the calcium carbonate with the formation
of sodium carbonate and calcium sulphide. Although these
are the main reactions which occur, yet there are some sub-
sidiary reactions going on, so that black ash is a complex
mixture of compounds. '

The process is shown in the form of an equation as:—

NaSO, + 4C + CaCO; = Na,CO, + 4CO + CaS
Sodium Carbon Calcium Sodium Carbon Calcium
sulphate carbonate  carbonate  monoxide sulphide

as well as a simple equation can do.
Black ash contains both soluble and insoluble constituents,
and the following is a complete analysis of a sample :—

ANALYSIS OF BLACK ASH.

Noluble constituents

Sodium carbonate, Na,CO; . . . . . 28-144 per cent.
Sodium oxide, Na,0 . . . . . 5860 "
Sodium chloride, NaCl . . . . . 2'808 "
Sodium sulphate, Na,SO, . . . . . *192 "
Sodium sulphite, Na,SO, . . . . . ‘151 »
Sodium thiosulphate, Na,S,0, . . . . *189 "
Sodium sulphide, Na,S . . . . . *858 "
Sodium aluminate, Na,ALO, . . . . . ‘844 "
Sodium silicate, Na,SiO, . . . . . 1026 »
Sodium cyanide, NaCN . . . . . .186 "

Sodium sulphocyanide, NaSCN . . . . 074
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Insoluble constituents.

Calcium sulphide, CaS . . . . . . 29504 per cent.
Calcium carbonate, CaCO, . . . . . 12:657 .
Calcium oxide, CaO . . . . . . 10048 v
Ferrous sulphide, FeS . . . . . . 554 .
Alumina, ALO, . . . . . . . 172 »
Sil.ca, SiO, . . . . . . . . 1095 "
Magnesia, MgO . . . . . . . +266 "
Sodium oxide, Nu,O . . . . . . *844 "
Carbon . . . . . . . . 4268 ”
Sand . . . . . . . . '1-287 v

The next operation consists in the extraction by a process
of lixiviation with water of the soluble constituents. This
18 done by an ingenious arrangement of vats whereby all the
soluble portion is completely extracted without much difficulty,
weak liquors from previous batches being used at first and
fresh water for final treatments. The insoluble portion goes
to form what is called vat waste, which used to be at one time
the béte noir of the alkali-maker, but comparatively recently
a process has been invented whereby the sulphur it contains,
and this is the valuable constituent of it, is recovered and
used for making sulphuric acid.

As might be expected from the analysis of black ash
which is given, the liquor which is known as black-ash
liquor has a complex composition. It usually has a specific
gravity of 1:26 to 1:29 (52° to 58° Tw.), and contains :—

Sodium carbonate, Na,CO, . . . . 6891 per cent.
Sodium hydroxide, NaOH . . . . . 14-43 '
Sodium sulphide, Na,S . . . . . . 181 .
Sodium sulphite, Na;80O, . . . . .22
Sodium thiosulphate, Na 8,0, . . . . trace
Sodium sulphate, Na,SO, . . . . .72,
Sodium chloride, NaCl . . . . . . 897 "
Sodium silicate, Na,SiO, . . . . . 108 .
Sodium alaminate, NagALO, . . 1-02 o

with traces of sodium cyanide, sodlum ferrocy&nlde, sodium
sulphocyanide, alumina, silica, ferrous sulphide.

The weak tank liquors have a similar composition, and
usually contain about 14 parts per 1000 of solid matter.

The tank liquor is run into settling tanks to allow any
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alumina, silica, etc., to settle out. It is then run down a
tower through which carbonic-acid gas and air are passing.
This brings about certain changes, resulting in the increase
of the amount of carbonate the liquor contains. This it does
by the carbonic acid acting on the caustic soda, sodium
sulphite and thiosulphate, and converting them into carbon-
ate. Then, at the same time, a certain amount of oxidation
occurs ; the iron, sulphur, sulphocyanides, cyanides, sulphites
and similar salts are oxidised. Some of them are then able
to form insoluble bodies which settle out on the liquor being
subsequently allowed to settle in tanks.

The next operation is called salting down. The liquor is
placed in shallow tanks, usually in the flue of the furnaces, so
a8 to make use of the waste heat which passes away from
them. The water gradually evaporates away ; the salts it con-
tains crystallise, and are fished out by means of perforated
iron ladles. Next the salts are mixed with a small amount
of sawdust and furnaced when they are more completely
converted into carbonate. The product is soda ash. Of this
there are two forms, one known as caustic-soda ash, because
it contains a small quantity of caustic soda. The other is
known as carbonate ash; it is not quite pure sodium car-
bonate, but contains variable quantities of caustic, sodium
chloride, sodium sulphate, etc. It is sold of varying degrees
of strength known as 48 per cent., 50 per cent., 52 per cent.,
up to 58 per cent., which is the strongest inade. These
figures refer to the proportion of sodium oxide the ash may
contain in the form of either caustic or carbonate. It is some-
times known as the available alkali, to distinguish it from
that which is also present in the formn of sulphate, chloride,
etc., which is not available or useful for any of the purposes
to which soda ash is put.

The following analyses are of a 48 per cent ash and of
a 58 per cent. ash :—
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Sodium carbonate, Na,CO, . . . 6064 p.c. 9872 p.c.
Sodium sulphate, Na,SO, . . . 485 ,, 20 ,,

Sodium hydroxide, NaOH . . . 1-29 ,,

Sodium chloride, NaCl . . . . 2834 ,, 54,

Calcium carbonate, CaCO, . . . traces 13,

Magnesium carbonate, MgCO, . . ‘04 ,,

Iron oxide, Fe,0; . . . . 04,

Alumina, ALO, . . . . . 112 ‘01

Silica, SiO, . . . . . . 09 ,,

Moisture, H,O . . . . . 436 ,, ‘19 ,,

The great difference in the relative purity of the two
samples of ash is seen from these two analyses, for while
there is a fairly large number of impurities in the 58 per
cent. ash, yet they are only present in very small amounts
which can have no practical influence on the using of
the ash; whereas in the 48 per cent. ash these impurities
being in much larger amount- cannot fail to exert some in-
fluence.

‘What is know as refined alkali is made from soda ash of
good quality by dissolving in water, allowing any insoluble
matter to settle out, then boiling down, fishing out the
crystal, which come out first, as these consist chiefly of the
sulphate and chloride, then boiling down quite dry.

Soda crystals are the crystallised form, containing 10 mole-
cules of water of crystallisation in it. This is therefore
sometimes known as the decacarbonate or decahydrate to
distinguish it from the other crystalline form, which is de-
scribed below. Soda crystals are made by dissolving soda
ash in water, allowing any insoluble impurities to settle out,
then evaporating the solution down until it has a strength
of 56° Tw., when it is placed in tanks to crystallise out,
which it does in large, transparent, prismatic crystals.

These are drained from the mother liquor, dried or
packed into bags or kegs for sale. These crystals keep very
well, but are slightly efflorescent, that is, they tend to lose
their water of crystallisation and become dry and powdery.
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This is the most familiar form of soda, as it is in this form
that it makes its appearance in our households for washing
and domestic scouring.

It is this form of soda which is used in making dry soaps,
for which purpose advantage is often taken of the fact that
when heated soda crystals will melt into a liquid which when
it cools will set into a brittle crystalline solid mass. Gener-
ally soda crystals, or sal soda as the Americans call it, is
fairly pure, but it contains traces of other sodium compounds,
as will be seen from the following analysis of a sample :—

ANALYSIS OF SODA CRYSTALS.

Sodium carbonate, Na,CO, . . . . . 8422 per cent.
Sodium hydroxide, NaOH . . . . . ‘10
Sodium sulphate, Na,SO; . . S
Sodium chloride, NaCl . . . . . . 27,
Water, H;O . . . . . . . 6284,
Insoluble matter . . : . . . . ‘08

From which it will be seen that water is the principal
constituent of soda crystals. The impurities which are
present are usually accidental and cannot always be avoided,
but it is not an uncommon circumstance to crystallise some
sodium sulphate along with the crystals, as these tend to
make the crystals harder, and, therefore, better able to resist
handling without breaking.

The other process of making carbonate of soda from salt
is that known as the ammonia-soda process, and which is
worked in this country on an extensive scale by Brunner,
Mond & Co., Litd., of Northwich, the United Alkali Co., Litd.,
at Middlewich, and by other firms.

The principle of this process has long been known. It
consists in that when carbonic-acid gas is passed into a
strong salt solution made alkaline with ammonia, carbonate
of soda is formed and precipitates out, being insoluble in the
alkaline liquors, while ammonia chloride remains in solution.
Although so well known, many difficulties are met with in
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working the process on a large scale, and there are but few
of the many plants devised to take advantage of the principle
involved that have been at all successful. The most so is
that of Solvay, which is the one in operation at all the
principal ammonia-soda works in this country.

The product obtained at first is the bicarbonate of soda;
as is indicated in the equation :—

H,0 + NH, + CO, + NaCl = NaHCO, + NH,CI

This bicarbonate is precipitated out, then heated in a fur-
nace, when it is converted into the normal carbonate, which
is then sent into commerce as soda ash. The product obtain-
ed by the ammonia-soda process is remarkable for its purity,
as the following analysis will show :—

Carbonate of soda . . . . . . . 990 percent.
Sodium chloride . . . . . . . 018 "
Silica . . . . . . . . o . - 010 '
Lime . . . . . . . . . . . 018 .
Magnesia . . . . . . . . . 0-06 ”»
Alumina and iron . . . . . . . 008 "
Moisture . . . . . . . . . 016

From this raw material refined alkali is made by dissolving
in water, clarifying the solution and evaporating down, while
the other forms of carbonate, monohydrate and decahydrate
crystals, are obtained by solution and crystallising in the usual
way.

The ammonia soda has the advantage over the Leblanc
soda of being purer and therefore stronger.

As regards the properties of the carbonate of soda, some
idea will have been gathered from what has been said above.
It will be sufficient to say that it is fairly easily soluble in
water, the solubility increasing with increase of temperature ;
thus water at 0° C. will dissolve at 697 per cent. of the
anhydrous carbonate, or 21'33 per cent. of the crystallised
carbonate, and at 30° C. 37-24 per cent. of dry carbonate and
273°64 per cent. of soda crysta.és will be dissolved.
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Sodium carbonate possesses slightly alkaline properties ;
it will react with all acids, producing the corresponding
sodium salt with the evolution of carbonic-acid gas: thus it
may be used in the preparation of soaps from the free fatty
acids, although the evolution of gaseous carbonic-acid gas is
a disadvantage, because it causes the soap to fob badly in the
process. It cannot be used to make soap from the oils and
fats, because carbonic acid, being weaker than the fatty acid
in the oils, has no power to liberate those acids from their
combinations with glycerine, with which they are combined
in the various oils and fats.

CAUSTIC SODA.

Caustic soda, or sodium hydroxide, NaOH, is the soap-
maker's alkali par excellence. In the early days of the
alkali manufacture caustic soda was not an article of com-
merce, and every soap-maker had to causticise his own
alkali, making it from the soda ash of that time; but the
alkali-maker soon began to make caustic soda as an article
of commerce, and the process has now become so perfected
that caustic soda can be bought as a commercial article
almost chemically pure, at all events containing something
like 99°5 per cent. of the pure chemical.

On the large scale caustic soda is obtained either from
the finished soda ash—this is not often done by the caustic-
maker, but it is what the soap-maker does if he makes his
own caustic—or from the liquor obtained in lixiviation of the
black-ash balls, or from the red liquors. The latter yields
what is known as ‘‘cream caustic,” because it has a pale
cream colour ; it contains a good many impurities. Whatever
may be the source of the alkali, the causticising operation is
the same in each case. A liquor is made, if from the re-
fined soda ash, by simply dissolving in water to a strength of
from 20° to 22° Tw. ; some makers use the liquor weaker than
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this, from 14° to 15° Tw., but there is no material advantage
in so doing; the operation can be done with as much ease
with 22° Tw. liquors as with 14° Tw. liquors, and it is much
cheaper to boil down the strong liquors than it is the weak
liquors ; on the other hand it is not advisable to use liquors
much if any stronger than 22° Tw., as then the causticising
does not go on so well.

The liquors made from the black-ash balls are allowed
to settle to get all insoluble matter out of them, and this must
be done thoroughly ; it is best to blow air through them first
80 as to oxidise some of the impurities contained in the mass
whereby they are thrown out in an insoluble form.

The red liquors are used in the form in which they are
obtained in the first instance.

The causticising can be carried out in almost any kind
of convenient apparatus; some makers use old boilers set
on end for the operation. The liquors are heated by steam
to nearly the boil, then an iron cage filled with quick-lime of
good quality is lowered in, the steaming is carred on until a
portion of the liquor taken out, filtered and treated with a
little dilute hydrochloric acid shows no trace of effervescence.
The reaction which goes on is shown in the following
equation :—

CaH;0, + NaCO, = 2NaOH + CaCO,
Calcium ium Sodium Calcium
hydroxide carbonate hydroxide carbonate

It takes about an hour and a half to causticise a batch of
soda liquor.

During the process of causticising many impurities in
the soda liquors become altered and are thrown out in an
insoluble form, thus any sulphide of sodium is oxidised to
sulphate and this reacting with the lime forms sulphate of
lime, which passes into the insoluble residue which is formed ;
any aluminate and silicate is similarly decomposed and in-
soluble alumina and silica thrown down.
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When the causticising operation is completed, the calcium
carbonate and insoluble impurities are allowed to settle out,
and the clear caustic liquors are run into boiling pots to be
boiled down to the solidifying point. The lime mud is not
thrown away, but some fresh tank liquor is run in, and a
new causticising operation carried out. The lime mud from
this is treated with water and allowed to settle out. The
liquors contain some alkali, and are used for dissolving some
fresh balls, finally the lime is filtered from any liquor, and
used in the black-ash furnaces.

The caustic liquors are first boiled down in wrought-iron
pans or pots to a strength of about 34° Tw., then they are
run into cast-iron pans, where the concentration is continued
until a strength of from 70° to 80° Tw. is obtained. From
these, after allowing any insoluble matter to settle out, the
liquor i8 run into a cast-iron pot, in which it is cong¢entrated
down. When nearly finished, some nitre is added to oxidise
any impurities, and so ensure their removal from the caustic.
When nearly finished, the contents of the pot are tested
for their alkalinity, and the working so arranged as to
make the finished caustic of the required degree of
strength.

The finished caustic is then run into wrought-iron drums
in which it is allowed to solidify, and in which it is sold.

Commercial caustic soda is a creamy or white mass, hav-
ing a slightly fibrous structure. It is very hygroscopic,
readily absorbing water from the air and passing into a
highly caustic liquor. It also readily absorbs carbonic acid
from the air, passing into carbonate, so that it is not desir-
able that caustic soda should be exposed too much to the air.

It is sold as cream 60 per cent. caustic, white 60 per
cent., 64 per cent., 74 per cent., and 77 per cent. These
figures refer to the proportion of sodium oxide, Na,O, con-
tained in the caustic, irrespective of it being in the form of
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caustic or carbonate. The actual composition of various

brands of caustic is shown in the following analyses :—

Cream  White White White
60 per 60 per 70 per 74 per 77 pe

cent. cent. cent. cent. cent.
Sodium hydroxide . . 750 780 840 960 99-34
Sodium carbonate . . 81 15 42 0-2 —
Sodium chloride . . 68 19-0 60 13 21
Sodium sulphate . . 15 55 51 15 10
Sodium silicate . .21 08 08 01 ‘05
Sodium aluminate . . 08 trace trace 32 80
Sodium sulphite . . 15
Insoluble . . . . 02
Water . . . . . 90

These may be taken to be fairly representative analyses
of the various grades of caustic, from which it will be seen
that the lower grades contain a large proportion of impurities.
These have a material effect in soap-making. They pass
into the lyes, being all soluble in water, and act by retarding
the saponification of the oils and fats. This they do in
virtue of soap being insoluble in solutions of alkaline salts,
and so they tend to throw the soap out of solution as fast as
it is formed, and this is just the opposite of what the soap-
maker requires. To ensure perfect and rapid saponification,
it is necessary that the soap as it is formed by the combina-
tion of the fat and alkali should pass into solution. It is
therefore desirable to use as good a caustic soda as possible,
and consequently better to purchase a 74 per cent. caustic than
a 70 per cent., while in no case should a weaker caustic than
70 per cent. be used, although the writer knows that such is
done by some soap-makers. The 77 per cent. caustic is not
considered to make good soap by some soap-makers. The
weaker caustics contain a variable proportion of carbonate,
due to imperfect causticising. This carbonate has very little
action, if any, in saponifying fats and oils, but it helps the
other impurities in retarding the formation of soap. This
effect of alkaline carbonates and salts will be discussed in
full in another place in these pages.
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It used to be the custom at one time for soap-makers to
make their own caustic from soda ash, and many do so now,
arguing that it is more economical for them to make their
own than to buy it in the solid form, while the soap-maker
has also to bear the expense of the labour attending its being
dissolved into lye again. There can scarcely be any doubt
that for a soap-maker to make his own caustic is cheaper
than to buy it ready-made; on the other hand, and this is a
consideration which weighs with some soap-makers, home-
made caustic liquors are apt to be defective, either by con-
taining undecomposed carbonate or by containing traces of
lime which has been used in excess; then the residual lime
carbonate sludge which is obtained is a source of anxiety
and trouble to the soap-maker, who would often be at a loss
how to get rid of it, while the caustic-maker can use it up
again in some other branch of his business. It may, how-
ever, be worth while to describe the method somewhat in
detail by means of which the soap-maker may, if he chooses,
make his own caustic, and this description will apply equally
well for either caustic soda or caustic potash.

First Method : Cold Process.—An iron tank is provided
which may be made out of an old steam-boiler. On the
bottom of this is placed a layer of 5 cwt. of fresh quick-
lime, and on this is poured sufficient water to slake it. Six
cwt. of good soda ash are then evenly spread over the layer
of lime. Above the soda is placed another layer of quick-
lime, and above this again another layer of soda. Waiter is
now poured on, or weak lye from a previous treatment may
be used, and the mass is allowed to stand for fifteen to sixteen
hours, when all the lye which has been formed is run off from
the bottom ; this is generally known as first runnings. More
water is now run on to the materials in the tank and again
allowed to work for fifteen to sixteen hours, after which the lye
is again run off, constituting second runnings; these will be
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weaker than the first. Afterwanis s jua-Tiv f fresh watex
is run in, and after allowing it 1 siand 1h: Z3sor s run
off. This liquor is too weak to use for scap-maicing. and 1s
used in place of water in making a rew taich of Ive. The
residue in the tank is now thrown away. This method i
rather faulty in many respects: the Ive 15 apt 15 comtain
either unchanged carbonate of soda or som:= hme. and it is
difficult to remedy these defects. The next process :s pre-
ferable.

Second Method : Boiling Proesa:s—As before. an iron
tank is provided, which in this case is fitted with an open
steam-pipe which is used to suppiy the necessary heat
Besides this, tanks are required for slaking the quick-lime
and dissolving the alkali. Five cwt of good soda ash are
dissolved in 50 cwt. of water; 2} cwt. of good quick-lime
are slaked by adding sufficient water. When these matenals
are ready they are transferred to the boiling tank and heated
by a current of steam for some hours, say from four to five.
To see whether the operation has been properly done a
small portion is taken out of the boiler, and the lime it con-
tains allowed to settle out; to the clear liquor is added a
little litmus, or better, methyl orange, and then sufficient
hydrochloric acid to turn the colour red. Should no effer-
vescence take place the operation has been properly done.
and there is no carbonate present. Should there be effer-
vescence, then sufficient lime has not been added in the
first instance, and more should now be put in and the mix-
ture again boiled for two hours, after which the settled lye
can be again tested to see that no carbonate remains un-
changed. The lye should also be tested for lime, which is
done by taking a small portion of the clear lye and adding
a solution of soda ash, when, if any lime be present, a white
precipitate will fall down. In this event happening more
soda ash should be added to the contents of the boiler. and
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the mass again boiled up. 'When the tests have shown that
the lye does not contain either undecomposed carbonate of
soda or lime, the mass is allowed to stand for the carbonate
of lime which has been formed in the process to settle out.
The clear liquor is drawn off into the lye tanks. The lime
residue is then stirred up with clean water, and again allowed
to settle. The clear liquor is drawn off and used for dissolv-
ing up fresh soda ash, while the lime mud is thrown away.
Third Method : Strunz Lye Apparatus.—Mr. S. M.
Strunz has invented a very convenient form of apparatus
for making caustic lye, which is shown in the accompany-

F16. 1.—Caustic Lye Apparatus.

ing drawing (fig. 1). Strunz’s lye apparatus consists of two
portions, one for making the caustic lye, the other for fil-
tering the lime from the lye. In the top vessel, which is
made boiler shape and provided with an open steam-pipe, are
placed 800 Ib. of soda ash. In the upper portion is a per-
forated iron plate on which lumps of quick-lime are placed.
The boiler is now filled with water and steam turned on.
The lime gradually slakes and dissolves, and passing down-
wards causticises the soda lye in the lower portion of the
boiler. About 650 lb. of lime are stated to be required.
After a few hours’ boiling, the mass in the boiler is allowed
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to settle ; the clear solution of caustic soda is allowed to run
out of the pipe, which is arranged at the side of the boiler for
that purpose, into the lye store-tank. The residual lime,
still containing some unseparated lye, is run into the lye ap-
paratus below. This consists of a filtering material placed
between perforated iron plates; the lye drains through them
into the lye store-tank. The lime mud or refuse is thrown
away. From the quantities of material given above it is
possible to produce a solution of caustic-soda lye 25° Tw.
strong, such as would be made from 600 lb. of 77 per cent.
caustic soda.

It is not possible to make lyes of greater strength than
25° Tw., because the lime will not properly causticise such
strong soda-ash liquors as must be used to make strong
caustic lyes. '

It should be borne in mind that the quality of caustic
lyes made by any one of these processes is not only depend-
ent upon the care with which the operation is carried out in
the directions of ensuring perfect causticisation of the alkali
used, but in preventing any excess of lime finding its way
into the alkali lye which is made, but also on the quality of
the soda ash used; the better the quality of this the purer
will be the caustic made, inasmuch as the soluble impuri- -
ties, salt, sulphate of soda, which are present in the low grades
of soda ash, will find their way to a greater or less extent
into the caustic lye which is made, although some of the
sulphate which may be present in low-grade soda ashes will
be causticised to some extent, but any chloride will not be
affected in any way.

The commercial caustic soda is usually supplied in large
drums, which require to be broken open before the caustic
they contain can be dissolved. This caustic is dissolved in
iron tanks with a suitable quantity of water; although there
is not much difficulty in doing so, still there are a right and
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a wrong'way of doing even this simple operation. The wrong
way i8 to open the drums and throw the caustic to the bot-
tom of the lye tank. Here it will become slightly acted upon
by the water, and a strong lye will be formed, which will
remain in contact with the solid caustic, and, becoming satur-
ated, will prevent further solution; then again, the caustic
will tend to set into a solid mass, which is difficult to deal
with when at the bottom of a tank. The right way is to
suspend the solid caustic at the top of the tank just under-
neath the surface of the water used to dissolve it; then the
lye as it is formed, being heavier than the surrounding

F1a. 2.—Lye Tank.

water, sinks to the bottom, so that the solid caustic is by
reason of the currents thus set up always coming in con-
tact with fresh water or unsaturated lye, and consequently
soon becomes dissolved. This is carried out in some works
by opening the drums at both ends and suspending them in
the tanks by means of chains. A better method is, however,
to have a perforated iron plate placed just under the surface
of the water or liquor in the tanks. On this the drums may
be placed, or the solid caustic may be broken out of the
drums and thrown on to it (see fig. 2).

A tank is placed in a room or place above the soap-boil-
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ing kettles ; part of this tank may be placed below the floor, -
but at least 18 in. should be above the floor; a swing syphon
tube should be placed in the tank for the purpose of running
off the lye. For this purpose a syphon tube has some ad-
vantages over a simple or fixed tap placed in the side of the
tank. A grating should be fixed in the top of the tank just
below the surface of the liquor contained in the tank; this
grating may be placed on supports which extend from side
to side of the tank. On this grating the drums of caustic
which have had the ends knocked out are placed. The water
penetrating into the drum gradually dissolves out the caustic,
the solution, being heavier than the water, sinks to the bot-
tom of the tank, a constant circulation of fresh water or
weak liquor passing through the drum becoming stronger in
so doing, which then goes down to the bottom of the tank.
This goes on until all the caustic in the tank is dissolved.
This method of working means less labour in the handling
of the caustic, which is of some advantage; there is no un-
dissolved caustic formed at the bottom of the tank, while the
operation is done somewhat quicker.

From the solid caustic, soda lyes of any strength may be
made. It should be remembered that the solution of solid-
caustic soda in water is attended by the evolution of some
considerable amount of heat, which may be utilised by run-
ning the fresh and still warm caustic lyes into the soap-boilers.

Caustic-soda lyes should not be kept too long exposed to
the atmosphere, as they tend to absorb carbonic acid and pass
into carbonate of soda, the alkaline or soap-making strength
being thereby reduced. Should it be necessary at any time
to keep lyes a considerable time before using they may be
preserved by pouring on their surface some melted paraftin
wax, which setting on cooling prevents any air from getting
to the lyes. In this manner they may be kept for some time.
The paraffin wax can be used many times.
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The following table of the specific gravities of solutions
.of caustic soda will be of service to soap-makers :—

Per cent. by weight of
Degrees Specific
Twaddell.  gravity.

77 per 70
Na0.  NaOH, (o F® ol -l

1 1-005 0-868 0474 0048 = 0046 0043
2 1:010 0743 0957 0097 | 0092  0-087
3 1015 1114 14436 0146 ' 0181 0129
4 1020 1-480 14909 ' 0194 0185  0-180
5 1-025 1834 2:865 0243 0281 | 0219
6 1080 2194 2:880 ' 0291 0-278 = 0262
7 1:085 2521 8252 0385 0820 0308
8 1040 2:964 3746 0389 0871 0350
9 1:045 8-244 4184 | 0488 0417 0898
10 1-050 8-590 4681 0486 0461 0438
1 1:055 8948 5086 = 058 0510 ' 0483
12 1-060 4292 5536 0586 0558 | 0528
18 1-065 4638 5982 0636 0607 & 0573
14 1-070 4972 6418 0680 0658 ' 0617
15 1-075 5311 6911 0742 04707 . 0668
16 1-080 5648 7-285 0786 0749  0°709

.17 1-085 5981 74715 0836 0798 0755
18 1:090 6811 8140 0886 0845  0-800
19 1-095 6639 8564 0937 0894 0846
20 1100 6954 8970 0986 0941 0890
21 1105 7-276 9-386 1087 0989  0-938
22 1110 7594 9796 1087 10387 0981
28 1115 7910 10-208 11187 1128  1-026
24 1:120 8223 10607 1187 1175 1071
25 1125 8:583 11-107 1288 1181 | 1117
26 1-130 8898 11-471 1296 1287 = 1170
27 1-185 9251 11-988 11854  1-292  1-222
98 1:140 9614 12-401 14413 1850 = 1277
29 1-145 9:965 12:844 1470 1413 = 1-387
30 1:150 10-318 18-808 1529 1460 = 1-881
31 1155 10666 18-859 1:600 1528 & 1-445
82 1-160 11-008 14190 1646 1541  1-456
33 1-165 11-847 14687 14705 1627 1589
8¢ | 1170 | 11691 15081 1764 1684 1593
85 1175 | 12:025 15:512 10822 1789 1645
36 | 1180 ! 12:856 16189 1904 1817 1719
87 I 1185 12692 16:872 1942 1853 ' 1758
88 | 1190 ] 18-016 16794 19998 1'887  1-804
39 1195 | 13:889 17-208 2055 1962 | 1-856
40 1200 | 13'660 17-629 2:122 2026 | 1916
41 | 1205 | 14058 18-188 2185 2085 | 1973
42 1-210 14-438 18618 2:252  2:147 | 2088
4 | 1215 14-823 19-121 2328 2921 | 2097
44 1-220 15-124 19618 2:892 2280 ( 2161
45 1-225 15:502 19997 2444  2:838 | 2-206
46 | 1930 | 15959 20-586 2:562 2417 | 2285
47 1235 16299 20996 2:593 2475 | 2:841
48 : 1-240 16:692 21-582 2:669 2548 | 2:410




Degrees Specific
' Tvu{idoll g:?:vity.
' 49 245
50 250
l 51 255
52 *260
\ 53 265
54 270
55 275
56 *280
57 285
58 290
59 295
60 *800
61 305
62 ‘810
63 ‘815
64 -820
65
66
67

BBLRR L8R 8BBIRRFBBRBIIIATIA388

g

BE28RESSERRERELSE

853

el ol o e el el el el ol el el el el ol el ol el el el el el el e TR ol ol ol ol ool ool vl ol
N
(=]

':E:&iﬁﬁéi
5888

CAUSTIC-SODA LYES.

17-060
17-424
17-800
18-166
18-529
18-897
19-255
19-609
19-961
20 818

21-156
21-405
21-785
22-168
22-556
22-926
28-810
23670
24046
24410
24-765
25152
25-526
25901
26-285
26650
27-021
27-385
27-745
28-110
28-465
28-886
29-208
29-570
29-980
80-285
80-645
80-995
81-849
81-700
82-043
82460
82-870
38-288
38-695
84092
34-500
34-899
85-245
85691
86-081

22-008
22-476
22-962
28-433
28-901
24-376
24-858
25-295
25750
26210
26655
27-110
27-611
28-105
28-595
29-161
29-574
80°058
80585
81-018
81-490
81-948
32-446
82-980
38:415
88-905
84-382
84-855
85-328
85795
86258
86-720
37-203
87-674
88-146
88610
89-071
89-530
89-986
40-4385
40-882
41-885
41-875
42-400
42935
43467
48-980
44-505
45°013
45530
46-041
46545

74 per

cent.

2615
2:681
2-750
2-818
2886
2955
3027

8-158
8- 227

8 394
3-439
3-514
8-593
8674
8-742

70 per
cent.

2474
2-586
2:602

2-780
2 '795

2 932
2- 988

8117
8-182
8-253
8:224
8-895
4475
85639
8610
8681
8754
8-824
8:894
8970
4048
4109
4194
4269
4-344
4418
4-498
4-567
4-642
4720
4-797
4873
4950
5027
5104
5°181
5258
5335
5412
5502
56¢0
5679
5769
5856
5948
6035
6126
6216
6-303
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The figures in this table have been most carefully calcu-
lated, and it is believed that they are accurate, at all events
sufficiently so for all technical purposes. The figures in the
last three columns giving the quantities of actual caustic in
one gallon of lye are new ; those for 74 per cent. and 70 per
cent. caustics are based on the assumption that the im-
purities in such caustic have as much influence in raising
the specific gravity of the lye as the actual caustic itself has,
whereas, as a matter of fact, they have sometimes less in-
fluence, and sometimes more so; that the actual strength of
the lye in contents of actual caustic depends upon the char-
acter of the impurities present, which will vary from time to
time, still the figures given may be accepted as sufficiently
correct for technical work. By knowing the strength of the
commercial caustic he is using and the gravity of his lyes,
the soap-maker from this table will be able to calculate the
weight of actual caustic he may have in any given quantity
of lye, and thus having a given quantity of fat, and knowing
how much caustic this will require, he will be able to add
just the right amount of lye to saponify the fat.

Solutions of caustic soda have a somewhat soapy feel;
they react very strongly on the skin, dissolving it. They
dissolve wool and animal tissues rapidly, and react upon
cotton, making it become more transparent and causing it
to swell. They are powerfully basic, and capable of neutral-
ising the strongest acids, the sodium salts which are formed
being characterised by their solubility in water ; with oils and
fats it reacts very strongly.

The following table gives the proportion of caustic soda
required to saponify the various oils and fats commonly used
in soap-making :—
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0Oil. Per cent. of NaOH to saponify
Olive 0il 13-56 to 18-91.
Almond Oil 138°82 to 18-92.
Ground-nut Oil 1356 to 13-98.
Sesame Oil 1849 to 18-66.
Cotton Oil 18-£6 to 13-92.
Linseed Oil 18-80 to 18-85.
‘Whale Oil 1388 to 15-92.
Coco-nut Oil 17-48 to 19-05.
Palm-nut Oil 15°62 to 17-51.
Tallow 13870 to 14°05.
Palm Oil 13892 to 14-44.
Castor Oil 12-49 to 12'88.
Rosin 12-07 to 13°66.

POTASSIUM.

The second alkali metal much used in soap-making is
potassium. This resembles sodium in many respects. It
is a silver-white metal, very soft, lighter than water, having
a specific gravity of 0:865. It melts at 625° C., and at a red
heat can be volatilised, its vapour having a green colour.
Exposed to the air it rapidly oxidises to the monoxide;
thrown on water it rapidly decomposes it with the evolution
of hydrogen and the formation of potassium hydroxide
(caustic potash); the energy evolved in the reaction being
sufficiently great to cause the hydrogen to burn. It is more
energetic in its action than sodium. With one or two ex-
ceptions, e.g., the platino-chloride, acid tartrate, all its salts
are readily soluble in water, while none are absolutely in-
soluble. It was discovered by Sir Humphrey Davy in 1807
by the action of a powerful electric currrent on fused potas-
sium hydroxide.

Potassium occurs very abundantly and very widely dis-
tributed in nature. It is found in sea-water, in marine
plants, in plants of all kinds, from whose ashes potassium
in the form of carbonate is largely obtained; it occurs com-
bined with alumina and silicate in various natural silicates,
and in the form of chloride associated with common salt,
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magnesium chloride, in various localities ; it is also found as
nitrate as an efflorescence on the soil in hot countries.

To potassium is assigned the symbol K, that being the
first letter of the Latin name kalium, the Arabic term being
kali. Its atomic weight is 391.

Two of its compounds are of special interest to the soap-
maker, vz., the carbonate and the hydroxide or caustic
potash.

Potash, potassiwm carbonate.—This very important com-
pound has the composition shown by the formula K;CO;.
Its original source was the ashes of plants, but it is made
also from the various deposits of potassium chloride found at
Stassfurt and Stanislaus by a process analogous to that of
the Leblanc soda process.

Trees and other vegetables have the property of absorb-
ing potassium compounds from the soil in fairly large pro-
portion, and as this is left behind in the ash when the trees,
etc., are burnt, the ashes of wood have for a long period been
used as a source of potash. The following table compiled
from several sources shows the percentage of ash and that of
potash yielded by various woods :—

Ash Potash
Tree. per cent. per cent.
Ash 1-22 0074
Beech . 0-58 0127
Box — 0226
Bean Stalks ... — 2000
Elm e 2:56 0390
Ferns 3:64 0-425
Oak 1-35 0-150
Pine e 034 e 0045
Vine 340 0550
Willow 280 0-285

The manufacture of potash from wood is a considerable
industry in Canada and America, from which countries Great
Britain derives its principal supply.

The method of manufacture is comparatively simple.
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The trees are split or cut up into logs of convenient size
and burnt, the ashes are collected and thrown into a tank
fitted with a false bottom, and a little water containing a
little slaked lime is put into the tank. The carbonate and
hydroxide in the ashes are freely soluble in the water and
are dissolved out, while any sulphate, chloride, or other
neutral salt is partially converted into hydroxide by the lime
and partially left insoluble in the residue of the ashes, in-
sufficient water being used to dissolve them along with the
two products desired. The liquors when saturated are drawn
off, run into iron pots, and then evaporated to dryness, when
greyish-pink masses are left behind ; these constitute “ pot
ashes”. It is owing to this method of manufacture that
this body owes its name of potash.

In this article, whenever potash is named it will have
reference to the carbonate of potassium,.while the hydroxide
may be referred to as caustic potash, but never as * potash .
The potashes are graded by inspectors into “ firsts,” “ seconds,”
“thirds,” and ‘‘ unbrandables .

From the potashes ‘‘ pearlash ’’ is made by calcining in a
reverberatory furnace: the small amount of carbonaceous
matter in the potashes is burnt off, the hydroxide converted
into carbonate, any sulphide, sulphite, thiosulphate present
being converted into sulphate. The calcined mass is then
lixiviated with a small quantity of water, the solution is then
evaporated down to dryness, and by agitation during solidifi-
cation the product is obtained in granular masses of a white
colour and forms the pearlash of commerce. The process of
manufacture thus briefly sketched is the one followed in
most localities.

The composition of “ potashes” and ‘‘ pearlash ” is very
variable. Although the main constituent is the carbonate, yet
there are also present hydroxide, sulphate, chloride, silicate,
aluminate, small quantities of insoluble matter, sodium salts,
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etc. Potash is also obtained from beetroot molasses, the
ashes from which contain 45 to 50 per cent. of potash. A
small quantity is made from suint, the natural grease of wool.
A large quantity is made from the sulphate and chloride
of potassium by a modification of the Leblanc soda process.
The sulphate is first prepared, then this is furnaced with
limestone and coal, the resulting ash is lixiviated with
water, the liquors are then evaporated down to obtain the
potash. This process gives potash of a high degree of
purity, and such potash is likely to supersede that from wood
ashes owing to its greater purity and lower cost.

The following table shows the composition of various
commercial qualities of potash, compiled from the published
analyses of Tatlock and other chemists :—

Montreal.  Firsts. Seconds. Thirds. Pearlash.

Potassium carbonate . . 4387 26-16 3853 4631 7750
Potassium hydroxide .*° . 3650 5003  80'63 614 —
Potassium sulphate . . 1040 15-82 18:92 20-58 1165
Potassium chloride . . 243 3:38 6-13 763 265
Sodium carbonate . . — — — — 2:86
Sodium hydroxide . 202 2-44 501 10-48 —
Soluble silica, alumina . - — — —_ —
Insoluble . . . . 100 092 0-54 877 0-26
Water . . . . . 375 1-83 trace — 4:88
Nuint '

French. Beetroot. Potash. Potash. Leblanc  Potash.
3863 92-68 9025 89-41 9219 7824
3884 43 381 17 3:94 30

9°16 245 2:92 1-67 1-49 2:06
4-17 3:08 252 3-83 143 8-44
1-20 — —_ . — 13 —

266 06 21 06 15 ‘03
534 *50 45 470 80 1585

The above analyses will suftice to show the average com-
position of commercial potashes. They are sold on a basis
of containing so much per cent. of actual carbonate, the
standard being 90 per cent. of carbonate, a standard -which
is only obtainable in the best pearlashes.
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Carbonate of potassium is freely soluble in water, 100
parts of which at 0° C. dissolve 8312 parts; at 10° C. 88:72
parts; at 30° C. 109 parts; at 50° C. 112'9 parts ; at 80° C* 13425
parts, and at 100° C. 153'6 parts.

CAUSTIC POTASH.

This important potassium compound has the formula
KOH. As far as its main properties are concerned, it closely
resembles the corresponding sodium cofnpound ; itis, however,
slightly more hygroscopic and shows greater affinity for the
carbonic acid of the atmosphere. It is rather stronger or more
caustic in its action on various bodies, a property due chiefly
to the greater affinity of potassium for acids and other bodies.

It is a white, solid body, of an amorphous character, and
having a specific gravity of 2:10. At a little below red heat
it melts to an oily-looking liquid, which has a most powerful
action on all animal and vegetable tissues. It dissolves
easily in water, the solution being accompanied with the
evolution of considerable heat, and it absorbs water on ex-
posure to the atmosphere. The aqueous solution possecsses
strongly alkaline and caustic propertics, and when of a
moderate degree of concentration such solution has a solvent
action on animal tissues. It is also capable of neutralising
the strongest acids known, forming the potassium salts, all
of which are soluble in water; a few may be obtained in the
form of precipitates from very strong solutions of potash,
owing to their slight solubility.

Exposed to the air caustic potash solutions rapidly absorb
carbonic acid, passing first into the carbonate, ultimately into
the bicarbonate; on this account it is desirable to expose
potash lyes as little as possible to the air. Aqueous solutions
precipitate the metal as hydroxide from solutions of some
metallic salts such as ferrous and ferric chlorides, copper
chloride, magnesium sulphate, aluminium sulphate, etc.
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Potassium hydroxide is also soluble in alcohol, methyl
alcohol, glycerine, and some other solvents.

Caustic potash is made by processes similar to those
employed in preparing caustic soda, and although it may be
purchased from the alkali-maker, soap-makers are still in
the habit of preparing it themselves. The same methods
of working as described under caustic soda may be used ard
need no further description here. Weight for weight potash
takes less lime to causticise it than soda, the proportions
being as 69 to 53. It is best to allow from 50 to 53 Ib. of
quick-lime to every hundredweight of potash.

Care should be taken in making that all the potash has
been causticised, as will be shown by the acid test, and also
that no excess of lime be used. These defects may be cured
by using more lime, or the addition of more potash, as the
case may be.

Convenient strengths of caustic potash lyes to make are 15°,
292°, 30°, or 40° Tw., which contain approximately 1 1b., 1} lb.,
13jlb., and 21b. actual caustic potash per gallon. See table.

When caustic potash lyes are boiled down until they are
in a state of quiet fusion, and then allowed to cool, solid
caustic potash is obtained. Usually three qualities are
made. The best contains from 80 to 85 per cent. of actual
potassium hydroxide, the medium from 75 to 80 per cent.,
and the Jowest from 70 to 75 per cent. The following
analyses show the constituents usually found in commercial
caustic potash:—

No. 1. No. 2.
Potassium hydroxide . . . . TT04 75:64
Potassinm carbonate . . . . 462 2:54 -
Potassium sulphate . . . . . *33 .21
Potassium chloride . . . . .29 93
Potassium nitrite . . . . . 87 —
Sodium hydroxide . . . . R 2-59
Soluble silica and alumina . . . *30 20
Insoluble matter . . . . . 02 +92

Water . . . . . . . 8R4 17-80
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from which it will be seen that commercial caustic potashes
are not of so pure a character as the commercial caustic
sodas.

Several tables have been published by Dalton, Lunner-
man and Richter, of the strength of aqueous caustic potash
lyes. These tables are not very concordant, and good service
would be rendered to technical chemistry by some college pro-
fessor of chemistry setting his students to work to solve this
problem. The following table is based on the one given by
Dalton, which is probably as accurate as any of them :—

TABLE OF STRENGTH OF CAUSTIC POTASH SOLUTIONS AT 60° F.

Specific Degrees Per cent. Pounds of KOH
gravity. Twaddell KOH. per gal.
1-060 12 559 059
1-110 22 1181 1-25
1-150 30 1548 177
1-190 38 19-29 2:21
1-230 46 23-22 2-84
1-280 56 27-87 3-56
1-330 66 81-32 4:16
1-360 72 8501 476
1-390 78 85-59 536
1-420 84 40-97 581
1-440 88 43-83 631
1-470 94 47°16 6-93
1-520 104 51-09 776
1-600 - 112 5562 889
1-680 186 60-98 1024
1-780 156 6765 12:04
1-880 176 7574 1423
2-000 200 86-22 17-24

Caustic potash is used in soap-making only for making
soft soaps. It acts upon and saponifies oils and fats much
more readily than does caustic soda, and the soaps so pro-
duced are more freely soluble in water and have hygroscopic
properties. One hundred parts of dry potassium olcate will
absorb 162 parts of water from the air; the same quantity of
potassium palmitate will take up 35 parts of water, while
sodinm stearate only absorbs 7} per cent. of water.
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Hard potash soaps are not manufactured in practice,
although they can be made, as will be described farther
on.

The combining equivalent of potassium hydroxide, KOH,
being higher (56) than is that of sodium hydroxide, NaOH
(40), oils require a larger proportion by weight of caustic
potash than they do of caustic soda to saponify them ; on the
other hand a proportionately greater weight of soap is yielded.
Generally oils take from 185 to 20 per cent. of pure caustic
potash to saponify them ; some take a little more, others a
little less. The following table gives the percentage of actual
KOH required to saponify the oils commonly used with caus-
tic potash to make soft soaps, although a few others have
been added to make the table complete. These percentages
correspond with the Koettstorfer numbers obtained in the
testing of oils : —

0il. Per cent. of KOH.

Olive oil . . . . . . 191 to 196

Almond oil . . . . . . 19-47 to 1961
Ground-nut oil . . . . . 19-18 to 1966
Sesame oil . . . . . .19 to 19-24
Cotton oil . . . . . . 191 to 1966
Linseed oil . . . . . . 1874 to 19-52
Whale 0il . . . . . . 1885 to 22-44
Coco-nut oil . . . . . . 2462 to 26'84
Palm-nut oil . . . . . 22 to 24'76
Tallow . . . . . . 1982 to 198

Palm oil . . . . . . 1963 to 2085
Castor oil . . . . . . 176 to 1815
Rosin . . . . . . .17 to 19-8

ALKALIMETRY.

Alkalimetry is the art of determining the value of the
alkaline bodies which have been described above, the car-
bonates and bydroxides of potassium and sodium.

As usually carried out the process depends upon the fact
that when any of the alkalative compounds in question are
brought into contact with sulphuric acid combination takes
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place, sulphates of the alkali metals being formed according
to the following equations :—

H.,SO, + 2 KOH = K,S0, + 2H,0
Sulphuric  Potassi Potassi
° acid hydroxide sulphate
H,S0, + K,CO, = K,S0, + CO, + H,0

Potassium
carbonate
H,SO, + 2NaOH = Na,SO, + 2H.,0
Sodium Sodium

hydroxide sulphate
H,SO, + N&?éa ~ ‘Na,SO, + CO, + H,0
b !

m
carbonate

which show the action of the acid on the four alkaline com-
pounds which are of importance in soap-making.

From these equations it is seen that one molecular propor-
tion 98 parts by weight of sulphuric acid is equal to two
molecular proportions 112 parts by weight of potassium
hydroxide, or to one molecular proportion 138 parts by weight
of potassium carbonate, or to two molecular proportions 80
parts by weight of sodium hydroxide, or to one molecular pro-
portion 106 parts by weight of sodium carbonate.

Taking one molecular or one equivalent proportion, 40
parts by weight, of sodium hydroxide as a standard, then

49 of sulphuric acid = 56 of potassium hydroxide.
” ” = 69 of potassium carbonate.
" ” = 40 of sodium hydroxide.
" » = 53 of sodium carbonate.

Knowing then the proportions in which sulphuric acid
and the alkalies react with one another, it follows that to as-
certain the quantity of actual alkali in a commercial sample,
it suffices to ascertain the quantity of acid required to neu-
tralise a known weight of the alkaline body. This is most
easily and simply done by the use of a solution of sulphuric acid
of known strength to a solution of the alkali until neutrality
18 attained. The latter point is readily ascertained by mak-
ing use of certain bodies which are altered in colour accord-
ing as they are in the presence of alkalies or acids; some of
these bodies are excessively sensitive, and will readily show
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the presence of the minutest trace of either acid or alkali.
These indicators, as they are called, will be dealt with in
detail shortly.

This system of analysis is known as volumetric analysis,
because its essential feature is the measurement of the volume
of certain solutions of known strength.

These solutions are called standard solutions, and may be
made of any strength, but there has grown up with the de-
velopment of volumetric analysis a system of making the
various standard solutions of recognised strengths, what are
called normal solutions; these are supposed to contain an
equivalent weight in grammes in each litre or 1000 cubic
centimetres of the reagent. Thus normal sulphuric acid
contains 49 grammes actual H,SO, per litre. Normal sodium
hydroxide contains 40 grammes actual NaOH per litre.
Normal sodium carbonate 53 grammes actual Na,CO; per
litre. Normal potassium hydroxide 56 grammes per litre of
actual KOH. Normal potassium carbonate 69 grammes of
actual K,CO, per litre, and so on with other reagents. It
therefore follows that 1 c.c. of any one of these normal stan-
dard solutions is equal to 1 c.c. of any other.

For the purpose of measuring the volume of the standard
solutions there are used measuring glasses known as burettes,
of which the best form is that known as Mohr’s, with a stop-
cock, and one or two should be provided ; the best size is one
tohold 50 c.c. and graduated in tenths of a c.c. Theseare sup-
ported in suitable stands, and the volume of liquid in them is
noted where the bottom of the meniscus of the upper surface
of the fluid appears to be adjacent to a mark on the burette.
This is done before and after using the solution, and the
difference between the figures gives the volume or number
of c.c.’s of solution used. To facilitate the reading of the
burette, small glass floats—Erdmann’s floats—may be used ;
a line round these comes up close to the sides of the
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burette, and the reading is much easier and more accurately
made.

Besides the burette there are used in volumetric analysis
pipettes for measuring off definite volumes of liquids and
flasks marked to hold a definite quantity of liquid when filled
up to certain marks on the neck.

The standard solution most in use in alkalimetry is one
of sulphuric acid of normal strength, that is 1000 c.c.’s of it
contain 49 grammes of pure H,SO,. It can be bought from
all dealers in analytical chemicals, ready prepared ; that is a
convenient but most expensive manner of procuring it. The
best and cheapest plan is to make it for one’s own use.

To.do this, procure a supply of pure bicarbonate of soda
or pure carbonate of soda ; place a quantity in a crucible and
heat to redness, allow to cool in a desiccator, weigh out
exactly 53 grammes of the dried carbonate, dissolve in water,
place the solution in a litre-measuring flask and fill up to
the mark with water. There will be now prepared a normal
standard solution of sodium carbonate, each c.c. of which
contains 0053 gramme of Na,CO; and is equal to 0°049
H,SO,.

Measure out 55 c.c.'s of pure strong sulphuric acid and
dissolve in two litres of water. This solution will be a little
stronger than normal strength, but much depends upon the
actual strength of the acid used.

Place the sulphuric-acid solution which has been made
in a burette, and note the reading. Then measure with a
pipette 10 c.c.’s of the normal soda solution into a beaker, add
a few drops of methyl-orange solution, then turning on the
tap of the burette, allow the acid to drop into the soda solu-
tion, constantly stirring the latter. When the colour of the
soda solution changes from yellow to red, the operation, or
titration as it is called, is finished. If the acid solution is of
the right strength 10 c.c.’s of it ought to have been used. If
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less is required it is too strong; if more, it is too weak.
From the quantity of acid solution required, make a calcula-
tion as to how much water or how much acid is required to
bring it up to the right strength. Then test it again, and,
if necessary, again, with 10 c.c.’s of the soda solution, and
add water or acid as required until you have prepared a stan-
dard acid solution, 10 c.c.’s of which will just neutralise 10
c.c.’s of the soda solution. The acid solution will then be of
normal strength and will contain 49 grammes of actual H,SO,
per litre.

The methyl orange which has been directed to be added
to the soda solution is what is termed an indicator; it is very
sensitive to acids, the merest trace of which turns it pink.

It may be convenient here, before proceeding to describe
fully the various alkalimetrical processes, to briefly note the
various indicators which are used in this branch of chemical
analysis,

One of the oldest indicators is litmus. This body forms
a violet blue solution, which turns red on the addition of
acids, while alkalies change the shade a little bluer. It is
a good indicator to use when testing alkaline liquors with
acid ; it has, however, one drawback when using it in the
testing of alkaline carbonates, and that is the carbonic acid
which is evolved from the carbonates by the action of the
standard acid, and which tends, by its solubility in water, to
remain in solution in the liquid, has the property of turn-
ing the litmus red, and consequently there is a tendency to
obtain too low results when testing carbonates with litmus.
This trouble can only be got over by boiling the solutions
before titrating, so as to prevent the carbonic acid from be-
coming dissolved in the solution. This boiling is rather
objectionable and inconvenient, although excellent results are
obtained when it is resorted to.

Litmus is, however, being rapidly replaced by methyl
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orange. Methyl orange is one of the coal-tar azo-oranges; it
dissolves freely in water, forming an orange solution, which
18 turned yellow by alkalies, and red by the merest presence
of acids such as sulphuric, nitric, hydrochloric, acetic, oxalic
acids, but not with carbonic and some weak organic acids.
This want of sensitiveness to carbonic acid enables it to be
used in the analysis of alkaline carbonates in cold solutions,
which are more convenient to work with than hot solutions.

Phenol phthalein is a preparation of phenol and phthalic
acid ; it is a yellowish powder insoluble in water, but soluble
in alcohol or methylated spirits to a colourless solution. It
has the property of producing an intense red colour with the
caustic alkalies, and a weaker red with the alkaline carbon-
ates. Its sensitiveness is great; it can be used with advan-
tage in the testing of acids with standard solutions of sodium
or potassium hydroxide, the merest excess of the latter pro-
ducing a pink coloration, or it may be used in the testing
of pure potassium or sodium hydroxides (caustic alkalies)
with standard acid. It does not work well with the alkaline
carbonates, it shows the normal carbonates to be alkaline, but
the acid carbonates are neutral to it. It does not work well
in ammonia. A weak solution in methylated spirit is used in
analysis.

Lacmoid is a preparation of resorcin, and behaves like lit-
mus, over which it has the advantage of being a little more
sensitive to acids.

There are other indicators which may be used, but the
above are sufficient for all purposes in alkalimetry. Methyl
orange is the indicator which the author prefers to use.

The operation of testing the alkaline carbonates and
hydroxides is practically alike for all, so that one description
will suffice.

Testing Sodium or Potassium Carbonate.—\Weigh out five
grammes of the alkali, transfer to a 250 c.c. measuring flask,
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fill this up to the containing mark with water. It is not:
advisable to heat, as the volume of the liquid may thereby be:
affected, for although it might measure 250 c.c. when made, it
will measure less on becoming cold, due to the contraction in
volume that will occur, and then the results will not come out
right. All volumetric apparatus is understood to be correct
at a uniform temperature of 60° F., which is not the best;
70° F.is much more nearly the average working temperature
of a laboratory, and is much easier to obtain in practice.

Fill the burette with the normal sulphuric acid, measure
by a pipette 25 c.c.’s of the alkali solution into a beaker, add
a little methyl-orange solution, just enough to give a faint
yellow tint to the liquid, then drop in (titrate) from the
burette the acid until the colour of the liquid changes from
yellow to pink. To be able to observe the colour change
more quickly, it is best to place a white tile or plate under
the beaker, and to carry out the work in a good light. Methyl
orange does not work well in gaslight, the change is not so
easily perceptible ; when working by gaslight it is best to use
litmus or lacmoid, then the alkali solution must be boiled pre-
vious to titrating. Note the number of c.c.’s of acid used.

Repeat the test two or three times; the various readings
should not differ more than 0-05 c.c. from one another. If an
Erdmann’s float is not used, a sheet of white paper held
behind the burette enables the readings to be more easily
taken.

Having ascertained the number of c.c.’s of acid used, these
can be calculated to the equivalent of alkali by multiplying
by 0:053 if sodium carbonate is taken, or by 0069 if potas-
sium carbonate is being tested; this gives the weight in
grammes of the alkali in the quantity taken for titration, and
from the figures obtained the percentage can be calculated.

Testing Sodium or Potassium Hydroxide (Caustic Soda
or Caustic Potash).—The process is exactly identical with.
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the above. In calculating the results, the factors 004 for
caustic soda and 0056 for caustic potash are made use of.

Caustic Soda Ash or Commercial Caustic Soda.—These
articles are rarely pure; soda ash is or should be sodium
carbonate, but it invariably contains some caustic soda.
Then commercial caustics, especially the lower grades, in-
variably contain some carbonate in addition to the caustic.
In the case of the caustic alkalies it is advisable that when
* used in soap-making they should contain as little carbonate
as possible. Since this takes very little, if any, part in the
actual process of saponifying the fats, it is therefore fre-
quently necessary to examine samples of soda ash for the
presence and amount of hydroxide, and caustic for the presence
and amount of carbonate. The method is the same in both
cases.

Five grammes are weighed out and dissolved in 250
c.c.’s of a neutral solution of barium chloride ; this gives a
precipitate of barium carbonate; the volume of the mixture
is made up to 100 c.c.’s, then it is filtered as rapidly as
possible. Fifty c.c.’s of the filtrate, which equal 25 c.c. of
the original solution, are taken and titrated as before. This
titration gives the alkali present as caustic (hydroxide). The
difference in the amounts of normal acid used in the two
titrations represents the amount of carbonate in the sample.
To make the calculations the c.c.’s of acid used in the two
titrations are multiplied by 0°053 when caustic soda or soda
ashes are- being tested, or by 0°069 when caustic potash or
potashes are being tested.

It is customary in the alkali trade to represent the
strength of soda not by the percentage of actual carbonate
or hydroxide they may contain, but by the percentage of
sodium oxide, Na,0, they contain. There is no difference
in the mode of testing, but when the amount of sodiumn oxide
only is required the factor for multiplying the acid is 0°031.
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The amount of sodium oxide so calculated may be expressed
as-“‘ total alkali,” ‘“ alkali as carbonate,” or “alkali as caustic *’.
The same can be done with the potash compounds, the factor
in that case being 0°047.

In alkali works 1t 18 customary to adopt a method of
working the tests by means of which the re ading of the
number of c.c.’s of normal acid used gives at once the per-
centage of alkali present. This is done by weighing out 3-1
grammes of the alkali, dissdlving in 250 c.c.’s water, titrating
with the alkali as before ; the number of c.c.’s used multiplied
by 10 gives at once the percentage of Na,O present. This
saves a good deal of time by avoiding the trouble of making
elaborate calculations.

In the case of potashes, 6*9 grammes should be weighed
out, when the percentage of carbonate, K,CO,, is given at
once by the acid.

The following table of factors may be found useful for
reférence in alkalimetry :—-

1 c.c. normal sulphuric acid contains 0°049 grm. H,SO,.

” »» " ' equals 0031 ,, Na,O.

” ”» ” " ” 0040 » NaOH.
o e . 0053 , NaCoO,
” ) ) " ” 0047 ” K20.

0056 ,, KOH,
0069 ,, K,CO,.

" " iE] ”" ”

” ” ” ” ”

" ,» sodium carbonate contains 0:053 ,, Na,CO,.

" ,,» Bodium hydroxide , 0040 ,, NaOH.

. ,» potassium hydroxide ,, 0056 ,, KOH,

. ,» sodium carbonate equals 0049 ,, H,SO,.

. ,» sodium hydroxide ,, 0049 ,, H,S0,,
BORAX.

This salt has from time to time been added to soaps of
various qualities for the purpose of increasing their detergent
properties ; borax is a borate of sodium, having the formula
Na,B,0,10H,0, and occurs in fine crystals containing 47
per cent. of water. It occurs naturally in various forms, and
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from this natural borax or tincal the commercial article
is now largely manufactured. In Tuscany boracic acid is
found, and from this borax is made by combining it with
soda. Borax crystals are rather efflorescent, are soluble in
about half their weight of boiling water and about 12 parts
of cold water; it has a feebly alkaline taste and reaction
when hydrochloric acid is added to strong boiling solutions
of borax; on cooling boracic acid crystallises out. It is
owing to the feebly alkaline properties of borax that it is
used in soap-making.

PHOSPHATE OF SODA.

This substance is often added to soaps with a view also
of increasing its detergent properties; it has the composi-
tion shown in the formula Na,HPO,12H,O and forms large
transparent, somewhat efflorescent crystals, soluble in about
four parts of cold water, and in boiling water to an unlimited
extent, the solution having a faint alkaline recaction.

SODIUM AND POTASSIUM SILICATES.

The use of the silicates of potassium and sodium or, as they
are frequently called, water glass or soluble glass, on account
of their glassy appearance when in the solid state, and being
soluble in water, was suggested by Sheridan in 1838, since
which time they have been largely used by soap-makers in
the preparation of the cheaper qualities of soaps. The soap-
maker also knows these products by the name of “* runnings ™.

They are made by fusing sand or powdered quartz of ood
quality with potash or with soda ash, according as either
silicate of potash or silicate of soda is required ; the operation
being conducted at a high temperature in a suitable furnace.
They may be made by heating sand with aqucous solution of
the alkalies. The silicate of soda is by far the more important
of the two bodies.
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Silicate of soda is offered to soap-makers in two forms,
solid and liquid.

Solid silicate of soda occurs in the form of glassy-looking
masses of a brownish or greenish colour. This colour is due
to metallic impurities, usually iron, which are present in the
sand from which the product is made. It is brittle, break-
ing with a conchoidal fracture, and closely resembles glass
in appearance, and it is this body that is generally under-
stood when soluble glass or water glass is spoken of.

The liquid caustic soda is the.form mostly patronised by
soap-makers. It is a viscous liquid, whose specific gravity
ranges from 1'500 to 1'546 (100° to 109° Tw.). Generally it
i8 of an alkaline character, and contains 159 per cent. of
sodium oxide, Na,O; 29'3 per cent. silica, Si0,; 54'8 per
cent. of water. The formula of the dry silicate contained in
this solution would be Na,028i10,, so that although nominally
“alkaline,” it is really an acid silicate in character. Normal
silicate of soda in which the base and acid are exactly equiva-
lent to one another has the formula Na,08Si10..

A ‘“‘neutral ” silicate containing a smaller proportion of
soda is often made. It is advisable that the ratio between
the silica and the soda should be kept as 2 to 1, shown in the
first of the formula given above: if the silica i1s in greater
proportion then it cannot be concentrated to so strong a
solution as 100° Tw. without decomposition. When it is less
than 2 to 1, it becomes of too caustic a character for soap-
making. Usually about 5 per cent. is the quantity emploved
in making pale soaps, and such a quantity will harden a soap.
If, however, the proportion largely exceeds this, then the
tendency is for the soap to become pasty and very wasteful
in use. Silicate of soda is not used now as often in soap-
making as it formerly was.

Silicate of potash is sold as a *“ neutral " solution, which
has usually a specfic gravity of 138 (76" Tw.) and contains



COMMON SALT. 49

1343 per cent. of potassium oxide, K,0, 24'40 per cent. of
silica, Si0,, 6217 per cent. of water.

The proportions of alkali and silica in this approximate to
the formula K;038i0,. It is also sold as ‘“ neutral ” silicate
in a solid form, this usually containing 30'78 per cent. of
potassium oxide, K,O, 6873 per cent. of silica, Si0,, which
corresponds approximately to the formula K,048i0,.

While silicate of soda is used for mixing with hard soaps,
silicate of potash is used for mixing with soft soaps.

The effect of employing the silicates in soap-making will
be discussed in another place.

COMMON SALT.

One of the materials which find extensive use in soap-
making is salt, sodium chloride. This is a compound of the
metal sodium and the gaseous element chlorine, in the pro-

portions—
39-82 per cent. Sodium
6068 ’ Chlorine

and having the formula NaCl.

It occurs in sea-water to the extent of 27 per cent., and
it is to this substance and the magnesium chloride that sea-
water owes its saline taste. Salt occurs in large deposits in
a solid form—rock salt—in many places in this country:
at Northwich, Middlewich, Winsford, and other localities in
the county of Cheshire, at Droitwich in Worcestershire,
Fleetwood in Lancashire, Middlesbrough in Yorkshire, and
in other places, at all of which it is either mined or pumped
up in the form of brine. Rock salt contains a few im-
purities, as shown in the following analysis of a Cheshire
sample :—

Sodium chloride . . . . . .. 983 per cent.
Magnesium chloride . . . . . . 005
Calcium sulphate . . . . . . . 1:65 “
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while the brine usually has the composition :—

Sodium chloride . . . . . . . 2532 per cent.
Calcium sulphate . . . . . . . 0-89 ”
Sodium sulphate . . . . . . . 014 0
Magnesium carbonate . . . . . . 011 »

but varies considerably.

Salt is purified for domestic and industrial purposes by
dissolving the rock salt in water, or taking the brine as it
is pumped, clarifying by filtration or settlement from any
insoluble matters, boiling down in large pans and fishing out
the salt which deposits as the boiling continues. Upon the
rapidity of the boiling depends the form of salt which is
obtained. A rapid boil gives the fine-grained salt used for
domestic purposes, while a slow boil gives rise to the large-
grained salt used for other purposes. In the soap industry
the latter is the form usually employed.

Salt thus prepared is almost pure, and contains but small
traces of other substances.

Pure salt is a colourless and transparent solid, crystallising
in cubes. These are slightly hygroscopic on exposure to the
air. They are soluble in water. The solubility is not great,
nor does it increase to any marked extent with the rise of
temperature, as is the case with most other soluble bodies.
At 0° C. 100 parts of water will dissolve 355 parts of salt, at
25° (. 36°1 parts, and at 110° C. (the boiling point of salt
solutions) 403 parts of salt.

The following table gives the specific gravity and per-
.centage contents of salt of saline solutions at 15° C.:—

Specific Degrees Per cent.
gravity. Twaddell. of salt.
1-00725 14 1
1-01450 29 2
1-:02174 43 3
1-02809 58 1
103624 e 72 5
1:04336 87 6
1-05108 10-2 7
1-05851 117 8
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Spocife ocgrees  Por oont.
1-06593 182 9
1-07885 147 10
1-08097 162 11
1-08859 177 12
1-09622 19-2 18
1-10884 20-7 14
1-11146 22-8 15
1-11988 238 16
1-12780 255 17
1:18523 274 18
1-14815 286 19
1-15107 302 20
1-15981 818 21
1-16755 835 22
1-17580 351 23
1-18404 3868 24
1-19228 884 25
1-20098 402 . 26

Salt is used in the soap trade for freeing the soap formed
by the saponification of the fats with alkali from the excess
of alkali used in the manufacture, and from the glycerine
formed in the operation. Its use depends upon the fact that
while soap 18 soluble in pure water, or in water containing a
small quantity of caustic soda, etc., in solution, it is not
soluble in water containing much salt in solution, hence when
salt 13 added to the soap-pan, and becomes dissolved in the
lye, or brine is added, the soap is thrown out in curds when
sufficient salt or brine is added for the purpose. The quantity
cannot be definitely fixed, as it varies with the character of
the soap and the fats it is made from. Coconut-oil soap
takes much more salt than a cotton-oil soap, and this more
than either a tallow or palm-oil soap. Then the excess of
alkali employed has some influence by reducing the quantity
of salt required, while also the proportion of water to soap in
the pan causes & variation in the quantity of salt according
as it is much or little.

The salt may be recovered from the spent lyes by a pro-
cess of evaporation.
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LIME.

Lime, or quick-lime, or caustic lime, as it is indifferently
called, is the oxide of the metal calcium, and has the formula
Ca0. It is used in soap-making only for the purpose of
causticising the soda or potash lyes to make the necessary
caustic lyes for soap-making. Quick-lime is a white body
which when exposed to the air absorbs moisture rapidly, and
falls to a white powder. Air-slaked lime, as it is called, when
mixed with water combines energetically therewith, giving
rise to the production of considerable heat, and producing &
white pasty mass called slaked lime. This slaked lime is
used for a variety of purposes, chiefly for making mortar and
cement, and also is the form employed in causticising the
alkaline lyes. Mixed with a quantity of water it forms what
is known as milk of lime. The following table taken from
Lunge and Hurters’ Alkali-makers’ Handbook shows the
amount of calcium oxide in milk of lime of different
strengths :—

TABLE SHOWING AMOUNT OF LIME IN MILK OF LIME.
(Calculated from Blattner.)

Degrees Grms. CaO Lb. CaO per Degrees Grms. CaO Lb. CaO per
Twaddell. per litre. cubic foot. Twaddell. per litre. cubic foot.
2 117 07 28 177 111
4 244 15 30 190 119
‘6 371 23 32 203 12:7
8 498 31 84 216 185
10 62'5 89 36 229 148
12 752 47 88 242 151
14 879 56 40 255 159
16 100 63 42 268 167
18 113 71 44 281 17-6
20 126 79 46 294 184
22 138 87 48 307 19-2
24 152 95 50 321 200
26 164 10'8

When milk of lime is boiled with fatty acids, combination
takes place, and what are known as lime soaps are formed
which are insoluble in water, and lime is also, when both
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" heat and pressure are applied, capable of saponifying fats, and
is therefore used in the Autoclave process of decomposing
fats. The quality of quick-lime and slaked lime may be de-
termined in the following manner :—

1. Free Ca0.—Weigh 100 grms. of an average sample
carefully taken, slake it completely, put the milk into a
half-litre flask, fill up to the mark, shake well ; take 100 c.c.
of the contents, equal to 1 grm. quick-lime, for the test.
Titrate with normal oxalic acid and phenolphthalein as an
indicator. The colour is changed when all free lime has
been saturated, and before the CaCO; is attacked.

2. Carbon Dioxide.—Titrate CaO and CaCOj; together by
dissolving in an excess of standard hydrochloric acid and
titrating back with standard alkali. By deducting the CaO
estimated as in No. 1, the quantity of CaCO, is obtained.
For very accurate estimations the CO, is expelled by HCI,
absorbed in soda lime and weighed as described.



CHAPTER III

FATS AND OILS USED IN SOAP-MAKING: THEIR
PREPARATION AND PROPERTIES.

THE fats and oils used by the soap-manufacturer are de-
rived from both vegetable and animal sources; none, so far
known, are derived from the petroleum oils or paraffin shales.
There is no very essential difference between an oil and a
fat ; it is purely a question of climate, or rather of tempera-
ture, as to whether a particular body makes its appearance
in a solid form—a fat, or whether it is liquid—an oil, at the
ordinary temperature of the place in which it is. Palm oil
is here a fat, i.e., solid; in Africa it is an oil, i.e., liquid.
Coconut oil is in this country a white solid ; in Indiait is a
water-white liquid. Olive oil is here an oil; in Greenland
it is a fat. That it is simply a question of temperature is
proved by the fact that if tallow or palm oil or coconut oil
can be kept in a sufficiently warm place they are converted
into liquids ; while, on the other hand, by artificially cooling
olive oil, or cotton-seed oil, or lard oil, they are solidified, and
are then in no wise distinguishable from a solid fat.

These few examples will suffice to show the relation be-
tween fats and oils, and in these pages when these bodies
are generally referred to, the term fat may be taken to in-
clude oils, and vice versad.

The oils and fats are characterised by being lighter than
water, their specific gravity ranging from 0'878, which is
that of sperm oil, the lightest of natural oils, to 0-964, that
of castor oil, the heaviest of natural oils. In water they are



SOAP FATS AND OILS. 55

quite insoluble; on shaking up with it they form an emul-
sion in which the oil is distributed throughout the body of
the water in the form of minute globules; on standing, the
oil gradually separates out and rises to the surface. They
impart a greasy stain to paper, causing it to become more
or less transparent; this stain is permanent. They are
readily soluble in ether, chloroform, carbon bisulphide, tur-
pentine, petroleum spirit, benzol ; in alcohol their solubility
varies very much; castor oil is readily soluble; linseed oil
is soluble in about ten times its volume of strong alcohol,
while the solubility of tallow oil is but slight; a great deal
depends upon the freedom of the oil from acidity, which in-
creases its solubility in alcohol.

On being heated to 500° to 600° Fahr. they decompose,
and under ordinary atmospheric pressure they cannot be dis-
tilled unchanged ; at a reduced pressure and with the air of
superheated steam they may be distilled. The products of
decomposition are rather variable, but include water, car-
bonic acid, acrolein, acetic acid, sebacic acid, etc.

The oils are compounds of the three elements, carbon (C),
hydrogen (H), and oxygen (O), the proportions varying in
different oils’; for linseed oil these are—carbon, 7740 per
cent.; hydrogen, 11°10 per cent., and oxygen, 11:50 per cent.

When boiled with caustic soda, caustic potash, or lime,
they are decomposed and two bodies are formed, one glyce-
rine, the other the familiar article soap; this operation is
known as saponification—but of this more hereafter.

On exposure to air all oils become more or less oxidised ;
some, such as olive oil and lard oil, are but slightly affected ;
these are known as the “non-drying oils”: while linseed oil
and some other oils on exposure to the air gradually become
hard, “dry ” as it is called ; these are known as the “ drying
oils . There is no hard or sharp line between these two
classes of oils; the transition is very gradual between, say,
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sperm and olive oils, which are types of non-drying oils,
through cotton-seed oil and niger-seed oil, partially drying
oils, to linseed oil and poppy-seed oils, types of the drying
oils. This property of drying has a material influence on the
uses to which the oils are put in practice: the non-drying
oils find extensive use in lubricating machinery, the partially
drying oils are used as food oils, while the drying oils are
used primarily as painting oils. Even in soap-making the
drying oils are the best for making soft soap, while the non-
drying oils make the best hard soaps.

Two other kinds of oil are commonly distinguished in
commerce ; these only resemble the oils proper in their ap-
pearance; the essential oils are almost entirely derived from
vegetable sources, and it may be mentioned in passing that
a plant may yield both an essential oil and an ordinary fat
oil ; to the essential oil it owes its characteristic odour and
taste; the essential oil only exists in small quantities, while
the fat oil may occur in large proportion. The essential oils
vary in specific gravity very much—some are lighter, others
are heavier than water, in which some are slightly soluble ;
they are soluble in alcohol and other solvents, and as a rule
they can be distilled without decomposition; alkalies have
little or no action on them; they contain carbon, hydrogen,
and oxygen, but the proportion of the latter element is less
than in the fixed oils; these are used in soap-making to
impart a perfume to soap.

The second class of oils referred to above are the so-called
hydrocarbon or mineral oils derived from the Scotch paraffin
shale and American or Russian petroleum; these oils are
lighter than water, have an oily appearance, will give a per-
manent stain to paper; they are insoluble in water and
alcohol, they can be distilled without decomposition, are not
acted on by caustic alkalies and are composed only of carbon
and hydrogen, whence they are called hydrocarbon oils;
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these are not used in soap-making, but find a most extensive
use in lubricating machinery.

COMPOSITION OF OILS AND FATS.

It has been mentioned above that oils when they are
boiled with caustic soda form two bodies—soap and glycerine.

Glycerine is a water-white, very viscid, liquid having a
specific gravity when pure of 1:2665; but it has such an
affinity with water that it is difficult to obtain absolutely an-
hydrous glycerine, and the ordinary commercial glycerine
generally has a specific gravity of 1'260 to 1-263, and contains
a little water. It has asweet taste, and was originally known
in consequence as the ‘‘sweet spirit of oils,”” and in the gly-
cerine industry the crude material is known as the ‘sweet
water”. With water it mixes in all proportions. The fol-
lowing table showing the specific gravities and strengths of
various mixtures of these two liquids will be found useful :—

TABLE OF SPECIFIC GRAVITIES AND STRENGTHS OF AQUEOUS
SOLUTIONS OF GLYCERINE.

Specific gravity. Per cent. of | Specific gravity. Per cent. of
15°C. glycerine. 150°C. glycerine.
1-2650 100 1-1990 75
1-2625 99 1-1855 70
1-2600 98 1-1715 65
1-2575 97 1-1570 60
1-2550 96 1-1430 55
1-2525 95 1-1290 50
1-2499 94 1-1155 45
1-2478 93 1-1020 40
1-2447 92 1-0885 35
1-2421 91 1-0750 30
1-2395 90 1-0620 25
1-2341 88 1-0490 20
1-2287 86 1-0365 15
1-2238 84 1:0240 10
1-2179 82 1-0120 5
1-2125 80

Glycerine is also soluble in alcohol, but only slightly so in
ether. A mixture of equal volumes of chloroform and alcohol
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dissolves it, but it is insoluble in chloroform, benzene, petro-
leum spirit and oils. It is a powerful solvent for salts, ete.,
being nearly equal to water in this respect.

It is composed of carbon, hydrogen, and oxygen in the
proportions indicated by the formula C;H O, ; in its relation-
ships it belongs to the alcohol group of organic compounds,
has basic properties, and with the monobasic acids such as
hydrochloric acid, oleic acid, stearic acid, it is capable of
forming compounds containing one, two, or three equivalents
of the acids, the compound containing three equivalents being
the normal one; hence glycerine must be a tribasic alcohol,
containing three equivalents of the radicle hydroxyl, OH, and
therefore having the formula—

OH
CH, {OH
OH
and is essentially the hydroxide of the radicle glyceryl.

It may be mentioned that although by a looseness of ex-
pression which is very common, glycerine is often spoken of
as the base of the oils and fats, yet glycerine as such does not
exist in the oils, but is formed during the various processes of
saponification by the combination of the real base glyceryl,
CsH,, with the radicle hydroxyl. The oils and fats are salts
of this basic radicle glyceryl. Heated with strong sulphuric
acid or with acid potassium sulphate it is dehydrated, and
acrolein (acrylic aldehyde), C H;COH, is evolved, recognisable
by its peculiar odour.

Nitric acid acts on it energetically, forming a variety
of products, nitro-glycerine, oxalic acid, glyceric acid, ete.,
being formed according to the strength of the acid used, and
the manner in which the operation is carried out. Heated
with potassium permanganate in the presence of caustic
potash, glycerine is converted into oxalic acid and carbonic
acid: and as this reaction takes place in a definite manner,
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it is taken advantage of for the quantitative estimation of
glycerine.

When glycerine is heated with organic acids combination
takes place, and ethers are formed known as glycerides, and
these have the specral termination in, as acetin, olein, stearin, .
and palmitin, wi e prefixes mono, d2, and ¢, to show haw
many equivalents of the acid are combined with one equi-
valent of the base. Chemists, to show the analogy between
glycerine and the alcohols, have given to it the systematic
name glycerol, but it has been thought better to use the more
familiar name glycerine here.

SOAP.

Some of the properties of this, the second body formed by
the action of alkalies on the fats, have been given, and more
will be given after the fats themselves have been fully de-
scribed.

Soap is, to & more or less degree, dependent on the nature of -
the fats and on that of the alkali used, soluble in boiling water ;
if this solution be allowed to cool it sets into a jelly-like mass
provided that there be sufficient soap dissolved in the water.
If the soap be ignited it leaves behind about 7 per cent. of
a white ash consisting entirely of a carbonate of the alkalj,
soda or potash used in making the soap, thus proving that
soap is an alkaline compound.

If to a boiling aqueous solution of soap a slight excess of
dilute sulphuric acid be added, the soap is decomposed, and
there is obtained an aqueous solution of the sulphate of the
alkali, and a fatty or oily matter rises to and forms a layer on
the surface of the liquor; the character of this layer of fat
depends a great deal on the fat used in the preparation of the
soap, but is, as a rule, more solid.

This fatty matter, although resembling the fat or oil
from which the soap has been made, possesses very different
properties. In specific gravity it is lighter than water. It
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is soluble in petroleum spirit, ether, benzene, and is dis-
tinguished from fat by being soluble in alcohol and glacial
acetic acid.

It is capable of combining with and neutralising caustic
soda or caustic potash, re-forming soap, which it will do in
the cold. It is also on heating capable of decomposing the
carbonates of the alkalies with the evolution of carbonic-
acid gas, a very characteristic feature of acids. The fatty
maitter liberated from soap by the action of sulphuric acid is
therefore acid in character and is the fatty acids of soap.

As soap is formed by the union of an acid or acids
with a base (the alkali) it belongs to the class of com-
pounds known as salts; for the same reason, as oils and fats
are compounds of a base-glyceryl, with these acid bodies
they must be salts too.

The acid body obtained by the decomposition of the soap
18 not a simple body, but is a more or less complex mixture
of several fatty acids, showing that the oils are compounds
of two or more glycerides. The researches of Chevreul and
others on the oils have revealed the existence of a large
number of fatty acids; some of these, oleic, stearic, palmitic,
are present in various proportions in most oils; as, for ex-
ample, ricinoleic acid in castor oil, arachidic acid in arachis
(ground-nut) oil, doeglic acid in sperm oil, brassic acid in
rape oil, etc. These fatty acids are monobasic acids, and the
glycerides present in the oils contain one equivalent of the
base to three equivalents of the fatty acids.

The fatty acids so far known belong to five groups; which
from that of the most important member of the series may
be called the stearic, oleic, linolic, linolenic and ricinoleic
groups. The various members of these groups, while differ-
ing from one another in the proportion of carbon, hydrogen,
and oxygen they contain, in their specific gravities, melting-
points, combining equivalents, yet possess a family resem-
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blance in the matter in which they undergo decomposition
and combine with various other bodies in a similar way.
THE STEARIC SERIES OF FATTY ACIDS.

CnH;n + 1.
General iormula.{ COEO[?:I.
Boiling- | Combining | Oils and fats in which
Name. Formula. point.  |equivalents.| found.
Formic . HCHO, 105°C. 46
Acetic . HC,H,0, 117°C. 60
Propionic . HC,H,0, — T4
Batyric . HC,H,0, 164°C. 88 'IV?I:&?L L il val
Valerianic . HG,H,0, - 102 dan ot
Caproic . . HC4H,,0, 200°C. 116
Enanthylic HC,H,;0, 212°C. 130 Volatileacids found
Melting- in coconut oil,
point. p:lm-kemel oil,
ete.
Capryllic . | HGgH,;,0, 15°C. 144
Pelargonic . . | HGyH,,0, 12-5°C. 158
Capric . | HC,,H,;,0, | 30°C. 172 Geranium oil. oil of
ium oil, oil o
.. o [ rue, chaulmugra
Cocinic . HC; H;,0, | 85°C. 186 l oil. il of Califor-
! nian bay-tree.
Coconut oil, palm-
Laaric . HC,,H,;;0, | 48°C. 200 { kernel oil, laurel
oil.
Tridecatoic HC,;;H,0, | 47°C. 214 Nut .
‘Nutmeg oil, coco-
Myristic HC,H,0,| 53°C. 228 ' nut oil, palm-ker-
nel oil.
Pentadecatoic HC,,H,0, ! 56°C. 242 )
Palmitic HC,;H;,0, | 62:5°C. 256 Palm oil,Japan wax.
, Margaric 17Hx0, | 66°C. 270 ’(r)li]\“e oil. . 4
| Stearic . HC,Hyu0. | 69°C. 284 { 8 I, cotton-see
' Arachidic . . HCy,H,0, | 175°C. 212 Ground-nut oil.
| Medullic HC,H,0,| 725°C. 826 geef xplafrlowli
Behenic . HC,H,0, | 76°C. 340 ’l Card ol s
Lignoceric . | HC,,H;;0,| 805°C. 368 Beechwood tar.
' . Distillate from
Geoceric . HC,H,0,| — 396 l { e cal.
! Cerotic . HC,H, 0, | 79°C. 410 [Poos wex, sperma-
Melissic . I HC,,H,0, | 89°C. 452 l ‘Bees’ wax.

This series is also known as the acctic series, acetic acid
being, perhaps, the most important member of the series,
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although it is not known to be present in oils and fats, but is
often a product of their decomposition. They are saturated
acids and will not combine directly with iodine or bromine ;
a distinguishing feature from the other series of fatty acids.

The lower members—formic, acetic, propionic—are liquids,
volatile without decomposition, miscible with water, and have
a pungent, acrid odour ; the-next few members are more or
less oily in appearance; those below the eleventh member,
cocinic a.cid,' are soluble in water, and are hence known as
the soluble fatty acids, and can be distilled without change
in the presence of water. The higher members of the series
are solid bodies, whose hardness and melting-point increase
with the complexity of their molecule ; they are insoluble in
water, and they cannot be distilled in its presence. Heated
with solid caustic alkalies they undergo no change.

These acids are more fluid than the corresponding acids of
the stearic series. With bromine or iodine they form addi-
tive compounds, one equivalent of acid taking up two
equivalents of bromine or iodine, forming compounds of the
type of bromo-oleic acid, HC,;H3,Br,0,. Heated with caustic
potash to a temperature of 300°C., they undergo decomposi-
tion, potassium acetate and a potassium salt of a fatty acid
of the stearic series being formed. This acid has two atoms
of carbon less than the original acid, thus oleic acid is con-
verted into potassium acetate and potassium palmitate :—

HC,.H,,0, + 2KOH = KC,H,0, + KC,H,,0,.

Under certain conditions some of the acids give sebacic
acid, the formation of which serves as a distinguishing test
for oleic acid and the higher acids of this series.

One very characteristic reaction of the oleic series is the
conversion by means of nitrous acid into a more solid but
isomeric compound: thus oleic gives elaidic acid ; hypogeic
acid, gaidic acid. This reaction also occurs with the glycerides,
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and is a very useful means of detecting the presence of much
olein and its homologues in oils.

OLEIC SERIES OF FATTY ACIDS.

CnHgn - 1.
General formula COOi[.

Name. Formula. l Mp‘gltl:’:g' 1&%‘:&:’& Oils in which found.
| ———
. ¢ Produced by decomposi-|
Acrylic . . .|HC,H,0, - I 12 {PTpChcet oy decompo
Crotonic . HC,H,0, — 86 Croton oil.
| Angelic . HC,H,0, — 100 Angelica oil.
| Pyroterebric. HCgH,0, — 114
Damaluric C,H,,0, — 128 |
Damolic . . . HC,,ﬁ,,O, — i 212 !
Soringic . . } HC,,H,,0, { 4208'} 20 Oil of ben.

H ic . {88°C.\ | Earthnut oil.

Gﬁ? .. } HCy¢H0, 139°C. | 254 pProduced from hypogeic
Physetoleic . HC,gHy0 f80°C.\ 954 | S;::'ixbgl pitrous acid.
Physetelaidic 16 2\ J Prod‘li.lcl:zd from physoéoleic
acid by nitrous acid.

Oleic . . . j14°C.\ X ' All oils and fats.

Elaidic . . §|HCu»Hx0: \4505 | 22 Produced from oleicacid
! by the action of nitrous
i | acid.

Doeglic . .\ : o Bottlenose oil.

Doeglaidic . f HC,,Hy0, , 16°C. | 296 | Produced from doeglic
l . | acid by the action of
: ! nitrous acid.

' Erucic | (84°C. | Mustard  oils, grape-
| } HC,H,0, {{ } 338 . sced oil.
! Erucaidic 56°C. Produced from erucic
acid by the action of
! nitrous acid.
Brassic N §34°C.\ Rape and colza oils.
Brassaidic . f HCRH,0, \ | 838 " Produced from brassic

| ~ acid by the action of|
i nitrous acid.

The lead salts of the o]elc fatty aud~ are solul)le in ethel
while the lead salts of the stearic fatty acids are insoluble in
that solvent.

LINOLIC SERIES OF FATTY ACIDS.

jCnH.n - 3.
Generai formula \(JOOH

This series of fatty acids are few in number: they are
characterised by readily combining with bromine or iodine in
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the proportion of either two or six equivalents of the halogen
element to one equivalent of the fatty acid.

Combining

Name. equivalents. |

Formula.

Liquid body occurs in lin-

Eleomargaric . .| HC o)
o . . e ’} 280 { seed and other drying

Linolic . 18H310g

Tariric . 2105 oils.

They are not affected by nitrousacid ; their lead salts are
soluble in ether.

Myristolic acid, HC,sH,;0,; palmitolic acid, HC,;Hy,0;;
stearolic acid, HC, H;,0,, are isologous acids formed by the
action of caustic potash on the dibromo-derivatives of the

corresponding acids of the stearic series :—
HO,sHy,Br,0, + 2KOH = HC,H, 0, + 2H,0 + 2KBR.
LINOLENIC SERIES OF FATTY ACIDS.

General formula {8’]0%% - 6.

Acid. . Formula. ‘

. . ‘ (0] in 1 il and
Linolenic . . . . . HC,,H,0, { c&li;:r ?ryi;]ngse:i(}s. ol an
Isolinolenic. . . . . HC, H,,0,

Jecoric .

HC,,HyO, ‘

These acids are characteristic of drying oils, have a great
affinity for iodine and bromine and are readily acted on by
hydrolytic agents, such as alkaline, permanganate of potash
being converted into hydroxy acids.

RICINOLEIC SERIES OF FATTY ACIDS.

CnH,n — 1':0OH.
General formula COOH.

Name. Formula. ’
Ricinoleic . . . . .| HCH,OHO, | Present in castor oil.
Ricinisoleic. . . . .| HGC,H.;,0HO,
Rapic. . . . . . .| HC,H,OHO, | Found in rape and colza oils.
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These acids are hydroxy acids, monobasic, easily combine
with bases to form very soluble soaps, combine readlly with
bromine and iodine, are soluble in alcohol and ether, but
not in petroleum oils. Nitrous acid converts them into elaidic
acids.

Having so far dealt with the fatty acids, and the base
glycery), the general composition of the oils and fats may now
be dealt with in detail, and their decomposition by alkalies
fully pointed out.

Glycerine being a tribasic radicle, and the fatty acids
without exception monobasic acids, it follows that the
normal compound of these bodies must contain one equi-
valent of the base with three equivalents of the acid. Thus
olein, stearin, palmitin, laurin, and linolein, to take the five
most common and important glycerides used in soap-making,
have the following formulee :—

. C,;H50,
Olein, C,H,q C)H,,0,

Stearin, C,H, CwHuO.,
*lo CisH30,
IOHSX 2

Palmitin, c,H,{C..,HmOa
16223172

Laurin, C;HQ{C:QH:O;
CoHL0,

Linolein, c,H‘,{CEH:O:
[

181312
Oils and fats are mixtures of these and other glycerides.

Some contain only two, others a much larger number. It
will be more convenient to state the composition when deal-
ing with each individual oil and fat.

When the glycerides are boiled with caustic soda or caustic
potash (sodium or potassium hydroxide), the stronger base
combines with the fatty acid to form a soap, while the
glyceryl combines with the hydroxyl to form glycerine, as
illustrated by the following equations : —

5
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CuH,,O,l OH
C,H,{C,.H,,O, + 8NaOH = C,Hj {OH} + 8NaCH,40,.
CisHz0,) OH
Olein. Sodiam Glycerine. Sodinm oleate
hydroxide. (hard soap).
C1sHy 0, ) OH
C,H, {C,,H_,,O,} + 8KOH = C,H; {OH} + 8KC,gHy;0,.
1890 Vs OH
Linolein. Potassinm. Potassium linoleate
hydroxide. (soft soap).

These two equations, with, of course, any necessary altera-
tions, represent the action of sodium and potassium hydroxides
on all fats and oils. The process is termed saponification,
and on the principle here given the operation of soap-making
is based.

Chemists perceive in these reactions the principle of the
separation of a glyceride into its two approximate components,
glycerine and acid, and as this can be brought about by other
means, as by the agency of superheated steam when the
bodies are directly formed, they include under the term
saponiﬁéation any process which splits an oil up into glycerine
and fatty acid.

OCCURRENCE OF ANIMAL AND VEGETABLE OILS AND FATS.
. 1. ANIMAL FATS.

In the animal body are comparatively large deposits of
fatty matter. Nearly all the internal organs are covered
with a coat of fat. In and about the joints of the bones
deposits of fat occur. The muscles are also separated from
one another by layers of fat. In some cases these deposits
of fat are of particular note. This is the case with what is
known to anatomists as omentum of animals, a layer of fatty
matter which covers the intestines, known commonly by
various names—** leaf ” in the case of the pig, *“skin” in the
case of sheep and oxen. The bodies of whales and seals are
covered with a thick layer of fat known as the ‘‘ blubber ™.
The fat occurs in the animal body enclosed in small cells of
animal tissue in a liquid condition, so that it does not inter-
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fere with the motions of the body. It is maintained in this
liquid condition by the natural heat of the body. When the
animal dies the body becomes cold, and the fatty matter sets
into a solid mass, to which circumstance is due the stiffness
or mgor mortis of dead bodies.

The purpose of fatty deposits in the animal kingdom is
threefold. First it preserves, especially in the case of the
omentum, the internal organs from injury and serves to lubri-
cate them in their various motions. It also serves as a store
of warmth for the body and as a store of food.

2. VEGETABLE OILS AND FATS.

In the vegetable kingdom oils and fats occur in a variety
of ways. All seeds contain oil to a greater or less extent,
some as much as 60 per cent. This oil acts as a food for
the young plant until it reaches such a period of its growth
that it can extract its sustenance from the earth. The pulp
of certain fruits, e.g., olives, oil-palm nuts, contains a good
deal of oil. The vegetable oils here referred to are those
fixed or fatty oils, and not the essential oils, to which in
many cases any particular odour or taste of the plant is due.

EXTRACTION AND PURIFICATION OF ANIMAL AND
VEGETABLE OILS AND FATS.

Tt is obvious that as the circumstances under which any
particular animal or vegetable oil occurs are so varied the
methods adopted for the purpose of extracting them must be
varied also. A process which will work well with, say, the
fat of the pig, would not suit the blubber of the whale or the
oil from the olive. Space will not permit of a very extended
description of all the processes which have been devised for
the extraction of animal and vegetable oils and fats; but of
those which are in common use a full description will be
given, while other processes of only special interest will be
noted in outline.
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1. ANIMAL FATS AND OILS.

The operation of extracting the animal oils and fats,
such as tallow and lard, is generally known as ““rendering ”.
It may be carried on in various ways. The principle which
underlies all the methods is that of liberating the fatty
matter from the animal tissue in which it is enveloped by
means of heat. This causes the fatty matter to swell, and
in so doing it bursts the envelope of tissue and is then
ready to flow away. We may carry this operation out by:
1st, direct heat; 2nd, boiling in water; 3rd, steam under
pressure. '

ReNDERING BY DirecT HEAT.—The housewife renders
her lard or suet by placing the rough fat in a tray or dish
in the oven. It is scarcely possible to adopt quite so simple
a system on the large scale, although one or two plans
which will be described very closely resemble the house-
wife's primitive method.

A simple method' occasionally adopted is to heat the
rough fat in a large boiler over the fire. The contents of
the boiler are kept continually stirred, and when it is con-
sidered that the fat has been freed from the tissue, the fire
is withdrawn and the fat drawn off into a separate receptacle.
This method, though simple, is open to several objections.
If great care be not taken there is a liability to char the fat
or tissue, the fat thereby acquiring a discoloured appearance
and a burnt odour. Not only so, but bad odours are liable
to be given off during the operation which are also objection-
able, -

A much better plan of rendering fats by dry or direct
heat is illustrated in figure 3. A large chamber is built of
such a size that a workman can conveniently enter it. In
this are arranged on each side rackwork shelves placed in
an inclined position towards the centre of the chamber. On
the floor of the chamber are a number of steam pipes for
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the purpose of heating the chamber to any required degree.
The fat is cut up into small fragments by means of a minc-
ing machine, and spread in layers on metallic trays, which in
turn are placed on the shelves in the chamber. At the lower
end of each tray is an opening to permit of any fat running
out into gutters, which are arranged for the purpose, these
gutters conveying the fat into a storage tank placed in a

F16. 3.—Tallow Rendering Chamber.

suitable position. When all the shelves are filled with trays
of fat the door of the chamber is closed, and steam sent into
the pipes, whereby the chamber is heated to from 130° to
140° F. At this heat the fat melts and runs out. When it
is seen that no more fat is being obtained the steam is
stopped, the melted fat in the trays is allowed to run out
and the residual tissue removed, and the trays filled up for
another rendering. As the residual tissue still contains some



70 SOAP MANUFACTURE.

7 or 8 per cent. of fat, it is sent to another pan for the pur-
pose of extracting this residual fat. The advantage of this
process, which has been devised by Messrs. Cook & Hall
of the East London Soap Works, is that it yields a fat of
very pure quality. On the other hand, it is rather more
costly to work than some other processes. There is the
labour of mincing the rough fat and filling it into the trays.
The cost of heating the chamber is rather high, while the
yield is not so great. A better price is however obtainable
for the fat.

Fia. 4.—Merryweather’s Fat Rendering Plant.

Messrs. Merryweather & Sons have devised a plant for
the dry rendering of rough fats by superheated steam where-
by the overheating of the fats is avoided. This consists of
three parts; First,a double-cased or jacketed boiler in which
-the fat is heated, the steam being sent into the space be-
tween the two pans; second, a superheater which is heated
in a suitable furnace for superheating the steam ; and, third,
a steam boiler. This apparatus is very efficient in use. It
is shown in figure 4, where H represents the fat pan; B
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the steam boiler; A, the superheater, consisting of a number
of n shaped pipes in.a furnace; D is the steam pipe; C, the
chimney. In all the dry systems of rendering fats there is
left behind the animal tissue, or, as it is called, the ‘ greaves
or cracklings”. With the best system of rendering the fat,
these always contain a certain proportion of fat which it is
desirable from economical motives to recover. This may
be done in several ways.

One of the most common methods of recovering the fat
from greaves is by subjecting them to pressure in a press.
One very convenient press for this purpose is the Boomer
Screw Joint Press.

A convenient form of this press is made for fat renderers.
It consists of a round table with corrugations, and provided
with a lip from which the pressed fat can flow. This is sup-
ported on a strong iron casting. On the table is fitted a cask
made in two halves working on a hinge, with the object of
enabling it to be readily discharged. A plunger connected
with the screw gear fits the cask. The Boomer press has a
right- and left-handed screw, the nuts working on which are
connected with the press plunger ; the revolution of the screw
causes the nuts to travel inwards, and thus by a knuckle joint
force the plunger downwards with some force. The greaves
or cracklings while still hot are placed in the cask and the
press brought into action. The fat is pressed out, while the
residual greaves are collected and sold for dogs’ food or for
manure. '

RENDERING BY BoiLiNé WATER.—A very old plan of
rendering tallow is to boil it in an open boiler set in a fireplace
like an ordinary household washing boiler along with water.
The heat of the boiling water causes the fat to expand and
melt and flow from the greaves. Being lighter than water,
it collects on the top of the boiling water, and should be
skimmed off from time to time. The greaves fall to the
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This consists of a steam boiler placed vertically as shown,
and supported on flanges near its upper portion. The rough
fat is fed in through a manhole, M, placed on the top of the
boiler, on which also is a safely valve, S. In the bottom is
placed a perforated steam coil, C, connected with a steam-pipe
and valve, V. In the side of the boiler are placed two gauge

— |
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T

F16. 6.—Steam Fat Boiler.
or flow-out taps, T, K, lower down is placed a large valve, R,
for running off the melted tallow, while at the bottom of the

boiler is another valve, T, for running off the water, etc.
This boiler is used in the following manner: The crude

fat is broken up into small pieces, and fed into the boiler
through the manhole, which is then closed. Water is then
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steam, run off all the contents of the boiler into a tank, and
there allow the fat to settle out and solidify, when it can be
removed.

By using such a plant, a larger quantity of fat can be
rendered in & given time; there is less chance of objection-
able odours arising, and the yield of rendered fat from the
crude material is better.

The apparatus previously described is constructed to
render the fats at the ordinary pressure, or at all events at
but slightly increased pressure. By employing boilers which
are constructed to work at a higher pressure, some advantages
are secured ; the nitrogenous tissue is more completely gela-
tinised, therefore the fat is better separated from the tissue,
and so a greater yield of better quality is obtained. Figure
7 represents such an apparatus, which may be built of any
required size; in some cases they are constructed of a ca-
pacity of 10,000 gallons. As will be seen from the drawing,
it consists of an upright boiler, fitted on the top with a safety
valve, manhole for charging, and a stuffing box, through
which passes the rod of the discharging orifice or valve.
There is a false bottom. Between the two bottoms is a steam
coil connected by valve and pipe with an ordinary steam
boiler. In the bottom is a discharging orifice, which is kept
closed by a plate valve worked by a rod passing through the
top of the boiler. In the side of the boiler is placed a number
of draw-off cocks, extending from near the bottom to about
half-way up, while near the top is a testing cock.

The apparatus is used in the following manner: The
discharging valve is closed, and rough fat is thrown in through
the manhole until the boiler is filled to within about 2} feet
from the top. The manhole is then closed, and steam sent
in until a pressure of 45 to 69 lb. is attained. Generally a
good deal of condensation of the steam occurs, and much
water is formed, which collects at the bottom of the boiler.
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From time to time the top cock is opened. If live steam
escapes the boiler is working right; if however fat comes
out, then it shows that the boiler is too full, and that water
must be drawn off from the lowest cock. This is done from
time to time during the progress of the operation. After
about twelve to fifteen hours’ steaming, the steam supply is
cut off, the pressure is relieved by opening the safety valve,
and the contents of the boiler allowed to settle. When well

F1a. 8.—Bone Boiler.

settled the water is run off, while the tallow is run into
storage tanks. The aqueous liquor contains a good deal of
nitrogenous matter, and it may be collected and used as
manure. Working with this apparatus, there is a fairly
good yield of fat or tallow from the crude material.

BONE TALLOW.

Bones contain a good deal of fatty matter, which it is
necessary to extract before the bones can be used for other
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purposes. This bone fat, or, as it is commonly called, bone
tallow, is very largely used in making soaps, especially soaps
which are to be used for industrial purposes. The simplest
plan is to adopt a boiling process in open vessels, but such
a plan is open to great objection on account of the nauseous
odours which are developed, therefore it is better to render
bone tallow in closed vessels by steam.

Such an apparatus for the purpose is shown in figure 8,
and is constructed by Mr. W. M. Fuller. It consists of
a boiler measuring about 6 feet by 3 feet 6 inches, fitted
with hinged covers at both ends, both of which can be
tightly closed by means of suitable nuts and bolts. There
are also provided steam connections and draw-off cocks.
A charge of about 46 cwt. of bones is put into the boiler
through the upper door, which is then closed. Steam at
about 50 to 60 lb. pressure is then introduced, and kept
ap for about forty minutes, when it is shut off; the excess
steamn being run into a condenser. The contents of the
boiler are now allowed to settle for half an hour, when the
fat is run off through a cock at the bottom of the boiler.
The bones are drawn out by opening the bottom of the
boiler and allowing them to drop on the floor. This boiler
extracts more fatty and gelatinous matter out of the bones
than do most other modes of treatment, while the bones
are in a better condition for being converted into manure,
being freer and therefore more friable.

In figure 9 is shown a complete plant for the boiling and
crushing of bones, as constructed by Mr. Fuller. B is a
crushing mill to break up the bones prior to their being
placed in the bone boilers, E, E, the crushed bones being con-
veyed to. them by means of elevators; d, d are the tanks to
receive the liquor from the bones, which are passed on to the
crushing and sieving mill, F, where they are crushed and
sieved prior to being sent out as bone meal.
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Other plans of treating bones have been devised. It is
quite possible that no two bone-boiling establishments are
arranged alike in their plant for extracting the fat and
gelatine from bones.

In one works they boil the bones in pans over a fire.
The pans are fitted with covers. Each pan communicates
by a flue with a large iron condenser, in which all the matter
which is capable of condensing collects and flows away into
suitable receptacles. Anything which is uncondensed passes
into a flue and away into the atmosphere. It would .be
better to conduct all gases to the fireplaces to burn up all
that is combustible.

In another works they use a bottle-shaped boiler, and
heated by steam, both the fat and the gelatine being
recovered.

The processes described above are applicable for the
extraction of all kinds of animal fats, and are those usually
worked. In some cases a special process may be adopted
for special fats ; any such will be found described under their
respective fats.

2. VEGETABLE OILS AND FATS.

There is a greater variety in the methods of extracting
oils and fats from vegetable sources than from animal
sources. The method generally followed is to extract the
oils by pressure, in some cases at the ordinary temperature,
in others at a higher one. Some vegetable fats are ex-
tracted by a process of boiling with water, as in the case
of animal fats, while the property of such bodies as car-
bon bisulphide, benzoline, benzol, of readily dissolving oils, is
taken advantage of for obtaining vegetable oils by a solvent
process.

EXTRACTION OF VEGETABLE OILS BY PRESSURE.—The
process of extracting vegetable oils by pressure is a very
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ancient one, and it is the one commonly followed by people
in a low state of civilisation. TLike many other methods
it has undergone many changes and developments from
the earliest times to the present. It is not intended here
to enter into a discussion of the changes which have
taken place; attention will rather be given to the methods
now in use in this country. If any reader desires to know
something of the older methods he is referred to Chambers’s
Encyclopeedia or to Spon’s Dictionary of Engineering.

There are two chief methods of pressing oils in use in
this country; the oldest is generally known as the English
system, the newest as the Anglo-American system.

The ENcLisE SYSTEM of oil pressing takes place in
several stages as follows:—

First, Crushing.

Second, Grinding.

Third, Heating.

Fourth, Pressing.

Fifth, Refining.

The refining of the oil obtained by carrying out the first four
operations is the same as in other processes of extracting
oils, and will be considered later on.

First: Crushing.—Prior to being submitted to the various
operations enumerated above, the seed or other material
is first subjected to a cleaning process to free it from dirt,
foreign seeds, etc., which have got into it and which might
interfere with the proper carrying out of the various opera-
tions or with the quality of the oil which is obtained. These
cleansing processes consist essentially of winnowings and
sievings through various sizes of sieves. Kven with all the
care that may be taken it is impossible to completely free oil
seeds from all other foreign seeds, so that commercially it is
doubtful whether an absolutely pure oil exists.

The crushing mills consist of an horizontal frame in
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which are fixed two rolls; one of these is about four feet in
diameter, the other one foot in diameter. The larger roll is
the driving roll, the smaller one revolving by friction against
it. The two rolls are caused to press against one another
with some force by means of screws and springs working
against the bearings of the rolls. The seed is fed into a
hopper which delivers it between the pair of rolls, in its

Fi6. 10.—O0il Seed Crushing Mill.

passage through which it becomes crushed. A mill will
crush about 4 tons of seed in a working day of ten hours. It
is obvious, however, that the quantity a mill will do will
vary with the kind of seed and other circumstances. It is
usual to run the mill at such a speed that the large roll makes
fifty-six revolutions per minute. One of these crushing mills
will keep two ordinary-sized p(;‘esses at work.
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5 feet in diameter and 2 feet 6 inches deep. They are usually
jacketed so that they can be heated by steam up to a tem-
perature of 160° to 170°. There is also an arrangement for
sending steam into the inside of the kettle among the seed
which is being treated. This is very important, as the
heating in the kettle tends to dry the seed, and dry seed does
not give a good yield of oil. The time of heating varies
somewhat according to circumstances, but usually is about
twenty to twenty-five minutes. The kettle is always fitted
with an agitating apparatus to ensure that every portion of
the seed is uniformly heated. One kettle of the dimensions
given above will keep four presses at work capable of turn-
ing out 6 tons of cake in a day.

The previous operations are purely mechanical in their
effects, being designed to get the seed into the best possible
condition for yielding all the oil it contains. The heating in
the kettle has a combined mechanical and chemical effect.
The heating more completely breaks up the cells, and thus
results in a more ready separation of the oil; while at the
same time it leads to the coagulation of the albuminous and
other matters present in the seed, and so prevents them from
being pressed out along with the oil. It is the great object
in o1l pressing to obtain an oil as free as possible from ex-
traneous vegetable matters, the presence of which in oil
brings about its decomposition sooner than would otherwise
be the case.

Fourth : Pressing.—After being heated, the hot seeds are
placed in strong bags made of canvas, the usual amount in
each bag being 8 Ib., or sufficient seed that after pressing
the oil out there remains a cake weighing 8 Ib. The bags
are next enclosed in woollen covers, and are then wrapped
again in what are called ‘hairs,” which are strong cloths
made of horsehair. The cakes of seed are now placed be-
tween the plates of the press and subjected to pressure.
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Beyond such primitive methods of pressing oil as have
been in existence and still are in use by uncivilised people,
there have been three kinds of press in use :—

First, Stamper and Wedge Press.

Second, Screw Press.

Third, Hydraulic Press.

The first and second have almost gone out of use, while now
only hydraulic oil presses are made. A few words descriptive
of them will however be useful.

The Stamper and Wedge Press.—This old form of oil
press consists of two portions. A cast-iron box, long,
narrow, but deep, is provided. At one end is placed a
perforated iron press plate; against this is put the bag of
seed ; next comes another press plate, followed by a piece of
wood thicker at the bottom than at the top; then comes the
wedge, followed by a similar piece of wood to the foregoing.
The other end is fitted up in the same way. Between the
two sets is what is known as a key arrangement, consisting
of three pieces, two pieces thicker at the bottom than the
top, with an intermediate piece, the key, shaped like an in-
verted wedge. The whole of this arrangement constitutes
one part. The other portion consists of two hardwood
stampers, which can be made to alternately fall upon the
wedges with some force, thus driving them further in and
causing them to press the seed with some amount of pressure,
forcing out the oil it contains. After falling on the wedge
the stamper is raised up ready for another drop. When it
is considered that all the oil has been extracted, a stamper
is allowed to fall upon the key, which loosens the whole
arrangement so that the bags of pressed seed, the oil cake
as it is now called, can be withdrawn. The oil flows into
a receptacle in the lower portion of the box, from whence
it is transferred to a storage tank. It is obvious of course
that the production of oil in a stamper press is a limited
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kettle, it is sent into a moulding machine. This machine is
shown in figure 14. The moulding machine is one of the
novel features of the Anglo-American system. Its object is
to ensure uniformity in the size of the cakes of seed, to mould
it by a gentle pressure into a level cake, so that the press is
not subject to any undue strain due to inequalities in the
cakes, while there are secured a greater output from the presses
and a better yield of oil. The hot seed is allowed to fall
from the kettle into a measuring box, which always ensures

J
F1e. 14.—O0il Cake Moulding Machine.

a uniform quantity of seed being used. A tray covered
with a sheet of woollen cloth is next placed on the table of
the moulding machine and surrounded by a frame. Into
the mould thus formed the seed is placed, and formed into
a smooth cake. The tray and its contents are then pushed
under the die of the moulding machine, when a cam is brought
into action, and the die caused to fall upon the seed and com-
press it to a thickness of 3 inches, or even less; the pres-
sure being maintained for about half a minute, when the die
rises and the cake of seed is removed and sent into the
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detail since it was first applied to the pressing of oil; but it
is not intended here to give any historical sketch of these
changes, as space does not admit of it.

Figure 15 shows the latest form of hydraulic press for oil
pressing, without the pumps which ars necessary to work
the press. The hydraulic press consists of a very strong
cast-iron foundation, in which works a ram connection with
a strong iron movable plate. This plate moves up and down
between stout iron standards, which also form supports for
a very strong iron casting. Between the movable bottom

F16. 16.—0il Cake Moulds.

plate and the top are arranged a number of corrugated iron
plates which receive the cakes of seed to be pressed.

The cakes of seed as they come from the moulding
machine are placed in a pair of iron covers like a book back
(see figure 16), and into the press. This does away with the
hairs which were used in the old system, which are very
expensive to use owing to the damage which the press does
to them in breaking them. The press may be made in
various sizes to suit the particular requirements of the oil
miller, from a small press capable of pressing four cakes at
once to one taking twelve to fourteen cakes.
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Two sets of pumps are usually supplied with each
press, one to give a pressure of about 700 to 800 lb. per
square inch, while the other set will give a pressure of 2
tons.

At first the lower pressure is applied for about fifteen to
twenty minutes, during which the great bulk of the oil will
flow out. Then the higher pressure is put to complete the
extraction of the oil, which will take a further five to ten
minutes. The oil flows out of the sides of the cake into the
corrugations on the iron plates and into channels which are
provided for it to flow away to a storage or receiving tank
placed about the base of the press.

Usually from two to four presses are included in one oil
plant, as the other portions of the plant are quite capable of
keeping more than one press at work.

It is obvious, of course, that the output from the oil press
will vary very considerably owing to the varying size of the’
presses and also of the seed which is being pressed. For,
while a press can work through five charges per hour of
linseed, it will only do three of rape seed and four of cotton
seed in small-sized presses. Larger presses, working perhaps
250 to 320 lb. of seed at one charge, will work through
three to four charges in three hours. The size of the cake
of seed also varies with the size of the press.

As a rule seeds are only passed once through the press,
but there are a few, such as rape and gingelly seed, which
are crushed twice, the cake obtained in the first pressing
being reground and reheated with a little additional water
before being again pressed. Further, what was orginally
pressed in two presses is spread injthe second pressing over
three presses. -

Some o1l seeds, castor seeds, cotton seeds, arachis seeds,
etc., have a very hard shell, besides being of large size. It is
necessary for the better extraction of the oil that the shell or
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husks, and at C the white kernels ready for the crushing
mills.

There is, of course, a great difference in the quantity of
oil which is yielded by different seeds. It is found prefer-
able in the case of seeds which give but poor yields to use a
smaller quantity of seed in each charge than is done with
seeds which are rich-in oil.

In some cases, such as castor and olive oils, the seed is
subjected to two or three distinct crushings, yielding oil of
several qualities. First the seed is crushed cold, when what
is known as “cold drawn ” or ‘“ virgin oil” is obtained ; then
the seed is heated and reground, when what is called “ second

F1a. 18.—Castor Seeds.

pressure” oil is obtained; finally, the seed is warmed with
water and again pressed, when a third quality of oil is ob-
tained.

In the case of oils which, like coconut and palm-nut oils,
are solid at the ordinary temperature, it is customary to heat
the presses so as to make the oils fluid. In winter, too, it.is
desirable to work with heated presses.

The oil cake after coming from the press is passed to a
paring machine, where the edges are trimmed to make the
cake rather more presentable and therefore more marketable.
The parings are sent back to the crushing rolls to be worked
through with the next batch of seed.
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PRINCIPAL VEGETABLE OILS AND FATS.

T 1 - i
Name of Oil, ete. ] Botanl;xl;‘lmlxme of Native Country. Perceg:agiel.\leld !
Almond . . . ;Amygda.lus com- Méditemnea.n . 48 to 50
| munis ountries |
I Arachis (Earth- | Arachis hypogea . . | India, Western | 438 to 45 (50)
nut, Pea-nut, or Africa
Ground-nut) ' '
Ben. . . . .|Moringaoleifera . . India, Egypt . | 85 to 36
Castor . . . . |Ricinus communis . ] East Indies . . American,46to49
Indian, 51 to 53
Coconut . . . Cocos nucifera . . | Tropical Coun- | 40 to 45
! .tries
Colza (Rape). . Brassica campestris; ‘ Europe . . .;83to43
i B.napus; B. rapa; | I !
B. napobrassica | i
Cotton Seed . . | Gossypium  herba- | Asia, Africa, | 24 to 26
ceum . America
Laurel Butter . | Laurus nobilis. . .:South Europe .'24 to 26 f
Linseed . . . Linum usitatissimum| Europe, Asia . |88 to 40
Maize . . . . 'Zeamais . . . . America . . . 6tol0
Mustard  Seed ]Sinapis alba . . . I Europe . . . 25t026
i (White)
! Nut (Walnut) . Juglans regia . . . I Persia,Himalaya 63 to 65 )
Niger (Ramtil) . , Guitia oleifera. . .| Abyssinia, India 40 to 45 '
I Olive . . . . Olea Europea . . . Southern Europe }l?;lp,e ]40 ltg :5015
roels. 12 to
| Palm . . . . Elais guineensis . . ] West Africa. . Pulpor Pericarp,
| " 65 to 72
' E. melanococca . . |South America. Kernels, 45to 50
| Poppy Seed . . | Papaver somniferum | Asia Minor . . wlue, 48 to 50
rite, 41 to 45

. Sesame (Gingelly) Sesamum indicum . India, Levant, 50 to 57
i Antilles. etc.
. Sunflower Seed . I Helianthus annuus . | Mexico, Peru . 21 to 22

REFINING AND CLARIFYING OILs.—The oils as they
come from the oil press are usually cloudy in appearance,
contain much colouring matter, moisture and extraneous
vegetable tissue, from which it is desirable they should be
freed.

The oil as it comes from the press should be run into
large tanks, which are kept at about 100° F., in which it
is allowed to remain for some time. The water and solid
vegetable matter settle down, leaving the oil bright and
clear. This process is however a slow one, and the oil
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foots obtained. From time to time the testing and draw-off
cocks are opened, and when the oil appears clear enough the
bottom draw-off cock is opened and the clear oil run off, the
foots being then run into a separate vessel, and the tank is
ready for another batch of oil. These tanks are made to
hold 250 or 500 gallons cf oil.

Sometimes oils are clarified by adding to them from 5 to
10 per cent. of their weight of fuller’s earth, heating the
mixsare to about 150° F., and maintaining it at that heat for
half an hour to an hour, stirring well all the time. Then the
oil is allowed to stand for about twenty-four to thirty hours
to settle out. The fuller’s earth carries down with it all the
impurities in suspension, and at the same time exerts a more
or less bleaching action on the oil. The same quantity of
fuller's earth may be used several times, especially if its
function is simply that of a clarifying agent. Where how-
ever it is employed as a bleaching agent, it must be replaced
with fresh material from time to time. The fuller's earth
absorbs a large proportion of oil, which should be removed by
treatment with benzoline or benzine before it is thrown
away.

Where large quantities of oil are to be dealt with, it is a
good plan to use fuller's earth combined with a filter press.
The oil is heated with 2 to 3 per cent. of its weight of fuller’s
earth, as described above; then the oil is sent through a
filter press, which removes the earth and the solid impurities
in the oil. Special forms of filter press are made for dealing
with oils.

Figure 20 represents a filter press made by Dehne of
Halle, which is well adapted for pressing oils. These
filter presses are casy to use, while they are efficient in
operation.

Tt is quite possible when using a filter press to render
oils, while not quite perfect, yet sufliciently so to be market-
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virtue depends on the fact that the extraneous vegetable
matters found in crude oils are more easily acted upon by
the acid than is the oil itself. Too much acid must not
however be used, or otherwise there is risk of it acting on
the oil and thus leading to loss. The usual plan of treating
the oil is to place it in a suitable receptacle, a copper tank
or iron pan, which should either contain a steam coil or,
better still, be jacketed ; means of agitating the oil and acid
together should be provided, which may take the form of a
mechanical agitator, or a current of air may be blown in
during the operation. It is advisable for the bottom of the
tank to be made conical for the purpose of a more effectual
separation of the oil and acid, and a tap provided at the
bottom of the cone for the purpose of running off the acid
which collects. Many modifications of the process have
been published from time to time. It will however be found
hat the details will have to be varied according to the oil
which is being treated. Some oils come from the presses
much purer than others. Such oils will require a less severe
treatment than those which contain a large proportion of
vegetable matter. Sirong sulphuric acid should never be
used ; its action is too severe, and cannot well be controlled.
It is always advisable to use a mixture of sulphuric acid and
water—the proportion may vary according to the oil which is
being treated—1 of acid to 1 of water is a very good ratio,
while some oils may require an even weaker acid than this.
Hartley recommends for linseed oil 1 of acid to 2 of water;
if the oil be very impure, then the ratio 2 of acid to 1 of
water may be used.

The oil to be treated is run into the tank and heated to
about 110° to 115° F.; the latter temperature should never
be exceeded, while it may happen that lower temperatures
than 110° F. may be used. Then the mixture of oil, acid,
and water is added, with constant agitation and in a slow
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stream, to the oil. The proportion used must vary according
to circumstances, and sometimes 1 per cent. of strong acid
will be sufficient, in other cases 3 per cent. may be used.
The last-named quantity should, however, not be exceeded.
It would be better to give the oil two treatments with a
smaller proportion of acid. The oil and acid are thoroughly
stirred together for about half an hour, then the mass is
allowed to rest for twenty-four hours. At the end of this
time 6 or 7 gallons of warm water at 150° F. for every 10
gallons of oil treated are mixed with the oil, and then the
mass is allowed to stand for some days until a perfect separ-
ation of oil and acid liquor takes place. The oil is drawn
off and washed again with water to free it from all traces of
acid. The acid ‘“foots,” as they are called, are run away.

This method of refining is applicable to almost all seed
oils, and is largely used in connection with linseed oil, rape
oil, colza oil, nut oil, and also with fish oils. If it be used
with any oils intended for lubricating machinery, it is neces-
sary that the oil should be well washed with water to free
it from all traces of the acid used in refining, which, if left
in, might have a deleterious action on the metal of the bear-
ings to which it is applied.

The acid treatment will not affect any free fatty acid
which the oil may contain; any such will be left in the oil
after the treatment is finished.

It has been recommended to use a strong solution (100°
to 130° Twaddell) of zinc chloride, using from 1} to 2 per
cent. of the oil. This has no action on the oil itself, but it
dehydrates it and coagulates all albuminous and vegetable
matter the oil contains. It costs more to refine oils by zinc
chloride than by sulphuric acid.

REeFINING OiLs BY CausTic Sopa.—A good many oils
are refined by using caustic soda, in fact some, cotton-seed
oil for example, cannot well be refined by other means, while
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to obtain certain qualities of oil an alkaline treatment to
free the oil completely from acid constituents is necessary.
Colza oil, for instance, is much used for illuminating pur-
poses; if it contains any notable proportion of free acid it
i8 rendered unsuitable for this purpose, hence an alkaline .
refining process must be used with colza and other burning
oils.

Alkaline processes not only free the oil from extraneous
vegetable matter, but they remove any traces of resin, acid
and colouring matters which the oil may contain, leaving a
perfectly neutral and pure oil. Greater care is required in
carrying out an alkaline process than is required for an acid
process. This is due to the fact that, while the acid has no
" material action on the oil itself, and therefore little loss is
likely to take place, the alkali has some action in the direc-
tion of saponifying the oil, and thereby a loss may occur.
On the other hand, while the foots obtained with the acid
treatment are useless, those obtained from the alkaline pro-
cess may be made use of.

The process is comparatively simple. The oil to be
treated is run into a suitable vessel ; an iron tank serves very
well. The requisite quantity of caustic soda lye is added,
and the whole thoroughly agitated together for some time
and then allowed to settle, an operation which may take
some time, when two layers will form, one of a watery fluid
containing much soapy foots, the other of clear oil. The
watery fluid is drawn off into a tank, fresh weak alkali is
run in, and the mass treated as before, after which the puri-
fied oil is well washed with water to free it from alkali.

The strength and proportion of alkaline solution used
will depend upon the character of the oil to be treated.
With all ordinary oils a lye of 8 to 12° Twaddell may be
used. Crude cotton-seed oil requires a stronger lye, one of
from 15° to 20" Twaddell, while coconut oil can be refined
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with a lye of about 5° to 6° Twaddell. The quantity used will
depend upon the amount of acidity of the oil which is being
treated, the quantity of resinous matter it may contain, and
the amount of colouring matter. Hence few rules can be
given as regards quantity of alkali to be used. Generally
4 to 1 per cent. of caustic soda will suffice.

Occasionally trouble arises from the formation of emul-
sions which prevent the proper separation of the oil from the
alkaline liquor. When this happens it is best to add a little
solution of salt, sufficient to throw out the oil.

In some cases the oil has been treated with soda crystals
melted by heat in their water of crystallisation. After being
well mixed the mass is allowed to stand, when, as a rule, it
easily separates into three layers, one of oil, the second of
soapy matter, and the third of watery liquid.

‘When the oil is fairly free from mucilaginous matters,
and is of poor quality in consequence of its containing much
free fatty acid, this may be removed by agitating the oils
with a weak solution of caustic soda or of carbonate of soda,
but usually it will be found easier to treat them with milk
of lime or with magnesia, followed by filtering from the lime
or magnesia soaps which are formed.

0il Foots.—In the alkali method of refining oils a large
quantity of “foots” is formed. These may be utilised in
various ways according to their character. One very good
method is to work them up for soap-making in conjunction
with other fats. Cases however occur where, owing to their
being strongly coloured as in the case of cotton oil foots, this
cannot be done. The best plan of dealing with such is to
decompose the foots by weak sulphuric acid and distil the
liberated fatty acids, etc. There is then obtained a distil-
late containing glycerine (from any undecomposed glyceride
which may be present in the foots) and fatty acid. The resi-
due in the retort takes the form of * pitch,” and will consist
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of the resinous matter present in the foots. The fatty acids
which are obtained are not quite pure, but contain small
quantities of hydrocarbon bodies produced by decomposition
of the fatty matter by the heat employed in distilling.

Other processes for refining oils have been devised, but
those just described are what are in common use in oil
refineries.

BLEACHING OF FATS AND OILS.

As obtained by the processes described above, the oils
and fats are often more or less coloured. In vegetable oils
this colour is necessarily due to the presence of natural
organic colouring matters, chlorophyll, erythrophyll, etc.,
present in solution in the oil. Linseed oil, brown rape oil
and palm oil are examples of such oils which are strongly
coloured. Very often in the processes of refining, such as
have been described above, a large proportion of the colour-
ing matters is removed, but traces of them will remain in
the refined oils. Animal oils and fats are usually free from
colour. Any such that may be present is generally due to
exceptional circumstances.

There are a number of ways by which the colour can be
removed from oils. A process which may give good results
with one oil may not do so with another. In some cases it
is sufficient to agitate the oil at a temperature of 120° F. with
animal charcoal, followed by filtration. ‘Blowing hot air
through will in some cases (palm oil) destroy the colour.
Air and light bleaching are sometimes resorted to, but in
some cases it 18 necessary to make use of chemical reactions.

BLEACHING BY Hor AIR.—By blowing a current of hot
air at about 130° F. many fats and oils can be decolorised.
Tallow, lard, and palm oil may be treated in this way. It is
not desirable that the action should be prolonged, or other-
wise there is some risk of the oxidation of the oil. It is
important that the air should be dry.
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Figure 21 is a drawing of an apparatus made for bleach-
ing palm oil by air devised by Messrs. Korting Bros. This
consists of & cylindrical vessel of any convenient size to suit
the quantity of fat that is being treated. K is a closed
steam coil by means of which the fat can be heated up to
any required degree. E is a tube open at the top and ter-
minating in a ring at the bottom inside the vessel, this ring
having perforations. H is a draw-off valve. C is an injector
worked by steam which enters at A, B is the regulating valve.

1

Fia. 21.—Apparatus for Bleaching Palm Oil.

By the action of the injector air is drawn from the upper
part of the vessel and therein creates a vacuum which is
filled by air being drawn in through E from the outer atmo-
sphere and which rises in bubbles through the fat, bleaching
it. The operation is comparatively simple and is continued
until & sample of the oil drawn from H shows that the
bleaching has been carried far enough. It may be mentioned
that the top of the vessel is fitted with a tight-fitting cover
so that it may be hermetically sealed up.

BI1CHROMATE oF PorasH PRocEss.—Watts has devised a
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process for the bleaching of oils by means of bichromate of
potash, which is largely used, especially for bleaching palm
oil. It is carried out in the following manner: The oil to be
- bleached is heated at about 120° to 130° F., then a quantity
of bichromate of potash, about 22 to 28 lb. per ton of fat.
previously dissolved in a little water and thoroughly mixed
with the fat, then hydrochloric acid to the extent of about 2
or 2} per cent. of fat is added and also thoroughly mixed
with the material. In the case of bleaching palm oil, the
reddish orange colour changes first to a brownish green, and
finally to a light green, the entire operation only taking a
few minutes. Wet steam is now blown through for a few
minutes, and then it is allowed to stand for some hours.
The bleached oil is separated out and is skimmed off, and
then washed with clean water to take out all traces of acid
and chrome. Instead of hydrochloric acid, sulphuric acid
may be used, but it does not give good results. This process
can also be used for other fats and oils.

CHLORINE PRrocEss.—Chlorine is a powerful bleaching
agent which may be employed for the purpose of bleaching
fats and oils. It is necessary, however, that great care
should be taken in using it on account of the fact that
chlorine is a colouring agent in oils and fats, excess result-
ing in the formation of products which have deleterious
effects upon them. The most convenient plan of working
is to mix the fat with a solution of bleaching powder, using
about 2 Ib. to 1 ton of fat or oil, then about three times
the quantity of hydrochloric acid is added, and the whole
stirred together ; then the mixture is allowed to settle, the
fat taken off, and the acid liquor run away. One advantage
of the chlorine process is that it acts as a deodoriser to ran-
cid fats. In the case of fats and oils which are strongly
coloured, it is advisable to give them two treatments rather
than to attempt to bleach them at one operation. ’
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In place of using bleaching powder there may be em-
ployed potassium chlorate at the rate of 2 to 4 lb. per ton
of fat; about twice the quantity of hydrochloric acid is
added, and the operation done at a temperature of 150° F.

SuN BLEACHING.—This is commonly carried out by ex-
posing the oils and fats in colourless glass bottles to sun-
light. From time to time the oil or fat is poured from one
bottle to another with a view to exposing fresh portions to
the action of the sunlight. This method is slow but is
often employed, especially for castor and other oils used for
medicinal or food purposes.

The processes above described are those which are
commonly employed in bleaching oils and fats. Different
refiners, however, have various modifications of different
processes, which they have found to work well with the
plant and appliances they have in use. Such modifications
are often regarded as * trade secrets.”

SOLVENT EXTRACTION PROCESSES.

All oils and fats are soluble in such bodies as ether,
carbon bisulphide, benzoline, benzol, carbon tetrachloride,
etc. This property is taken advantage of both in the labor-
atory and on the large scale for the purpose of extracting
fats and oils from substances containing them. The
principle on which all such apparatus works is that of
treating the fat-containing substance with the solvent in a
suitable vessel, then running the solution into a still or
retort and distilling off the solvent. The fat remains be-
hind in the still, while the solvent is recovered and used
over again. The best possible solvent is one that has great
solvent properties for oils, can be distilled completely by
means of steam, is free from odour and non-inflammable.
The only substance among those named above which
answers these conditions entirely is carbon tetrachloride,
but unfortunately it is expensive.
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Benzoline is commonly used for this purpose. It is
light, has strong solvent action on oils, and is cheap It has
one disadvantage, as it does not entirely volatilise by means
of steam ; consequently there is a tendency for a little of the
benzoline to remain behind in the oil ; again, itis very in-
flammable, and great care is needed in working with this
solvent. Carbon bisulphide is one of the best solvents to
use. It is volatile at the temperature of boiling water.
Being heavier than water, it can be kept in tanks under
water, thereby reducing the risk of danger from explosion
or fire. It has unfortunately rather a noxious odour, which
makes it unpleasant to work with. This odour is however
largely due to impurities that come from the materials from
which the carbon bisulphide is made. By repeated use this
odour becomes less offensive and unpleasant.

Benzol is a hydrocarbon obtained during the distillation
of coal tar. It is freely volatile at the temperature of boil-
ing water, and has strong solvent properties. It is highly
inflammable, and therefore great care must be taken in
working with it.

DIETZ APPARATUS.—A very convenient form of appara-
tus for the extraction of oil by bisulphide is that of Dietz, as
shown in figure 22. This consists of an extraction tank B,
in which is placed, between perforated plates at top and
bottom, the material from which the oil is to be extracted ;
by means of a pump, carbon bisulphide, contained under
water in the tank A, is passed through the extractor, and so
abstracts the oil from the materials ; from the extractor, the
carbon bisulphide containing the oil flows into the still or
retort D, where the carbon bisulphide is distilled off by
steam, and is condensed in the coil condenser and flows back
into tank A to be used over again. Residual oil left in the
still D is run off from time to time by means of a discharge
pipe. This plant is small and easy to work.
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Figure 23 is a drawing of a small plant which can be
made in any convenient size and used with any kind of sol-
vent. It consists of three portions. First, the centre vessel
which forms the extractor. The material is put in at the
top, which is fitted with a lid which can be hermetically
closed. In this extractor there is also a perforated false
bottom, on which the fatty materials are placed. Under

F1a. 22.—Apparatus for Extracting Oils.
this is a retort or still which can be heated by steam. This
still communicates with the extractor by means of a tube,
.which proceeds from the bottom of the extractor and rises
up alongside it to nearly three-fourths of its height, and
then turns down and enters into the still, ending near the
bottom. From the top of the still a pipe passes to a con-
denser placed above the extractor, the end of the condenser
worm passing into the top of the extractor. This plant is
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used in the following way: The fatty material is placed in
the extractor and the required quantity of solvent in the
still; by means of a steam coil the solvent is volatilised and
passes into the condenser, where it is condensed, and flows
as & liquid into the extractor; here it gradually accumulates,

F16. 28.—O0il Extracting Plant.

dissolving out the fat until its level rises above the level of
the bend in the syphon tube, when it flows into the still;
here it gets volatilised again and passes through the same
cycle of changes. The fatty matter which it had in solution,
however, is left behind in the still and can be run off from
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time to time, as required, through a discharge pipe placed
on the bottom of the still.

Another method of extracting, using benzoline, is to
have two large upright boilers side by side. Each is divided
into three portions by partitions—the middle portion is the
extractor and is provided with two manholes, one at the top
for charging, the other at the bottom for discharging; the
lower portion forms the still and is fitted with steam pipes >
the top portion contains a condensing arrangement. This
apparatus is used in the following manner. The extractors
are filled with the oily material. Benzoline is placed in the
still of one and is vaporised by means of a steam coil; the
vapour, passing upwards into the condenser of the other
boiler, is there condensed to a liquid and flows down
through the oily material into the still, carrying with it the
oil. 'When all the benzoline has been vaporised off from
the original still, the action is reversed and the benzoline
distilled back again; the oil it held in solution is, however,
left behind in the still. The action is allowed to go on
until all the oil is removed from the raw material. This is
then run off from the still to a storage tank.

The extraction of oils by means of volatile solvents is
in itself very simple. The crushed seed or other oil-bearing
material (dried fish, etc.) is placed in a closed ¥essel. Benzine,
petroleum spirit, bisulphide of carbon, ether or any other
suitable solvent is passed through it, and allowed to flow
into & retort, carrying with it the oil in solution and leaving
the exhausted substances in the extractor or macerator.
The solvent in the retort is now distilled off and condensed
for re-use, while the pure oil is left behind in the retort.
So far, the process is very simple, but there are many
difficulties: one consists in recovering the solvent from the
waste product in the extractor. This part of the apparatus
consists essentially of a large tank, with inlet and outlet
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pipes or the circulation of the solvent, and steam connec-
tions to drive off the residual solvent after the material
in it has been exhausted.

These extractors must necessarily be of a considerable
size, and, when extraction has been completed, there is
left behind a large bulk of residual material, starch and
husks (in the case of seeds), saturated with solvent which
ought to be distilled off before the extractor is emptied.
This is necessary for two reasons. First, because the
manufacturer could not afford to lose all this solvent;
secondly, because its vapours are inflammable, and might
become a source of danger if allowed to escape freely. And
herein lies the chief difficulty: the material left in the
extractor is a bad conductor of heat, and therefore it is very
difficult to heat the mass, when in large bulk, sufficiently
throughout to ensure complete volatilisation. To this a
second difficulty is added, by the fact that the volatilisation
of the solvent has the tendency of greatly depressing the
temperature in those parts which are not easily reached by
the heat of the steam.

This difficulty is only partially overcome by admitting
steam into the extractor, as what volatilises in the lower
part condenses again in the upper layers, until the whole
mass is sufficiently heated throughout, which, on account
of the non-conducting properties of the material, is achieved
after many hours only. But, when the solvent has to be
thus driven off by live steam, the material is being cooked at
the same time, and when taken out is in a moist state, which
In many cases is detrimental to what otherwise would be a
valuable product.

The residual meal cannot be stored in this condition, as
it soon spoils, and is only fit for manurial purposes.

The apparatus shown in figure 24 was designed to over-
come all these defects. The difficulty arising out of the
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unmanageableness of the material while in bulk has suc-
cessfully been conquered by treating small and successive
quantities at one time. This is being done by practically
reversing the older process. That is, instead of passing the
solvent through a large mass of material, here the material
to be extracted is passed through the solvent, the latter
flowing at the same time in the opposite direction.

In what manner this is effected will be best understood
by a reference to the accompanying drawing. C, C2, C4,
C5, and C6 are cylinders alternately communicating with
each other at top and bottom, in which are working screw
carriers. The material is fed in at A (which, when not at
work, is hermetically closed by a water seal) and carried
forward by a screw working in B, and falls down the vertical
shoot into C. Here it is carried upwards by a screw to Cl,
where the first cylinder communicates with the second and
falls on to the screw working in C2, is carried downwards
and falls through communicating channel C3 on to the next
screw. This again carries the material in an upward
direction and to C4, whence it is carried downwards in C5,
up again in C6, in the upper part of which there is a
squeezing arrangement to express the excess of solvent,
and falls then through D into kiln E, which is provided with
a steam jacket and forward screw, where the exhausted
material is deprived of the residual solvent. This is easily
effected, as the material is spread out in a thin layer over
a large heated area. The vapours, which are considerably
heavier than the air, and hence have a downward tendency,
are allowed to escape at the lower end of the kiln, are con-
densed in their passage through the condenser 11, collected in
receiver 12, and pumped back into the machine at 1. While
the material thus travels from left to right, the solvent flows
in an opposite direction, whereby the partially extracted
meal, etc., meets in each successive cell with a purer stream
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of solvent, thus ensuring nearly complete exhaustion. On
the other hand the solvent comes succéssively in contact
with material richer in oil, finally passing into the first cell
(the last as regards the direction of the solvent), where
it meets the largest quantity of oil, passes through a filter
H, and thence into a retort. This latter part of the ap-
paratus is provided with several trays, each steam-jacketed,
over which the mixture of oil and solvent flows in a thin
stream ; the solvent being volatilised and condensed in
9, while the oil flows out in a continuous stream at 10.
The apparatus is sealed by water throughout.

ANIMAL AND VEGETABLE SOAP OILS.
TALLOW.

Tallow is, or should be, derived from the fat of cows, oxen,
sheep, goats, and similar animals, the best fat being taken
from the thicker deposits which surround the abdomen,
known generally among butchers as the skin, although it is
known by other names in some places. Anatomists call it
the omentum. Tallow is also obtained from the fat sur-
rounding the large muscles, the kidneys, and the other
organs of the body. Fatty matter can be and is obtained
from other parts of the animal, such as the intestines, bones,
etc., and such fat is often sold as tallow ; sometimes with a
qualifying distinction as bone tallow; at other times, and
this wherever possible, without such a qualifying description.
Whenever tallow is dealt in as tallow, it is always understood
to be the fat obtained from the parts above-named, and the
sale of any other kind of fat should be regarded as a fraud
upon the buyer.

The deposit of tallow as it exists in the animal body is
found to be contained in small cells or bladders of animal
tissue. The reason for its being in this condition is that being

a liquid and therefore able to move with every motion of the
8
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parts, yet it is not able to flow from the spot in which it is
found. As it is taken from the body, the crude fat is known
as butcher’s fat, and is usually purchased from the butchers
by the tallow refiner, who, if he be located in a large town,
often distinguishes between ‘ towa fat” and ‘“ country fat,”
the former being usually fresher, and therefore yielding a
better quality of tallow than the latter. The idea or prin-
ciple which underlies all processes for the extraction of the
tallow from this rough fat is to separate out by some
means the animal tissue from the actual fatty matter, a
process which is known as rendering. The various means
which have been adopted to do this have been described,
p. 68 et seq.

Of fatty matters obtained from other parts of the animal
body, the intestines give what is called * tripe tallow,” the
feet yielding ‘“ neatsfoot oil ”. The processes for extracting
these greases or fats do not differ essentially from those
described above, but, as a rule, they are obtained by simply
boiling the various parts of the animal in water, and skim-
ming the fat which is obtained from theé top of the water
where it collects, whilst the tripe and feet are used as
food. .

A great deal of fat largely used in making soap is now
extracted fromn bones, and sold as ‘ bone grease,”” ‘“bone
fat,” ‘ bone tallow.” and not scldom, wherever possible, as
tallow. All bones do not contain tallow or fat ; the best
are cows and bullocks’ shank bones, which are hollow, and
«contain a fairly large proportion of good fat, often separately
extracted and sold as *marrow tallow”. The more solid
bones found in the animals do not contain much fat, and
scarcely pay for its extraction. Horses' bones contain so
little fat they are not worth the process of treatment. In
dealing with bones it is therefore worth while to sort them
into those which are worth treating for the fat and those
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which are not worth so treating. The method of extraction
is given on p. 76.

Tallow comes into this country from all parts of the
world. Now, it is a well-known fact with regard to natural
products obtained from various localities that they vary
somewhat in appearance, colour, odour, and consistence, etc.,
to say nothing of minor differences in chemical composition.
Tallow is no exception to this rule, hence in the tallows
which are sent into England from North America, Australia,
Russia, India, etc., there are certain minor differences by which
experts can tell the locality from which the tallow ' came.
There can scarcely be any doubt but what these differences
are caused by the character of the food on which the cattle
feed in the various localities, and which must vary to a great
extent. Commercially, tallows are distinguished according
to their country of origin, and of the cattle—oxen or sheep,
or into beef or mutton—from which they are obtained.
Russian tallow comes chiefly from Cronstadt, Odessa, Tagan-
rog, and St. Petersburg. It is derived chiefly from oxen,
andjsa hard, yellowish tallow, better suited for candle-makers
than for soap-makers. A large proportion of the Russian
tallow finds its way from Siberia, but no distinction is made
between this tallow and that from other parts of Russia.
South America sends both ““beef” and “mutton ” tallow.
It is chiefly shipped from the River Plate ports. It is of a
strong yellow colour, and usually of fair quality, and service-
able for all uses. North American tallow is of very good
quality, rather paler in colour than South American, and is
the favourite tallow of soap-makers. It is mostly “ beef ”
tallow that comes from North America, but “mutton”
tallow is also sent over. Australia also sends large quantities
of both “beef” and “1nutton * tallow of fairly good colour
and quality to England. The value of the tallow depends
on its consistence—the harder the tallow the higher its
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melting point, and the more valuable it is. These points
vary very much within certain limits, which will be
presently pointed out.

The chemical composition of tallow varies somewhat ac-
cording to the method of feeding and the locality as well as
the kind of tallow. Tallow consists essentially of the two
glycerides, olein and stearin, the latter predominating,
forming from 60 in soft to 80 per cent. in hard tallows. -
Margarine is also probably present in some tallows, while
there are also nearly always small quantities of animal tissue,
colouring matter, water; but these should not altogether
amount to more than from } to 1 per cent. of the total.
Beef tallow contains more olein than mutton tallow, so
that it is rather softer in consistence, and therefore better
adapted for soap-making and lubricating and for making
tallow oil, whereas mutton tallow is more suitable for the
candle-maker. The specific gravity of beef tallow ranges
from 0935 to 0939, while that of mutton tallow ranges
from 0937 to 0040 at 60° F. (15°C.); while at 212° F.
(100° C.) the specific gravity is from 0860 to 0-862. The
melting point of tallow varies very considerably, usually
ranging from 36° to 49° C. (97° to 120° F.)—the lower limit
1s that of a soft tallow, while the higher limit is a hard
tallow. 39° C. (102° F.) is the average melting point of
tallow. After being melted it begins to solidify at rather
lower temperatures, from 33° to 46° C. (115° F.), but at
the moment of solidifying the temperature rises a few
degrecs. When pure, tallow should be white, fairly
firm, and without much odour and taste. It is soluble
in from 40 to 44 times its volume of alcohol. Generally
it contains a small quantity of frec acid, ranging from
075 to 7 per cent., although occasionally samples with
larger quantities are met with. For soap-making, the
presence of free fatty acid is not detrimental, but rather
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otherwise; but for lubricating machinery it is decidedly
disadvantageous.

‘When melted tallow is allowed to cool very slowly at
a temperature of not less than 27° to 30° C. (80° to 86°
F.), it forms a granular mass, the stearin crystallising
out in the form of small nodules which can be separated
out from the more fluid mass by pressure. The process
is known as “seeding,” and is largely applied to the
separation of the stearin of the tallow for use in making
candles, while the liquid which passes through the press is
known as “ tallow oil,” and is used for lubricating machinery
and soap-making.

‘When boiled with caustic alkalies, tallow is converted
into soap. Of caustic soda, tallow usually takes about 13-79
to 13:85 per cent. to completely saponify it, while of caustic
potash it requires 1932 to 1938 per cent. The alkalies
being in both cases taken as chemically pure, of the ordinary
commercial products more will be required, according to the
strength of the article, which varies very much. When the
soap formed by boiling tallow and alkali together is treated
with acid, the fatty acids of the tallow are separated and
usually are found to amount to 95 per cent. of the tallow
used. The melting point and specific gravity of these fatty
acids vary with the quality of the tallow.

Tallow is frequently adulterated. Among other bodies
have been used soft fats from other parts of the animal, such
a8 bone or tripe tallows, cotton-seed oil, seal oil, stearin from
wool grease, among fatty matters, to say nothing of china
clay, starch and similar products. It is by no means an
easy matter to detect some of these adulterants : cotton-sced
oil stearin is very difficult to detect. The specific gravity of
the fat at 109° C., or the melting point, is some guide, while
the large proportion of solid fatty acid would be a clue to its
addition. Cotton-seed oil can be detected by its reducing the
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specific gravity, melting point, and increasing the proportion
of liquid fatty acids, as well as by the silver nitrate and iodine
test. Stearin from wool grease can be detected by the tallow
containing a large proportion of fatty acid, as well as by the
silver nitrate test. Bone grease can be detected by the tallow
containing phosphate of lime, which is a characteristic in-
gredient of bone grease. The addition of such matters as
china clay and starch can be detected by melting the tallow
and allowing these insoluble matters to settle out. ~Such
forms of adulteration are now rare, and show unskilful work
on the part of the adulterator. Paraffin wax and scale and
mineral oil are sometimes added ; these may be detected by
their reducing the percentage of potash required to saponify
the tallow and by the sample having a low flash point
(under 400° F.).

Tallow is now rarely used for lubricating machinery. At
one time it was largely used for lubricating steam engine
cylinders, but it has been superseded by the petroleum
cylinder oils. It is used now in small quantity for lubri-
cating heavy engine bearings—bearings of rolling mills
—and for making lubricating greases.

Tallow is more largely used for soap-making than any
other fat that is known ; it gives a good soap—hard and of a
good white colour. This, however, is modified by the colour
of the tallow, and the care taken in making the soap. The
grain of tallow soap is good and uniform ; it is not readily
soluble in water, and on that account it does not lather so
freely as some soapsdo. On the other hand, it is not so waste-
fulin use: its cleansing powers arc excellent, and it keeps well,
not acquiring any objectionable odour or becoming rancid on
keeping. It is rather troublesome to saponify, but by the
exercise of a little care on the part of the soap-maker this can
be easily got over.
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CONSTANTS OF TALLOW.
Specific Gravity at 15°C. (60°F.) . . 0943 to 0-042.
.o 50°C. (122°F.) . .  0895.
" 100°C. 212°F.) . . 0862

Melhng Point, 42° to 46° C. (107° to 115° F.).

Solidifying Point, 36° C. (98° F.).
Insoluble Fatty Acids (Hehner Value), 95 to 96 per cent.
Sapovification Value (Koettstorfer Test), 19°3 to 20 per cent. KOH.
Iodine absorbed (Hubl Test), 39 to 44 per cent.

N
Reichert Value, 0:25 c.c.—KOH.
10

Viscosity at 120° F. . . . . . . . 53.
” » 150° F. . . . . . . . 85,
» w 212°F. . . .. 25,

CONSTANTS OF FATTY ACIDS FROM TALLOW.

Specific Gravity at 100° C. (212° F.), 0-8698.
Melting Point, 43° to 44° C. (108° to 110° F.).
Solidifying Point, 42° to 43° C. (107° to 108° F.).
Molecular Weight (Combining Weight), 284.
Iodine absorbed (Hubl Test), 40 per cent.

LARD.

Lard, as is well known, is the fat obtained from the leaf
and other parts of the pig. It is almost entirely used for
culinary purposes and but rarely for industrial uses. It is
used to a limited extent in soap-making, and then only in
making the best grades of toilet soaps where a good white
colour is desired, lard in regard to these points ranking with
coconut oil. Lard is a soft fat of a consistency equal to or
slightly harder than butter, melting to a clear, water-white oil ;
its consistency varies slightly in different samples. It is white
in colour, although sometimes it may have a faint yellowish
or creamy tint; its odour and taste are sweet and plcasant,
and if well refined it keeps well ; it saponifies freely, forming
a good white hard soap with soda, and a white soft soap with
potash. It consists essentially of a mixture of stearin and
olein in somewhat varying proportions, from 60 to 65 per cent.
of olein and 35 to 40 per cent. of stearin; there are also small
quantities of palmitin present. ILard is subject to adultera-
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tion, the usual ingredients added being fat and cotton-seed
oil. Lard soap has a good white colour, uniform texture, and
lathers freely in water, being superior in this respect to tallow
soap; it is free from any strong smell and does not go rancid.

CONSTANTS OF LARD.

Specific Gravity at 15> C. (60° F.) . . 0-931.

» " 50° C. (122° F.). . . 0-881

» . 100°C. (212°F.) . .  0-858.
Solidifying Point, 27-1° to 29° C. (80° to 84° F.).
Melting Point, 40° to 42° C. (104° to 108° F.).
Insoluble Fatty Acids (Hehner Value), 96 per cent.
Saponification Value (Koettstorfer Test), 19-5 per cent. KOH.
Iodine Value (Hubl Test), 59 per cent.

CONSTANTS OF FATTY ACIDS FROM LARD.

Specific Gravity at 100° C. (212° F.), 0-844.
Solidifying Point, 89° C. (102° F.).

Melting Point, 43° C. (107° F.).

Combining Equivalent (Molecular Weight), 280.
Iodine Value (Hubl Test), 64-2 per cent.

BONE GREASE.

This fat is largely used in the manufacture of the cheap
sorts of soaps, both domestic and manufacturers’ soaps, either
alone or in admixture with other fats and oils. Its prepara-
tion has already been described. As usually sold it is in the
form of a greyish-coloured, granular soft fat, its consistence
being between tallow and lard. It has a slight odour when
fresh, which often develops into an unpleasant one if the fat
becomes rancid. It contains some water, the amount varying
from 2 to 6 per cent., small quantities of animal tissue, from
05 to 1 per cent., the latter being rather an excessive pro-
portion ; the proportion of free acid in bone grease is rather
higher than in tallow, the amount ranging from 7 to 21 per
cent. ; then small quantities of phosphate of lime are present—
this constitutes a characteristic test for the presence of bone
grease. Two samples of such a grease examined by the author
had the composition :—
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No. 1. No. 2.

Water ... .. .. 817 per cent. ... 2:28
Free acid 21-71 " 6-97
Unsaponifiable oil 0-28 " 0-82
Saponifiable oil 7484 90-28
Phosphate of lime ... Traces ‘15
100-00 100°00

Owing to the variable quality of bone fat it is advisable
to test it for moisture, etc., before buying.

The water it contains may if thought necessary be got rid
of by melting the fat and keeping it in a melted condition for
some hours.

The colour of bone fat varies a great deal, but as a rule
this is of little detriment to its soap-making properties, as
the colour generally finds its way into the soap lyes, and a
pale soap, rather softer than a tallow soap and a little more
soluble in water, is obtained. DBone-fat soap still retains
some of the odour of the fat, and so if used for dornestic soaps

" some scent is required to disguise this odour; if used for
manufacturing soap the odour is of little consequence.

ANIMAL SOAP FATS.

Besides tallow and bone grease which are regular articles
of commerce there are other solid greases of animal origin
which are offered in occasional parcels to soap-makers ; such
are: tripe tallow, horse fat, skin fat, etc.

These are only fit to be used to make the commonest class
-of soaps, such as scouring soaps, rough mill soaps; they are
usually of a soft consistency, and vary in colour a great deal,
some are & shade darker than tallow or bone-fat, but others
are of a brownish tint ; their odour likewise varies consider-
ably, from being comparatively sweet to having a rancid
odour. They make soaps of a consistence and quality rather
softer and poorer then tallow. If anything they are rather
easier than tallow or bone-fat to saponify. They are very
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variable in composition, some contain water, others traces of
unsaponifiable fats, some contain large quantities of free acid.
The author has had occasion to examine many such soap
greases during the last few years and the following are the
results of some of these analyses :—

No. 1. No. 2. No. 8. No. 4.
Water, animal tissue ... 0°90 569 6-40 3828

Free fatty acid ... ... 51:88 1876 4906 8496
Saponifiable fat ... ... 4242 6917 4416 5807
Unsaponifiable oil .. 480 588 0-39 874

The large proportion of free acid in Nos. 1 and 3 is to
be accounted for by the fact that some distilled stearin has
been added to them.

TALLOW OIL.

Tallow oil is obtained from tallow by melting and keeping
the tallow in a warm room at about 80° to 90° F. for some
hours; the stearin it contains crystallises out in the form of
small granular particles, hence this process is known as seed-
ing. The sceded tallow is then placed in canvas cloths and
put under hydraulic pressure, when the olein it contains
comes out, together with a little of the stearin, and forms
the tallow oil of commerce. Itis alsosold under the names.
of ox oil, animal oil, etc. Its chief use is for lubricating ma-
chinery, but it is used for making soap when a white soap,
rather softer and more soluble than a tallow soap, is required.
Tallow oil varies much in consistence, some samples are
more fluid than others; this depends upon the proportion of
stearin which the oil contains; if there is much, then the
oil is solid ; if little, then it is liquid. The specific gravity
varies for the same reason from 0911 to 0°915. Tallow oil
contains a varying proportion of free acid from nil in well-
prepared samples to 15 or 16 per cent. in others. Tallow
oil should be quite white when cold, or have at the most a
faint yellow tint. When melted it ought to be quite clear
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and bright, free from any cloudiness or floating particles of
any kind. It has only a slight odour of an animal fat.

LARD OIL.

Lard oil, like tallow oil, is not much used in soap-making,
finding its principal use in lubricating machinery. It is pre-
pared from lard by the same process as tallow oil is made
from tallow. It resembles the last oil in its properties and

uses. It is if anything rather lighter in colour and has less
odour, which resembles that of lard.

VEGETABLE SOAP OILS AND FATS.
PALM OIL.

Next to tallow palm oil used to be the fat most used for
making soaps, but of late it has been displaced by cotton oil
which is cheaper and gives a better soap for the general run
of domestic purposes.

Palm oil is obtained from the fruit of various species of
palm trees, natives of the oil regions of the west coast of
Africa. The tree which yields the largest proportion of the
palm oil of commerce is the Elaiis Guinensis. The fruit of
the palm is about the size of a small plum, and hangs in
bunches from the trees. Like the plum it contains an outer
pulpy mass and an inner kernel. From the outer pulp is
obtained the palm oil, while the kernel yields palm-nut or
palm-kernel oil, also used in soap-making, but which has
different properties to palm oil.

The natives of the oil regions employ a variety of methods
for the purpose of extracting the oil from the fruit. The
commonest plan consists in stacking the nuts as they are
taken from the tree in heaps for from seven to ten days, when
by the decomposition of some of the vegetable tissues sur-
rounding the husk of the nuts the husk can be readily re-
moved, leaving the internal pulp and kernel. The pulp is of
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& rather hard nature, and to soften it the nuts, after being
husked, are thrown into pits and covered over with plantain
leaves, then with earth and palm leaves; in this condition
they remain for a period varying from three weeks to three
months, according to the fancy or practice of the particular
tribe of Africans who are making the oil. At the end of the
period named the pulp will have been converted into a soft
mass; it is now thrown into pits lined with stones, where it
is subjected to a pounding process whereby the pulp is sepa-
rated from the kernels; the former is now thrown into boil-
ing pots and boiled with water, when the oil rises to the top
and is skimmed off, any vegetable tissue which may accom-
pany the pulp passing into the water, or the oil may be sepa-
rated from the vegetable pulp by heating it with water so as
to melt the oil, and then squeezicg the mass in bags, when
the oil flows out.

The quality and consistence of the product depend partly
on the particular species of palm from which it is made, but
as to this point definite information is required, but more
particularly upon the care with which the process of extrac-
tion has been carried out, and the length of time the fruit is
allowed to remain in the pits.

A long steeping results in the oil being harder, but at the
same time its quality is materially decreased ; it acquires a
rancid odour, its colour is not as bright, and it contains more
free acid, indicating that a decomposition into acid and gly-
cerine has taken place; a short steep gives a soft oil of a
sweet odour and a bright colour. The process of extracting
palm oil being as crude as it can well be, it is evident that
the commercial article is far from being all pure fat; it may
contain some traces of vegetuble tissue, etc., which, being
very liable to ferment, will in course of time gradually bring
about the decomposition of the oil, resulting in its becoming
more or less rancid, and losing its odour and colour.
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Palm oil is a solid fat of about the consistence of butter ;
it has an orange to golden-yellow colour, which is highly
characteristic, but is liable to vary very much. Salt Pond
and Brass oils have usually a brownish-yellow colour, Lagos
oil is a bright orange, Sierra Leone is rather redder, New
Calabar oil is a golden yellow; the colour is probably partly
dependent upon the species of palm from which the oil is
obtained in the first instance, and partly on the process of
extraction. Lagos oil is the best and most neutral quality,
the proportion of free acid it contains rarely exceeding 10 per
cent., and the amount of water and other impurities not
more than 2 per cent., and in consistence it is the softest of
the palm oils. Brass, so far as freedom from impurities is
concerned, comes next to Liagos oil ; it is the hardest of the
palm oils, and on that account is the quality most in favour
with candle-makers ; it usually contains a large percentage,
53 to 65, of free fatty acid, and by far the largest proportion
of palmitic acid of any variety, hence its hardness. .

Salt Pond oil is one of the worst qualities of palm oil to
be found in the English market, the amount of impurities
often being found to amount to 20 per cent., while the free
acid has been recorded by Norman Tait to be as high as
80 per cent., indicating that but little actual oil is present.
The colour and odour are usually poor. Half Jack., Bonny,
New Calabar oils occupy intermediate positions between
these oils in hardness and quality gencrally. Talm oil has
a peculiar violet-like odour, which is communicated to the
soap which is made from it.

Chemically palm oil consists of a wmixture of palmitin
and olein in various proportions, with varying quantities of
free palmitic and oleic acids. The specific gravity of palm
oil at 15° C. varies from 0920 to 0:926. The specific gravity
at 100° C. ranges from 0857 to 0'859: the melting point is

- exceedingly variable, ranging from 25" to 36° C. (77°to 97° I.),
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the setting point being a few degrees lower. When saponi-
fied palm oil yields from 94 to 97 per cent. of fatty acids, the
setting points of which range from 41° to 46° C. (106° to 113°
F.), the combining equivalent from 273 to 274. Palm oil takes
from 196 to 20-2 per cent. of caustic potash, KOH, or from
14 to 144 per cent. of caustic soda, NaOH, to saponify it.
Palm-oil soap has an orange yellow to yellow colour, de-
pending upon the quality of the oil from which it is made;
it also possesses the characteristic odour of the oil which
has already been referred to. It is hard, not liable to go
rancid, and will keep well, improving in quality in so doing ;
it lathers fairly well, and 1s a good cleanser, altogether being
a first-class soap. Palm oil may be bleached, which must
be done if the oil is to be used for making a white soap.
There are many processes available for this work; the best
is Watts’s by means of bichromate of potash, then it may be
bleached by blowing air through it and by other means.
These processes have been already described. Adulterated
sanples of palm oil are scarcely known: the author has not
met with one in the course of his practice, nor is the fact
that it is adulterated referred to in the text-books on oils.
CONSTANTS OF PALM OIL.

Specific Gravity at 15° C. (60° F.) . . 0920 to 0:924.
W 50°C. (120°F.) . . 0893
. 100°C. (212°F.) . . OB586.

Melting Point, from 27° to 42 C. (R0” to 107° F.)
Insoluble Fatty Acids (Hehner Value), 96-5 per cent.
Saponitication Value (Koettstorfer Test), 202 per cent. KOH.

Reichert Value, 0°5 cc. -— KOH.
10

Todine Value (Hubl Test), 51 to 52 per cent.

CONSTANTS OF FATTY ACIDS FROM PALM OIL.
Specific Gravity at 1007 C. (212" F.), 0-836).
Melting Point, 50° C. (1227 I.).
Solidifying Point. 45:5° C. (113:5° F.)
Saponification Value, 206 per cent. KOH.
Combining E-uivalent (Molecular Weight), 270.
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PALM-NUT OR PALM-KERNEL OIL.

The nuts or kernels of the palm fruit are collected and
imported in large quantities into this country for the purpose
of pressing the oil from them, which is done in mills similar
to those previously described. In some places a very crude
method is in use for extracting the oil; the nuts are put
into a pan over a fire and charred slightly, some of the oil
exudes and is poured off; the roasted nuts are now ground
up and boiled with water, the oil they contain rises to the
top and is skimmed off ; after a short boil the mass of kernel
meal is reground up, mixed with a little water and again
boiled up, when more oil is obtained. This is skimmed
off as before. The oil obtained by this process is of a dark
colour and is unsuitable for making good soap.

Palm-nut oil is of white or faintly yellowish colour, of
a consistence similar to butter; in odour it resembles coco-
nut oil, from which it can hardly be distinguished. The
melting point ranges from 26° to 30° C (78° to 86° F.).

Much depends upon the proportion of oil extracted from
the kernel ; the first portions which are pressed out are the
softest and have the lowest melting point: the last portions
are harder and have the highest melting point. It takes
from 22 to 24 per cent. of caustic potash, or from 15} to 17
per cent. of caustic soda to saponify it. In this respect it
resembles coconut oil, to which also it approximates in com-
position, containing a large proportion of the lower fatty
acids, lauric, capric, capryllic, and caproic acids, but not to
8o great an extent as docs coconut oil. Oudemans gives
the following analysis of palm-nut oil:—

Glyceride of Oleic Acid . . . . . . . 266,

Glycerides of Stearic, Palmitic and Myristic Acids . . 330,

* Glycerides of Lauric, Capric, Capryllic and Caproic Acids . 40°4.

Palm-nut oil is fairly clear of free acid and is not liable
to go rancid.



128 SOAP MANUFACTURE.

In its specfic gravity at both 60° and 212° F'. it resembles
closely coconut oil.

Palm-nut oil is largely used in soap-making in the place
of coconut oil ; it gives a soap of similar properties.

Palm-nut oil is said to be adulterated with lard, tallow
and other cheaper fats and oils. Such adulteration can be
detected by means of the saponification value ; the distillation
test will suffice to detect any adulteration.

CONSTANTS OF PALM-NUT OIL.

Specific Gravity at 15° C. (60° F.) . . 0-952.

» » 40°C (105°F.) . .  09119.

. " 100° C. (212° F.) . . 09781
Solidifying Point, 20:5° C. (71° F.).
Melting Point, 27° to 28° C. (79° to 80° F.).
Insoluble Fatty Acids (Hehner Value), 91°1 per cent.
Saponification Value (Koettstorfer Test), 24 per cent. KOH.

- N
Reichert Value, 24 c.c. —KOH.
10
Iodine Value (Hubl Test), 10 to 18 per cent.
CONSTANTS OI' FATTY ACIDS FROM PALM-NUT OIL.

Solidifying Point, 20" to 23° (. (71° to 76° F.).
Melting Point, 25° to 28° C. (77° to 80° F.).
Combining Fquivalent (Molecular Weight), 211.
Iodine Value, 12°07 per cent.

COCONTT OIL.

The next soap oil which claims notice is that obtained
from the coconut, or cocoanut as it is sometimes spelt,
the fruit of the coco palm, cocos nucifera.

The fruit of this palm is a very useful product. It is of
large size.  The outer portion consists of a fibrous mass, which
is made nto ropes, mats and carpets. Inside this is the nut
proper, consisting of a hard outer portion, useful as fuel;
inside this is a layer of pulpy matter of a white colour, which
is that portion of the fruit patronised by the young idea at
fair times.  The central portion of the nut is occupied by a
milky fluid. The pulp is of a very oily nature, the proportion
of oil usually averaging over 50 per cent.
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This pulp is dried by exposure to air, and in that con-
dition is known as ‘‘ coprah,” and is exported into this country
in large quantities for the purpose of extracting the oil out
of it. The native method of extracting the oil consists in
heating the pulp with water, when the oil rises to the top
and is collected. Another method commonly followed when
inferior qualities of oil only are wanted, is to heat the pulp .
with a little water so as to render the oil more fluid, and
then to subject the mass to pressure in a rude kind of oil
press, worked by oxen. In some places the pulp is dried
and then grated by means of cutting machines, and this,
after being mixed or heated with water, is pressed, yielding a
large quantity of a good quality of oil.

Coconut oil comes into this country from many places
in South-eastern Asia ; the best is that from Ceylon. Cochin
China oil ranks very close behind, Malabar oil is of very
good quality, Manilla oil is good ; some comes from Mauritius
and the Fiji Isles.

In this country coconut oil is pressed from coprah by the
machinery which has been described in previous sections,
the only difference being that the operation is carried out in
either a warmer place or in heated presses.

Coconut oil makes its appearance in this country in the
form of a white but soft fat. In Asiatic countries it is a
water white, rather limpid oil. It melts at from 20° to 25° C.
(68° to 77° F.); its specific gravity at 60° F. is 0931 ; at 212°
F. it is 0870. Its odour is pleasant and characteristic,
resembling that of the coconut. It is liable to become
rancid, when its odour becomes more pronounced.

It is fairly easily saponified, and on that account it is
much employed in the manufacture of soaps by the cold
process. It gives a white soap, possessing good lathering
properties, and one that for reasons which will be pointed

out presently works well in hard waters, or in waters which
9
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contain a good deal of saline matter in solution. It takes
from 24'5 to 26 per cent. of caustic potash, or from 17'4 to
187 per cent. of caustic soda to completely saponify coconut
oil, a larger amount than is required for any other known
fat.

Coconut oil is one of the most complex oils known as far
as regards its chemical composition. The principal fatty acid
present is lauric acid, HC,H,0,; there is also present
caproic acid, HyCH,,0,; capryllic acid, HCzH,;0,; capric
acid, HC,,H,,0,. These acids are all soluble in water and are
volatile when distilled with steam or water.

It is the presence of these lower soluble fatty acids which
causes coconut oil to require so much alkali to saponify it
and to form a soap which works with hard water, for the
lime salts of these fatty acids are, comparatively speaking,
soluble in water, and the alkali soaps are much more freely
soluble in saline solutions than is the case with the alkali
salts of oleic or stearic acids for example. There are also
present in coconut oil, stearic acid, HC,;H;;0,; palmitic acid,
HC,;H;,0,, with smaller quantities of other acids of the same
series ; there are but comparatively small quantities of acids of
the oleic series. Of course it should be understood in speak-"
ing of fatty acids in coconut oil that these do not exist
init as free acids, but in the form of glycerides.

Lauric acid has a combining weight of 200. The com-
bining of the fatty acids which can be extracted from coco-
nut oil by saponifying and liberating the acids with sulphuric
acid, ranges from 196 to 204. When these fatty acids are
distilled with water the distillate possesses an acid reaction
due to the volatile or soluble acids coming over ; the acidity
from 100 parts of oil is equal to 078 to 083 of caustic
potash. Butter and palmnut oil have a similiar composi-
tion.

Coconut oil has very little power of absorbing iodine or
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bromine ; of the former it takes up 89 to 9 per cent., of the
latter 5°7 per cent. It yields from 12 to 13 per cent. of
glycerine, and from 94 to 96 per cent. of fatty acids.

In soap-making, coconut oil is largely used for making
white soft soap in conjunction with tallow, for making cold
process soaps, and for making marine and hard water soaps.
~ 'When it is known that soap is going to be used in districts
where hard water prevails it is a good policy to use a little
of this oil in making the soap, for then a lather is more
readily obtained and there is not so much waste of soap by
the action of lime in the water.

Coconut oil is comparatively easily saponified, and will
take a stronger alkali than any other fat; thus while with
tallow a stronger alkali than 10° T'w. cannot safely be used
with coconut oil the lye may be 20° to 22° Tw. strong. It
is.this feature of coconut oil that makes it so useful for cold
process soaps. It also requires more salt, nearly twice as
much, than does tallow or other oil soaps, to salt out.

Coconut oil is rarely adulterated, and then chiefly with
animal fats and greases, and with solid vegetable fats and
stearins. Any such adulteration would not be very difficult
of detection. The odour, alteration of the saponification value,
reduction of the specific gravity at 212° F., and reduction
of the amount of volatile acids will suffice to detect such
adulteration.

CONSTANTS OF COCONUT OIL.
Specific Gravity at 15° C. (60° F.) « o 0930
" »  40°C.(105°F.) . . 049115
» 100°C.(212°F.) . . 08736.
Solidifying Point, 16° to 20° C. (60° to 70° F.).
Melting Point, 20° to 28° C. (70° to 80° F.).

Saponification Value (Koettstorfer Test), 25 to 26 per cent. KOH,
Insoluble Fatty Acids (Hehner Value), 83 to 88 per cent.

N
Reichert Value, 8-5 c.c. —KOH.
10

Iodine Value (Hubl Test), 8'9 to 9°3 per cent.
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CONSTANTS OF FATTY ACIDS FROM COCONUT OIL.

Specific Gravity at 100° C. (212° F.), 0:8354.
Solidifying Point, 20° C. (70° F.).

Melting Point, 24° to 25° C. (75° to 77° F.).

Combining Equivalent (Molecular Weight), 196 to 206.
Iodine Value (Hubl Test), 9-3 per cent.

OLIVE OIL.

The olive is the fruit of the olive tree, Olea Europea, which
grows very abundantly in those countries of Europe, Asia,
and Africa that border on the Mediterranean. It is ex-
tensively cultivated in Italy, North Africa, Grecian Archi-
pelago, Spain, and Asia Minor, from all which places olive
oil is exported. The olive is a fruit resembling the plum and
of about the same size. There are certain variations of the
olive grown in various localities due to climatical differences
and to the mode of cultivation. The fruit is collected when
just ripe, and in that condition it yields the finest quality
of oil. Olive oil is yielded by the pericarp or pulp which
surrounds the kernel. The kernel is also capable of yielding
oil, but it is interesting to note that the oil yielded by the
kernel is different to that given by the pulp. The olive oil is
obtained from the fruit by pressure; some portion is also
separated by use of solvents. The simplest method which
has been in use for a long time consists in pressing in a
primitive mortar, and scparating the oil which flows out.
Generally the pulp is put into a large tub or tank and sub-
jected to pressure. The oil which flows out is known as
“virgin oil”. It is of fine quality and used chiefly for
edible purposes. There is a considerable proportion of oil
left in the pulp, and this is usually extracted by boiling
the pulp with water, then subjecting the residual pulp to a
second pressure. A rather poorer quality of oil is thereby
obtained. This quality of oil is chiefly used for lubricating,
soap-making, and general industries. A poorer quality is
often got by subjecting the residual cake from this second
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pressing to extraction by means of bisulphide of carbon.
This gives a lower grade of oil, used for the commonest
purposes, and generally known as * sulphur ”’ olive oil.

Olive oil varies considerably in its quality. The best oils
have a yellowish colour, while some of the inferior qualities
are of a greenish-brown tint. In some cases the oil has
a greenish tint. The specific gravity ranges from 0°916
to 0919 at 60° F., the presence of much free acid lower-
ing it. The best quality of olive oil contains usually about
2 per cent. of free acid. Certain grades of what are known
as ‘“ huiles tournants,” prepared from very ripe and fermented
fruits which are largely used in dyeing, contain as much as
25 per cent. of free acid. The odour of olive oil is pleasant
and peculiar; the taste is sweet and bland. When cooled
down olive oil deposits stearin and becomes solid at 6° C.
(23° F.). It requires from 19-1 to 1906 per cent. of KOH
to saponify it. It absorbs iodine, and when mixed with
sulphuric acid gives rise to an increase in temperature of 41°
to 45° C. One property of olive oil is that when mixed with
nitrous acid or nitrate of mercury, it becomes solidified,
being converted into elaidin. This property is not possessed
to the same degree by any other oil. Olive oil is largely
adulterated, the usual adulterants being cottonseed oil and
mineral oils, but the character of the adulteration varies
from time to time. The presence of cottonseed oil tends to
increase the specific gravity, while that of mineral oil tends
to reduce it, while at the same time their addition reduces
the flashing point of the oil. To determine the purity of
olive oil, regard must be paid to the specific gravity, flashing
point, Koettstorfer test, Hubl iodine value, and the Maumene
sulphuric acid test and elaidin test.

Olive oil with caustic soda yields a soap of a smooth
texture, hard and somewhat brittle when dry, breaking with
a conchoidal fracture. The colour varies with the character
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of the oil; good oil yields a white to cream-coloured soap,
the poorer qualities yellow to greenish soaps. These soaps
keep well, have fairly good lathering and cleansing properties.
They are much used in the calico printing trade and for
boiling-off of silk, owing to their freedom from smell and
comparatively easy solubility. —The original Marseilles or
Castile soap was made from olive oil. A soft soap is often
made from olive oil for use in some trades.

CONSTANTS OF OLIVE OIL.

Specific Gravity at 15°C. (60°F.) . .  0-916 to 0919.
" » 100°C. (212°F.) . . 0862
Solidifying Point, 6° C. (28° F.)
Insoluble Fatty Acids (Hehner Value), 954 per cent.
N

Reichert Value, 03 c.c. —KOH.
10
Saponification Value (Koettstorfor Test), 19-1 to 19'6 per cent. KOH.
Iodine Value, 80 to 83 per cent.
Maumene Test, 41-5° to 45° C.

CONSTANTS OF FATTY ACIDS FROM OLIVE OIL.

Specific Gravity at 100° C. (212° F.), 0-8749.
Solidifying Point, 21° C. (70° F.).

Melting Point, 26° C. (79° F.).

Molecular Weight (Combining Equivalent), 283.
Iodine Value, 86 to 88 per cent.

COTTONSEED OIL.

Of later years the oil obtained from the seeds of the cotton
plant, Gossypium sp., originally always known as cottonseed
oil, but now simply as cotton oil, finds its way into most of
the common household soaps which are now the fashion.

Cotton is obtainable from several species of trees belong-
ing to the genera Gossypium, of which the most important is
that grown in America, the Gossypium Barbadense, but the
cotton tree grows in Egypt, India, Siam, China, the tropical
portion of South America and in other localities. The seeds
of the cotton are of comparatively large size, averaging from -
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1 to § of an inch in length, by } of an inch broad, and }
of an inch in thickness, more or less rounded, and of a
greenish-grey colour. To the seeds are attached the fibres
which give the cotton tree its value, and which are imported
into this country in large quantities, and woven into calico
and other textile fabrics. These fibres are separated from
the seed by a process known as ““ ginning .

To extract the oil from the seeds, they are first decorti-
cated, that is they are passed through a mill, whose action is
to break open the hull of the seed, and so liberate the kernel
which contains the oil of the seed. With clean seed free
from much attached cotton fibre, there is no necessity to
decorticate the seed, but some varieties of cottonseed retain
the fibre with great tenacity, and such seeds must be decorti-
cated. The decorticating machine consists of a hollow
cylinder in which revolves another cylinder, the surface of
which does not touch the surface of the outer cylinder. The
inside surface of the outer cylinder has a number of knives
arranged round it, while the surface of the inner cylinder has
a similar set of knives. These are so arranged that when a
seed passes between the two sets of knives it is cut, the hull
falling in two parts, while the kernel falls down whole, or in
some mills it is cut in two. By winnowing, the heavy ker-
nels can be separated from the light hulls, which are either
used as fuel or as manure.

The cottonseed o0il as it comes from the press in either
system of crushing is of a dark wine-red colour, owing to its
containing a rather large proportion of red colouring matter,
amounting, according to Longmore, to 10 to 15 lb. per ton
of oil. Before the oil can be used for any purpose this
colouring matter must be removed. This is effected by
treating the oil with caustic soda, which dissolves out the
colouring matter, while having only a slight action on the
oil. The quantity of caustic soda used varies in different
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refineries, but amounts to from # Ib. to 1 lb. of 77 per cent.
solid caustic soda per 100 lb. of oil. It is used in the form
of solution of varying strength at different works, from 10 to
as much as 40 Twaddell. Perhaps the best plan is to use a
lye of from 10 to 12 Twaddell strong. Of this about 10 lb.
are required for 11 cwt. of oil. The caustic and the crude oil
are mixed together in wooden tubs, and, if thought necessary,
they can be heated a little by means of steam, being agitated
thoroughly all the time. This is best effected by means of
air pumped in by a force pump, the air not only thoroughly,
agitating the oil and soda, but to some extent it probably
acts as a bleaching agent on the oil. After a few minutes of
such treatment the oil is allowed to stand for some time
when a curdy mass of soda and colouring matter with some
soap which has been formed by the action of the soda on
the oil will settle out. The character of the oil is then
noted. If not bright enough or free from colour, more soda
lye is added, and the treatment resumed. As a rule not
more than one such addition is required. The whole mass is
allowed to stand to settle. The clear, bright oil is sold as
cottonseed oil, while the coloured mass of soda, colouring
matter and soap is treated in various ways. One plan is to
treat it with acid, when it is decomposed, and a dark greasy
mass comes up to the top, which can be used for making
very common dark-coloured soaps, or by suitable means the
colouring matter can be taken out and used as a dye. But
for this purpose it cannot compete with the coal-tar colours,
while the fatty matter present is recovered in a form suitable
for use in soap-making or candle-making. The loss in refin-
ing crude cottonseed oil amounts to from 4 to 5 per cent.
The refined cottonseed oil so obtained contains a large
amount of stearin, and hence will, in cold weather, set almost
solid. By a process of refrigerating and pressing, this stearin
may be removed, and is sold as cotton stearin or oleo-mar-
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garine for various purposes, while the liquid oil is often sold
under the name of non-congealable cotton oil.

The crude cotton oil has a specific gravity of from 0'928
to 0:930. Refined cotton oil is a clear bright oil of a pale
yellow colour, but it can be obtained almost, if not quite
colourless. It has a pleasant, sweet taste, somewhat charac-
teristic, while its odour is but slight, and yet characteristic.
Its specific gravity varies from 0922 to 0926 at 15°C., much
depending upon the amount of stearin in the oil, which
increases its gravity. It solidifies at from 0° to 2° C. (32°
to 85° F.), the more common qualities at even higher tem-
peratures varying with the amount of stearin they con-
tain. Cotton oil contains olein, stearin, palmitin, with small
quantities of linolein. In its general properties it lies between
the true non-drying oils, like olive, and the true drying oils,
like linseed oil, becoming viscid on exposure to the air by
absorption of oxygen. Fox, in an article in The Oil and
Colour Trades Journal, states that one gramme of cotton
-oil will absorb 26'4 cubic centimetres of oxygen gas, more
than olive oil will, but not so much as linseed oil. Conse-
quently cotton oil cannot well be used as a lubricating oil,
nor as a drying oil for painting; but as a food oil and for
soap-making it has come into rather extensive use.

It takes 19°5 per cent. of caustic potash, KOH, or 14 per
cent. of caustic soda, NaOH, to saponify it, giving a rather
-curdy soap. It is more difficult to saponify than tallow and
some other oils, and the soap retains the lyes very much, so
that it is difficult to separate the soap and lves completely
and to obtain a perfectly neutral soap. Cotton-oil soap is
much darker in colour than tallow soap, the small quantity
of the colouring matter of the seed which is still left in
seeming to develop a dark colour with the alkali. The soap
made from this oil is comparatively easily soluble in water,
.and therefore lathers freely and does not last as long as a
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soap made from tallow and some other fats. Another
feature of cotton oil soap is that when kept for some time
it goes rapcid and acquires a peculiar odour, but it takes
some months for this odour to develop itself. The fatty
acids obtainable from cotton oil are solid acids, insoluble
in water; at 100° C. they have a specific gravity of 08494,
and melt at from 35° to 44° C. (93° to 111° F.).

Cotton oil is rarely, if ever, adulterated, there being no
cheaper fat oil, and 8o any possible adulterant must be one
of the mineral oils, the presence of which can be detected by
the low flash point, which will be about or less than 400°F.,
while cotton oil does not flash below 475° F. The quantity
of such adulterant can of course be determined by the usual

tests.
CONSTANTS OF COTTON OIL.

Specific Gravity at 15° C. (60° F.) . . 0922 to 0-925.
”" ” 100° C. (212° F.) . . 08725,
Solidifying Point, 0° to 1° C. (82° to 83° F.).
Insoluble Fatty Acids (Hehner Value), 96 per cent.
Saponification Value (Koettstorfer Test), 19 to 196 per cent. KOHL
Iodine Value (Hubl Test), 106 per cent.

CONSTANTS OF FATTY ACIDS FROM COTTON OIL.

Specific Gravity at 100° C. (212° F.), 0-880.
Solidifying Point, 82° C. (89° F.).

Melting Point, 85° C. (95° F.).

Combining Equivalent (Molecular Weight), 286.
Iodine Value (Hubl Test), 115.

LINSEED OIL.

There is scarcely a more useful plant grown than the flax
plant, known to botanists as Linwm usitatissimum. Its fibres
are converted into the textile fabric known from the earliest
times under the name of linen, one of the oldest, if indeed
not the oldest, of the textiles, while its seed is useful in a
variety of ways. In medicine it has wide applications. It
yields an oil that has many useful properties, some of
which will now be considered; while, after the oil has
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been extracted, there remains what was at one time quite
a useless bye-product. Hundreds of tons of it were at one
time annually thrown into the river Hull ; it is now the valu-
able well-known oilcake of commerce, largely used for feed-
ing cattle. The poorer seeds give about three parts of cake
and one of oil, and the richer two parts of cake and one of oil.
The value of the cakes is sometimes greater than the value
of the oil, as oil is often not three times the price of cake.
In earlier times this country was practically dependent on
Russia for its supply of seed, but at the present day linseed
is extensively grown in many parts of the world. The greatest
bulk is grown in India. Russia now holds the second place,
and the district of the River Plate the third. The seed is
flattish in shape, somewhat oval, and varies much in colour,
some being pale green, others pale brown, some reddish
brown, whilst some others are nearly white; all of it is
somewhat lustrous in appearance. Experts can tell, on
looking at a sample, whether it has been grown on the
borders of the Black Sea, the Baltic, in Calcutta, Bombay,
or on the River Plate, and from the appearance of each
sample can estimate pretty correctly what quantity of oil
each sample will produce. Baltic seed is often mixed very
largely with other seeds, several of which do not yield oil,
whilst others yield oil with quite different qualities from
linseed.

When linseed oil of a high and pure quality is desired,
seeds of a different kind have to be removed from the linseed
before it is crushed. These admixtures of foreign seed with
linseed are sometimes natural, that is, they all grow in the
same field together; but they are as often caused through
wilful adulteration. Some low-class Baltic seed does not yield
more than 20 per cent. of oil, whilst the highest class sced
(Bombay) occasionally yields 40 per cent. All the linseed
grown in India yields more oil than any of the seed grown
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in Russia. The difference in temperature is supposed to
affect the yield of oil, the warmer climate making the seed
richer in oil, whilst the colder one makes it poorer. Linseed
is manipulated in various ways, and is afterwards subjected
to pressure to expel the oil from it.

Linseed oil is a limpid oil of a greenish-yellow colour,
varying a good deal in shade, which depends partly on the
care exercised in the pressing of the oil and also on its re-
fining. East India oil is usually paler than other varieties,
while Black Sea oil is the darkest, although poor samples of
Baltic run very close in colour. The odour and taste of
linseed oil are peculiar and characteristic, not to be mistaken
for any other oil. In specific gravity linseed oil varies some-
what, the average being 0935, but the range is from 0-932
to 0'937 at the standard temperature of 60° F. ; at the boiling
point, 212° F., the specific gravity is about 0-881. It is
soluble in about forty times its own volume of alcohol at
the ordinary temperature, and in about five times its volume
at the boiling point. When exposed to cold it does not begin
to become solid until a temperature of — 27° C. is reached.

It is soluble in almost all solvents, like ether, petroleum
spirit, turpentine, benzol, ete.

Sulphuric acid has a powerful charring action on this oil.
Great heat is evolved, the temperature often rising consider-
ably above the boiling point of water, while a copious evolu-
tion of sulphur dioxide takes place and a treacly mass of a
dark red-brown colour is obtained. Nitric acid oxidises it
readily ; much depends upon the strength of the acid which
is used.

Iodine and bromine have a strong affinity for linseed oil ;
it will absorb 156 per cent. of its weight of iodine and 98
per cent. of its weight of bromine. In this respect linseed oil
has more energetic properties than any other oil.

Linseed oil is easily saponified by boiling with either
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caustic potash or caustic soda; it requires for complete sa-
ponification 18'9 per cent. of its weight of caustic potash or
1325 per cent. of its weight of caustic soda. With potash
it yields a soft soap, clear and transparent, of a brownish-
yellow colour, possessing a peculiar smell, and having good
detergent properties. 'When the proportions of alkali and oil
are carefully regulated the soap may be obtained of neutral
properties. With caustic soda, linseed oil forms a reddish-
coloured soap of a buttery consistency ; on this account lin-
seed oil is rarely if ever used in making any of the ordinary
domestic hard soaps, although it does find its way into a few
of the special soaps.

Linseed oil is the basis from which nearly all the soft
soaps of commerce are made, and for this purpose no better
oil can be used ; a linseed oil soft soap is of a good bright ap-
pearance, pleasing in colour and free from any objectionable
odour, which is not the case with some other oils which are
used for making soft soaps. The soap retains its consist-
ency for a considerable period, which is a point of some little
advantage in soft soaps.

When a linseed oil soap is treated with dilute sulphuric
acid the fatty acids are separated out; these acids are of a
buttery consistency, melting at from 22° C. to 25° C. At the
ordinary temperature they have a specific gravity of 0-924 to
0927, while at the boiling point their gravity is 0'861 to
0-864.

They are insoluble in water, but dissolve readily in alco-
hol, glacial acetic acid, ether, and other solvents. Their
combining equivalent is very high, viz., 306, which points to
the presence of acids of high molecular weight.

Some recent researches tend to show that there is present
in linseed oil an acid named linolic acid having the same
formula as homolinoleic acid, which yields sativic acid when
acted upon by an alkaline solution of potassium perman-
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ganate ; the other is named linolenic acid, and differs from
the last acid in containing two atoms less hydrogen. Per-
haps the most important property of linseed oil is that of
drying upon exposure to the atmosphere ; this makes it very
valuable in painting, but has no bearing on its use in soap-
making.

CONSTANTS OF LINSEED OIL.

Specific Gravity at 15° C. (60° F.) . . 0-932 to 0-985.
" " 50°C. (122°F.) . . 04920
' 100° C. (212° F.) . . 0-881.

Solldlfymg Point, ~ 16 t0-20° C.
Saponification Value (Koettstorfer Test), 18'9 to 193 per cent. KOH.
Iodine Value (Hubl Test), 170 to 175 per cent.

CONSTANTS OF FATTY ACIDS FROM LINSEED OIL.

Specific Gravity at 15° C. (60° F.), 0°928.

” 100° C. (212° F.), 0-892.
Sohdlfymg Point, 16° C. (62° F.).
Melting Point, 20° C. (68° F.).
Combining Equivalent (Molecular Weight), 307.
Iodine Value (Hubl Test), 179 per cent.

CASTOR OIL.

.The next oil which claims notice is castor oil. This is
obtained from the seeds of the castor oil plant, Ricinus com-
munis, & native of India, where it grows luxuriantly; the
plant is a pretty common one in English conservatories and
80 is familiar to most persons. The seeds are of compara-
tively large size, of a greyish-green colour and of a
lustrous appearance; they contain a large proportion of oil,
nearly 50 per cent., which is extracted by pressure in the
usual way or by boiling the seeds in water. Several qualities
are recognised ; that extracted by pressure is the best and
sold chiefly for pharmaceutical purposes; the average com-
merical qualities are imported from Calcutta, Madras, Bom-
bay and France.

What is known as first pressure French is about equal
in quality to what is known as seconds Calcutta. Castor oil
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is a thick, viscid oil; in colour it varies from colourless in
the pharmaceutical product to a greenish yellow in the
poorer sorts ; its specific gravity ranges from 0°960 to 0-970,
the average being 0°964—occasionally samples are met with
having a specific gravity below 0960, but such are rare.
The odour varies considerably ; the best qualities are fairly
free, but the poorer sorts have a nauseous odour. The taste
also varies in the same way ; the common qualities have a
peculiar nauseous taste from which the best kinds are free.
It does not begin to become solid until a temperature of
- 18’ C. (0° F.) is reached, and even then only a few flakes are
deposited. This oil is distinguished from other fatty oils by
its peculiar physical and chemical properties ; it has a very
high specific gravity, a high viscosity. The relative viscosities
of castor and sperm are 1248 and 585 respectively, which
figures will convey some idea of the viscid character of this
oil. It is readily soluble in alcohol, 1 part in 4 of rectified
spirit at 15° C. (60° F.); this enables any addition of other
oils to be detected. It is insoluble in petroleum spirit or in
mineral oil, though this is only correct at ordinary tempera-
tures; on being heated castor oil will mix with or become
soluble in the petroleum spirit or mineral oil, but as the
temperature cools down again the two liquids separate out.
Castor oil consists of a little palmitin .which separates
out when the oil is cooled down and the glyceride of a
peculiar acid, ricinoleic acid, which has hitherto been found
only in castor oil. This acid has the composition shown in
the formula C,;H;;,OHCOOH ; it differs from the other fatty
acids in containing three atoms of oxygen, and there is reason
for thinking that this extra atom of oxygen is combined with
an atom of hydrogen in the form of hydroxyl, as shown in
the formula given above; ricinoleic acid is therefore an
hydroxy-fatty acid. The presence of this hydroxyl group gives
to ricinoleic acid the property of forming with sulphuric acid
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ethers; on this property is based the use of castor oil in the
preparations of oleine oil for calico printers’ use.

Castor oil yields about 9°1 per cent. of glycerine and 961
per cent. of fatty acids, these have a combining weight of
306 to 307 and a specific gravity of 09950 to 0951 at 60° F.;
they are thick, viscid and of an oily appearance, and besides
containing ricinoleic acid contain palmitic acid.

It yields a very soluble soap with caustic soda and is easily
saponified. By careful treatment a liquid soap may be
obtained which at one time was largely in use by dyers and
cotton finishers under the name of soluble oil ; castor oil soap
is very clear and transparent, therefore it is largely used in
preparing the cheaper kinds of transparent soaps, but being
very soluble in water such soaps are very wasteful in use and
while this may be a very good thing for the soap-maker it
is not for the soap-user.

Castor-oil soap has often a faint odour of the oil and is
apt to go rancid on keeping. It makes a good soft soap, but
is not much used for this purpose. It takes from 175 to 18 per
cent. of caustic potash, from 125 to 133 per cent. of caustic
soda to saponify it, rather less than the majority of fats and
oils; a stronger lye, from 15° to 18° Tw., can be used, and it
i8 easily boiled up and lends itself to the cold process of soap-
making with great facility.

Although not a part of the subject, the use of castor oil in
making what is variously known as oleine, soluble oil, Turkey-
red oil or alizarine oil may be touched upon. This is an oily-
looking product largely in use among dyers and calico printers
as a mordant for many colours, and is of great importance
in the dyeing and printing of Turkey and alizarine reds; it
mixes freely with water in all proportions and thus presents
many advantages over the rancid olive oils which were
formerly used for this purpose. This product is made by
taking at the rate of 4 Ib. of castor oil and mixing with it 1 1b,
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of ordinary commercial sulphuric acid, with constant stirring,
the object being toavoid any rise in temperature; the mixture is
then allowed to stand for not less than twenty-four hours, but
longer does not matter; to it is added half a gallon of water,
this being well stirred in until the mnass has a creamy appear-
ance; this mixture is also allowed to stand for twenty-four or
more hours, when it will be found to have separated into two
layers, an upper one of oil and a lower one of acid water ; this
is now run off, and if a good quantity of oil is wanted a
strong solution, about half a gallon, of salt is stirred in and the
mixture again allowed to stand for twenty-four hours; the
bottom layer of salt water is next run off; a lye of caustic
soda of about 50° Tw. is then prepared, and this is slowly run
in, with constant stirring, until a clear transparent liquid is.
obtained. The oil is now finished and ready for use.

CONSTANTS OF CASTOR OIL.
Specific Gravity at 15° C. (60° F.) . . 0960 to 0-966
" 100° C. (212° F.) . . 0°9096.
Sohdlfymg Point, - 17° to — 18° C. (1° to 3° F.).

N
Reichert Value, 16 c.c. —KOH.
10

Saponification Value (Koettstorfer Test), 17:8 to 18 per cens. KOH.
Todine Value (Hubl Test), 836 to 84 per cent.
Acetyl Value, 1534 per cent.

CONSTANTS OF FATTY ACIDS FROM CASTOR OIL.
Speciﬂc Gravity at 15° C. (60° F.) . . 0:9509.

" 100°C. (212°F.) . .  0-896.

Sohdlfymg Point, - 8° C. (27'5° F.).
Melting Point, 18° C. (57° F.).
Combining Equivalent (Molecular Weight), 292.
Iodine Value (Hubl Test), 90 per cent.

So far have been described all the fats and oils which enter
most largely into the composition of the ordinary run of soaps,
both soft and hard ; there still remain for description a few
fats and oils which are occasionally used for this purpose,
but owing to such circumstances as limited supply, higher

price, bad colour, etc., are but rarely applied in soap-making.
10
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As an adjunct, and to make this series of articles complete,
a few words will be said-about rosin.

CORN OIL.

This oil has of late come into considerable prominence
as a soap oil. It is obtained from the seeds of the maize
plant (Zea Mays) and is extensively produced in America,
being largely made as a bye-product in the manufacture of
starch and glucose from Indian corn. It is a viscid liquid
of a bright amber-yellow colour, has a faint and peculiar
odour, and sweetish taste, recalling that of corn-flour; it
has a comparatively high specific gravity, being comparable
with cottonseed oil in this respect ; it is comparatively easily
saponified, taking from 18°4 to 19 per cent. of caustic soda to
saponify it, yielding a soap of yellowish colour, very homo-
geneous and of good consistency, very closely resembling a
cotton-oil soap in its general properties. With caustic potash
it gives a soft soap of a good, bright, transparent appear-
ance, and good detergent properties, and it is for making soft
soaps that it will be found of most service. The oil yields
on saponification and acidification fatty acids melting at from
16° to 18° C., and solidifying at from 13° to 14° C.

CONSTANTS OF CORN (MAIZE) OIL.

Specific Gravity at 15° C. (60° F.) . . 0-9208.
" » 100°C. (212°F.) . . 08694.
Insoluble Fatty Acids (Hehner Value), 96 per cent.
Solidifying Point, — 10° C. (14° F.).
Iodine Value (Hubl Test), 116 per cent.
Saponification Value (Koettstorfer Test), 184 to 19 per cent. KOH.

CACAO BUTTER.

In the manufacture of the familiar beverage cocoa,
there is obtained a quantity of fatty matter commonly
known as cacao or cocos butter. This is of a white or
yellowish-white colour, of a consistency somewhat like
butter, but perhaps a trifle harder; it possesses an odour of
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cocoa and has a plea.sa.ixt and agreeable taste. By exposure
to light and air it becomes bleached, but there is little
tendency to become rancid. It melts at about 30° C. (86° F.).
Cacao butter has a very complex composition, containing
the glycerides of stearic, oleic, lauric, palmitic, myristic and
other acids, while some authorities say that it owes its odour
to the presence of small quantities of theobromine. It is
rarely used in soap-making, although it could be so used
with good results, but that its price is rather against it; it
yields a good soap fairly soluble in water, lathering well and
possessing good detergent properties; it saponifies fairly
easily, but takes a little more alkali than tallow.

RAPE OIL.

This oil is pressed from the seeds of various species of
rape plants, Brassice Napus, Brassice Campestris, etc. It
is a brownish-green oil (brown rape oil), or in the refined
varieties a yellowish oil having a greenish tone. It has a
peculiar and characteristic odour. Its specific gravity varies
a little, but usually ranges from 0913 to 0°916, generally being
0914 at 60° F. By blowing air through it, it is converted
into what is known as * thickened rape oil,” a very viscid oil,
of specific gravity 0970 and a peculiar odour. Rape oil takes
about 17°25 per cent. of caustic potash or 12'5 per cent. of
caustic soda to saponify it. In each case soaps are obtained
which are of a greenish-yellow colour and smell strongly of
the oil. It is in consequence rarely used in soap-making:
then it is a costly oil. Further, the soda soaps are but of
a pasty consistency, too soft for hard soaps. This oil is
frequently adulterated, chiefly with cotton and mineral oils,
both of which are comparatively easy to detect. Rape oil
contains three peculiar and characteristic acids—brassic, rapic
and erucic acids, which belong to the oleic and linolenic
series of fatty acids, and they have a high molecular weight.
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WHALE OIL OR TRAIN OIL.

This oil used at one time to be largely employed in
the manufacture of soft soap, especially in Scotland, the
home of the fish oils, but of late its use even for this
purpose has decreased considerably. Whale oil, or, as it
is often called, train oil, is obtained from the blubber of
various species of whales. It varies very considerably, not
only in composition but in quality. There are many species
of whales, and each of these may be reasonably suspected of
yielding an oil which differs in some respects from the oil
of other whales. Generally, however, the whalers mix the
products of different whales together indiscriminately ; conse-
quently the oil from different whaling 'ships, capturing a
variety of whales, will differ somewhat. Then, again, the
methods of extracting the oil from the blubber vary very
much, and this has a very considerable influence on the
quality of the oil. Of late years there has been more care
exercised in the extraction of the oil, and consequently
the quality of the product has much improved. The old
method used to be to store the blubber in tanks, and extract
the oils either on some land or, oftener than not, when the
ship arrived home, when the blubber was either boiled in
water—the oil rising to the top and being collected—or
allowed to drain on racks, the former process giving the best
oil, the latter the worst. This method of keeping the blubber
for some time before extracting the oil resulted in its de-
composition, and the products thereby formed found their
way into the oil and decreased its quality by making it of a
darker colour and imparting to it a more powerful odour.
‘As a rule whale oil is extracted from the blubber by the
process of boiling it in water, whereby a better quality of
oil is obtained ; one advantage of the process being that the
ships can store more oil. Whale oil is a reddish-coloured oil,
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having a fishy odour and taste ; the colour, odour and taste
all vary in different oils. Its specific gravity is about 0925.
When cooled down, many samples of whale oil deposit
some stearin as & brownish-coloured mass, smelling of fish.
It takes about 18 to 19 per cent. of caustic potash, and
about 135 to 14 per cent. of caustic soda to saponify it.
The potash soaps are of a brownish-red colour and have a
fishy odour; they are very soluble in water. The soda soaps
have a dark-red colour and fishy odour, are rather soft in
consistency, and owing to this fact whale oil cannot well be
used in the preparation of hard soaps. Whale oil contains
notable quantities of valeric acid, which is one of the volatile
members of the stearic series of fatty acids.

RECOVERED GREASES.

In various industrial operations fats and oils and soaps
are used for a variety of purposes. In currying leather, cod
oil, tallow, castor oil, etc., are used for the purpose of soften-
ing it. Some of this grease is afterwards recovered and sold
as currier’s grease. In wool washing, scouring and fulling
soap is used in the process, and from the waste soapy liquors
the fatty matter they contain is recovered by various pro-
cesses. After raw wool has been washed and scoured it is
necessary to oil it for the purpose of enabling it to spin and
weave easily. This oil can be, and is, taken out of the wool
again. Some of the greases which are thus recovered may
be used in the preparation of soap, but a word of caution is
requisite. These greases require very considerable care in
buying, and it would be advisable to buy only after a sample
has been tested in the chemical laboratory to ascertain its
fitness for soap-making, and also only on condition that
the bulk was equal to sample. For these greases are of
a most variable composition, as will be seen presently, and
even professedly the same kind of grease may vary so much
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that, while one lot will make a fair soap, the next lot
may not. The necessity for the soap-maker to be cautious
in his buyings will be readily seen. A few of these greases
which may find their way into the soap-maker’s hands will
be briefly described.

Currier’s Grease.—This grease is obtained in the currying
of leather with oil, for which purpose cod oil is chiefly used,
but tallow, castor and other oils are also employed. The
grease, as usually sold, is of a soft consistency and varies in
colour from a pale brown to nearly black. It has a strong
and usually fishy odour, mixed with that of leather. It varies
very considerably in composition, containing more or less
water, animal oil, fish oil, tallow, animal tissue, bits of
leather, hair, skin, etc. Its value as a soap fat will vary
very much. In addition to the fatty matter which is present
there may also be some unsaponifiable matter and possibly
a small proportion of mineral oil; by itself it gives a soft,
dark-coloured soap, and it is rarely used alone in soap-making
but always mixed with other fats. Before using, it should
be melted over hot water and allowed to stand for some time
for the impurities to settle out; if these do not do so readily
it is best to pass the melted fat through a sieve. In testing
such greases the quantity of actual fatty matter they contain
should be ascertained by extraction with petroleum ether,
and this should be tested as to whether it is all saponifiable
or whether it contains any unsaponifiable fat, and as to what
kind of soap it gives.

Fuller’s Grease—The next recovered grease which is
sometimes offered for soap-making is fuller's grease, and in
connection with it mention may be made of what is known
as Yorkshire or wool grease.

In the process of manufacturing woollen cloth, the material
hag to undergo two scouring operations; in the first instance,
the raw wool, just as it is removed from the sheep’s back, is
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scoured, usually with soap, or with soap and soda, to remove
the natural grease, soapy matters and dirt it contains; after
this it is dried, and to facilitate any spinning operations
it is oiled with olive oil, oleic acid or some other oil.
After being spun into yarn and woven into cloth, the wool
has again to be scoured to remove from it the oil and dirt
which had been added to or got into it in the process of
manufacture : this scouring is necessary, as otherwise the
oil, etc., would interfere with the operation of dyeing to a
very material degree. These scouring operations are invari-
ably done with the aid of soap, sometimes, but not always,
aided by a little soda, but too much alkali must be avoided,
as it will act detrimentally on the wool fibre. At one time
the liquors containing all the soap used in the operations,
together with the grease and oil of the wool, were sent into
the rivers to waste ; the result being that the Yorkshire rivers
were notable on account of their pollution. Then some really
bright genius—we do not think that history has recorded his
name, at all events we have never come across it—conceived
a plan to recover the fat and grease in a usable form, and
since then many thousands of tons of grease have been
recovered from the soap liquors of the wool scourer, and
many thousands more will be so in the future. The process
generally followed is to run the soap liquors into large tanks,
where all the dirt is allowed to settle out. In these tanks the
liquor is first heated by steam, and then hydrochloric acid is
run in; this decomposes the soap in the liquors and causes
the fatty matter to rise to the top, whence it is removed,
pressed, and sent into commerce. A somewhat better pro-
cess is to treat the waste soapy liquors with just sufficient
calcium chloride to decompose any soap present, and form
thereby lime soap, which, with any fatty matter, will col-
lect in curds on the top of the liquor; this lime soap is
collected, while the liquor will generally be of sufficiently
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clear and good quality to be run into the river. The
lime soap is then heated with sufficient dilute hydrochloric
acid, whereby it is decomposed, the fatty matter liberated
and collected,while the lime dissolves in the form of calcium
chloride, ready to be used for precipitating out more lime
soap in a new lot of liquors.

It will be obvious to most persons that at least two kinds
of greases are recoverable from the waste liquors of the
woollen mills. The first is that obtained from the scouring
liquors off raw wool —this is what is generally named
Yorkshire or wool grease, usually the latter. The second
grease is that obtained from scouring the cloth after manu-
facture and after it has been fulled—this is known as
fuller’s grease. This will be considered first.

Fuller's grease varies considerably in appearance from a
dirty yellowish-brown to a dark-red grease, of about the con-
sistency of butter, pasty in feel and often sticky and viscid.
If prepared from the waste liquors of the fulling mills it will
consist simply of the oil used in the batching of the wool, free
fatty acid liberated from the scouring soap and some colour-
ing matter; much, however, depends upon the care with
which the various operations of batching and scouring have
been carried out, while the quality of the batching oil and of
the scouring soap used has a material influence. If these
are of poor quality, then the recovered grease must be of
poor quality too. The following are two analyses of fuller’s
grease ;—

Moisture . . . 1-25 —

Free fatty Acid . . 258 1-49
Saponifiable oil . . 9262 7256
Unsaponifiable oil . . 860 2595

The first onc is of very good quality, while the second
contains too much unsaponifiable matter to make it service-
able as a soap fat.
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1t can only be used in making very common soft and
cheap hard soaps, and even then must be mixed with rosin
or other fats in not too large quantity.

Wool Grease.—The grease which is obtained from the
liquors of the first scouring operation is of variable quality,
as the following analyses by the author will show :—

Water . . . . 098 1-58 121 0-94
Fatty acid . . . -, 1861 2425 24-15 2643
Saponifiable oil . . . 68-62 58-25 80-02 16-86
Unsaponifiableoil . . 1168 1583  44:44 5577
Ash . . . . . 011 014 0-18 Trace

The unsaponifiable matter in this grease consists chiefly
of a peculiar body present in the raw wool and known as
cholesterine. This body partakes somewhat of a waxlike
character, but is not acted upon by alkalies, although it is
more or less soluble in soap liquors and hence is found in the
waste liquors and in the greases recovered from them. It
imparts to the grease certain undesirable properties, among
others that of forming a greasy-looking and rather sticky
soap, 8o that it is not to be recommended, even if a fairly
large proportion of some other fats be mixed with it.

A common method of dealing with this grease is to sub-
ject it to distillation with the aid of superheated steam, when
a pale-coloured somewhat granular grease distils over. This
has been used for soap-making; it has about 15 per cent. of
unsaponifiable matter, and has a peculiar and rather unpleas-
ant odour; it does not give any satisfactory result.

Oleic Acid.—This product is obtained as a bye-product in
the manufacture of candlemaker’s stearin by distilling fats
with the aid of superheated stean, as in the process invented
by Mr. Wilson, of Price's Patent Candle Co., Ltd., or by
saponification with lime under pressure in the autoclave,
ag it is usually carried on now, with subsequent treatment
of the lime soap so formed with acid.
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In either case the mixture of fatty acids which is obtained
is pressed by means of an hydraulic press ; the oleic acid comes
out, while the solid stearic acid remains in the press. The
oleic acid as it comes from the press is a dark-coloured oily
liquid, which can be refined into a pale yellowish-coloured,
oily-looking fluid. It is sold commercially as pale oleic acid,
brown oleic acid, crude oleic acid. In colour it varies from
a pale yellow to a dark red, as will have been gathered from
what has previously been said’; sometimes it may contain
small quantities of solid particles. In specific gravity it
varies from about 0889 to 0:907. The following analyses
will give some idea of its composition :—

Free acid . . . . 962 938 845 894
Saponifiable oil . . . 2:5 28 58 86
Unsaponifiable oil . . 18 89 102 20

The free acid consists mostly of oleic acid, but there is
usually present some stearic acid, and generally acetic, suberic
and sebacic acids, which have been formed by the decom-
position of the fat during the process of manufacture, this
decomposition being greatest in the distillation. The hydro-
carbons or unsaponifiable matter have been produced by
the decomposition of the fatty matter at the same time; the
hydrocarbons formed are probably members of the paraftin
series.

Oleic acid combines readily with caustic soda, but unless
considerable care is taken in mixing the liquids, and using a
dilute solution of the alkali, a very granular mass is obtained,
which will require a prolonged boiling to convert it into an
homogeneous soap. Oleic acid will also combine with the
carbonate of soda to form soap, and a good deal of manu-
facturer’s soap is made in this way.

During the operation a large quantity of carbonic acid
is evolved, which causes the mass to fob up very con-
siderably, hence a capacious boiler is required when soap is
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made from oleic acid and carbonate of soda. By using pale
oleic acid and soda ash a fairly good soap can be made.

In the distillation of Yorkshire or wool grease there is
obtained an analogous body known as ¢ Oleine " ; this contains
a large proportion of oleic acid, but there are usually present
larger quantities of unsaponifiable oils and of saponifiable oils
than are contained in ordinary commercial oleic acid, as the
following analyses by the author will show :—

Water . . . . . 1-12 2-38 —_

Free fatty acid . . . 5502 56-26 64-42
Unsaponifiable oil . . . 8466 2946 995
Saponifiable oil . . .92 1195 2563

These are mostly used for batching wool ; they are rarely
used in making soap, the large and variable quantity of
unsaponifiable oils which they contain rendering them rather
unsuitable for this purpose.

When buying the various kinds of recovered greases and
oleic acid and oleines soap-makers should always buy from
samples and have these tested by an analyst to see that
they are suitable for their purpose. Ocular inspection will
not distinguish between a grease which will make a fairly
good soap and one which contains so much unsaponifiable
matter as to render it useless for soap-making.

ROSIN.

Rosin is the residual body left behind in the distillation of
turpentine from the resin of pine trees; this rosin is run
into barrels and sent into commerce. What comes into this
country is almost all of American origin. It is made, of
course, in both France and Russia, which are great turpen-
tine-producing countries, but what rosin they produce is
used locally, little if any coming into English commerce.

Rosin is a brittle, more or less transparent, resinous
body, varying in -colour from pale yellow to black. The
colour of black rosin is really a dark red when looked through,
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but it appears black on looking at it. Sometimes the rosin
is opaque, and not transparent; this is due to the presence
of water, which may be got rid of by keeping in a warm place
for a short time. Several qualities of rosin are distinguished
in trade—‘‘ window glass,” “amber,” * common,” “black,” etc.
This difference in quality is due partly to the quality of the
crude turpentine from which the rosin is obtained, partly to
the amount of care exercised in its extraction. The best
“virgin "’ gives window-glass rosin, “ yellow dip ’ gives amber
rosin, and ‘““scrapings”’ the black rosin. Rosin has a faint
but characteristic odour,which becomes more highly developed
on warming. It is usually homogeneous in structure, quite
amorphous, and very friable, readily breaking up into small
fragments or into fine powder, which has a rather rough and
peculiar feel. Its specific gravity varies, but is about 107 to
110. It begins to soften at a temperature of 80° C., and
melts into a limpid fluid at 100° C. It is quite insoluble in
water, but it is soluble in acetone, hot alcohol (on cooling
crystals of sylvic acid deposit), benzene, ether, petroleum oils
and most fatty oils. Rosin may be distilled in a vacuum
almost unchanged, but if distilled under ordinary conditions
it is decomposed and yields acid aqueous liquors, a limpid
spirit, and a viscid oil with smaller quantities of other bodies.
The chemical composition of rosin has not yet been
thoroughly worked out, and authorities differ somewhat on
this subject. This, perhaps, is due to the fact that there
are several varieties of rosin prepared from different va-
rigties of pine resins, and those chemists who have investi-
gated rosin have not made sufficient allowance for this fact.
Some authorities consider rosin to be composed of two
isomeric rosin acids, named pinic and sylvic acids, the former
of which is soluble both in hot and cold alcohol, the latter
only in hot alcohol.
To these acids is assigned the formula HCyHy0,, while
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other chemists consider that rosin contains as its essential
constituent abietic anhydride. This body, when acted on by
alkalies, is converted into abietic acid.

Rosin is easily dissolved by solutions of either the caustic
or carbonate alkalies forming rosin soaps. These have strong
detergent properties, but have a dark colour and arc soft and
sticky in consistency. As the soap-maker says, they have no
body, hence rosin is never used alone to make soaps, but it
enters into the composition of most domestic hard soaps and
soft soaps of commerce. The quantity of caustic soda or
potash required to saponify rosin is very variable, ranging from
17 to 19 per cent. of caustic potash, and from 12 to 13'5 per
cent. of caustic soda.



CHAPTER 1IV.
PERFUMES.

IN the scenting of soaps, etc., and in the preparation of per-
fumes, there are employed essential oils and other substances
derived from a great variety of products. The preparation
of the essential oils is a comparatively simple process, al-
though to obtain the best product great care has to be taken
- in the selection of materials, and in carrying out the opera-
tions involved in extracting the oil or essence ; thus it is im-
possible to obtain a fine oil of violets from faded flowers, and
otto of roses of the finest fragrance can only be obtained from
flowers which are just ripe. Generally the oils are obtained
either by pressure in a screw press or by distillation with
steam, the oils in general possessing the same property as
turpentine of being distilled over boiling water or in a cur-
rent of steam.

Those oils which are mostly in use for perfumery purposes
are described in the following brief notes, which for the sake
of convenience are arranged alphabetically :—

ANISE.—This is obtained from the seed of Pimpinella
anisum, a plant which grows over a wide extent, and is ex-
ported from Russia, Thuringia, Moravia, Chili, Spain, Le-
vant, etc. The yield of oil ranges from 1°3 per cent. to 3 per
cent., Levant giving the smallest, and Spanish anise the
largest yield. Slight differences are observable in the odour
of the oil from seed grown in different localities. It is
colourless or at most a faintly yellow oil when fresh. On being
kept, especially when exposed to the air, it becomes dark



PERFUMES. 159

yellow in colour. Badly made and inferior oils may also
possess this dark colour. It has apleasant odour, and an aro-
matic sweet taste. It solidifies at 50° to 59° F. on account
of its containing a stearoptene known as anethol. On ex-
posure to air anethol is converted into anisic aldehyde with
some resinification, oxidation taking place. Its specific gravity
is 0980, and it is soluble in an equal volume of alcohol.
This oil must not be confounded with oil of star anise, with
which it is often adulterated. Sometimes other oils are
added, together with a little paraffin or spermaceti, to bring
about the solidifying of the adulterated oil at lower tem-
peratures.

BERGAMOT.—This is obtained from the rind of the fruit
of the Citrus limetta, a species of lemon, which yields about
3} per cent. of the oill. When fresh it has a pale yellow
colour, but may often be met with of a greenish tint, which
‘is due to its having been kept in a copper vessel. It has a
strong and agreeable odour. Its specific gravity varies from
0850 to 0°980; it boils at 118° C. and solidifies at 11° F. It
dissolves freely in alcohol. Bergamot oil contains terpenes,
linalo6] acetate, and a small quantity of linalol. The linaloél
acetate is the odorific principle, and is present to the extent
of 40 per cent. and upwards. It can be estimated by means
of Koettstorfer’s saponification test.

As adulterants refined turpentine oils, or oils derived
from oranges and lemons, with rosin are used.

It is advisable to keep it out of contact with air, as it
absorbs oxygen, and thereby loses its odour, acquiring that
of turpentine. Oil of bergamot is largely employed in the
perfuming or scenting of soap.

O1L oF BITTER ALMONDS.—This oil is obtained from the
fruit of the Amygdale amare, or bitter almonds. The fruit
is pressed to separate out all the oil it contains, then the
meal is mixed with water, and warmed to 106° to 113° F.
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for some hours; a fermentative action sets in, and a vegetable
principle, amygdalin, present in the meal, reacts with other
constituents and forms the oil together with some sugar and
prussic (hydrocyanic) acid. To obtain the oil the fermented
meal is distilled, 1 per cent. being the usual amount obtained.
When pure it is a colourless, very refractive liquid, having
a specific gravity of 104, so that it is slightly heavier than
water. It boils at 180° C. (350°F.). On exposure to the
air the oil gradually undergoes decomposition, and is changed
into benzoic acid ; hence it must be kept in air-tight vessels.
. Bitter almond oil is employed to a limited extent in the
making of perfumes, but not in scenting soaps, the almond-
like odour of which is commonly obtained by using what is
known as myrbane (nitro-benzol).

O1L oF CARAWAY.—This isobtained from caraway seeds,
which are well known to cooks and confectioners, who de-
light to add them to their cakes. These are the seeds of the °
tree Carum carwt, which is cultivated in various parts of
Germany and Holland, while it is found wild in Norway and
Russia. The average amount of the oil which can be ob-
tained is 5 per cent., but it is curious that the seeds from the
wild variety yield 1 to 2 per cent. more oil than the seeds
from the cultivated varieties. Caraway oil has a light yellow
colour, and an aromatic odour and burning taste ; its specific
gravity is 0960, and it boils at 195°C. (383° F.). It is
largly employed in the scenting of soaps, both alone and in
combination with other essential oils. Its odour is due to
an aldehyde known as carvol.

- Cassia.—This oil is obtained from both flowers and the
wood of the tree Cinnamomum cassia, the former yielding
about 2} per cent. of the oil, the latter only about } per cent.
Oil of cassia when fresh is of a yellow colour, but on keeping
it becomes of a dark-brown colour. It has a specific gravity
of 106 and boils at 252° C. (485° F.). It has a pleasant
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odour not unlike that of cinnamon, but by no means so
pleasant. It has a sharp taste, and is employed in the scent-
ing of soap and in the preparation of many perfumes.

CinNaMON.—This oil is obtained from the wood of the cin-
namon laurel, Cinnamomum zeylanicum, which grows very
extensively in China and Ceylon. The wood yields from 1
to 1} per cent. of oil. Three varieties are recognised in
commerce—Ceylon oil of cinnamon, Chinese oil of cinnamon
(which is also known under the name of cassia oil), and oil of
cinnamon leaves, the first being regarded as the true “ oil of
cinnamon . This oil is rather viscid, of a golden-yellow or
a golden-brown colour, according to the age, and has a burning
but sweet taste. The specific gravity is 1'030, and it boils at
240° C. (464° F.), while at 21° C. (—6° F.) it solidifies. On ex-
posure to the air it absorbs oxygen, becoming thicker, darker
in colour, while its flavour deteriorates. The principal con-
stituent is cinnamyl aldehyde.

Chinese oil of cinnamon has a specific gravity of 1:065,
and contains about 75 per cent. of the aldehyde. It used to
come over very largely adulterated with rosin, etc., but now it
is sent over fairly pure. It is not equal in quality to Ceylon
oil.

Oil of cinnamon leaves is a very inferior article, used for
adulterating the better grades of oil, and in scenting soaps.
This oil is rather heavier (its specific gravity being 1053)
than Ceylon oil, although not so heavy as the Chinese oils.

0Oil of cinnamon is largely employed in the preparation of
perfumes, and in scenting soaps, etc.

CiTRONELLE.—In India and Ceylon are grown many
species of grass-like plants, which yield oils having an
aromatic odour. The oils from these are commonly known
as grass oils, of which the following are the chief: citronelle.
lemon grass, vetiver, ginger grass. Citronelle is obtained
from the grass Andropogan nalo'dus, largely grown in Ceylon,

1
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where the oil is extracted in large quantities, and exported to
this country. It has a pale yellow colour; a peculiar, pleasant
odour. It is very largely employed in the preparation of
perfumes and the scenting of soaps.

CrLove.—This is obtained from the fruit buds of the
clove tree, Caryophyllus aromdticus, which comes from Am-
boina, Bourbon and Zanzibar. These contain about 18 per
cent. of oil. 'When fresh this oil is colourless, but it soon
becomes yellowish to brown. It is rather heavier than water,
its specific gravity being 1030, and it boils at 268° C. (478°
F.). It has an exceedingly strong burning taste and a
pleasant spicy odour; it is largely employed in the scenting
of soaps, either alone or in common with other oils.

CorIANDER.—This oil is obtained from the seeds of the
coriander plant, Coriandum satrium, which yield from to1l
per cent. of the oil. The tree is grown in Russia, Holland,
Italy, India, North Africa and other localities. It is ofa
pale yellow colour, sharp aromatic taste, and pleasant odour.
It is rather lighter than water, its specific gravity being 0-875,
while it boils at from 150° to 200° C. It is very largely
employed in the scenting of soaps.

LeMoN GRass.—This oil is prepared from the lemon
grass, Andropogon citratus, a native of Ceylon, while it is
also cultivated in India. From these countries are exported
large quantities of these oils. It is a colourless oil, possessing
a pleasing odour of lemon, with a slight reminiscence of that
of roses or geraniums ; on this account it is often substituted
for the oil of rose geranium. It is rather lighter than water,
its specific gravity being 0-870 to 0'898 ; it boils at 220° C. (428°
F.) and solidifies at 22° C. (—8° ¥.). It is very much used
in the scenting of soaps and in the preparation of soaps of
various kinds.

GERANIUM OR ROSE GERANIUM.—In Southern France
and Algiers the Pelargonium rosewm, or geranium, is very
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largely cultivated, and from its leaves is obtained about } per
cent. of an odoriferous oil which has an odour not unlike that
of roses, hence the reason why this oil is sold as oil of “rose
geranium to replace the true oil of roses, where the cost of
the latter oil prevents its use. Oil of geranium has a
specific gravity of 0895, and a boiling point of 220° C.
(480° F.). It is very largely used in the making of perfumes
and in the scenting of soaps.

LAvVENDER.—Probably no perfume is better known than
that of the lavender, the flowers of Lavandala vera, which is
grown very extensively at Mitcham, in Surrey, and in other
localities. The flowers yield about 3 per cent. of their weight
of oil. The Mitcham oil is considered the best, having the
most delicate perfume, and therefore commands the best
price. German lavender oil is of good quality, and is cheaper.
An oil is also obtained from the spike lavender, Lavendara
sptkum ; this however is not so good as the true lavender oil,
although it is sometimes supplied in its stead. Oil of lavender
has a light yellow colour and a sharp burning taste; it must
be kept in air-tight vessels, as otherwise it undergoes decom-
position, losing its fine odour of lavender, and acquiring that
of turpentine. Oil of lavender is lighter than water, but its
specific gravity is very variable, ranging from 0-870 to 0-940,
and its boiling point varies from 186° to 192° C. Oil of
lavender is much used in the preparation of perfumes, and
in the scenting of soaps, etc.

NERoLL—This is obtained from the flowers of the orange
tree and comes from the South of France, where the orange
tree is cultivated for this particular purpose. The oils ob-
tained from different species of orange tree vary a little in
quality ; that from the Seville orange tree, Citrus vulguruis, is
considered the best. On exposure to the air they undergo
oxidation and become of a red colour; they ought to be kept
in a cool place in well-closed vessels. Oil of neroli is colour-
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less, having an odour of orange, and possesses a bitter taste.
It is lighter than water, having a specific gravity of 0'889,
and a boiling point of 175° C. (337° F.). This oil is em-
ployed in the scenting of soaps and in the preparation of
various perfumes.

OraNGE.—Oil of orange should not be confounded with
the oil of neroli; while the latter is obtained from the flowers,
the former is pressed from the rind of the fruit. Orange oil
has a golden-yellow colour, with an odour and taste of the
fruit. It has a specific gravity of 0830 to 0:860, and boils
at 171° C. (330° F.). Two varieties are met with in commerce,
that from the rind of the bitter orange and that from the
rind of the sweet orange; there is very little difference
between them. They are employed in the preparation of
perfumes, mineral waters, and in scenting soap.

SassaFras.—This oil is extracted from the wood of the
sassafras tree, Sassafras officialnis, which yields about 2} per
cent. of the oil ; it has a yellow colour, a peculiar but pleasant
odour and taste. It is rather heavier than water, its specific
gravity being 1'082. It contains a peculiar principle named
safrol, which is also contained in oil of camphor. Oil of

sassafras is largely used for the scenting of soap and other
articles.

StAr ANISE—This oil is extracted from the seed-pods
of & Chinese tree (/llicium anisatum); it closely resembles
oil of anise in all particulars, and is generally preferred by
perfumers. It is lighter than water, having a specific gravity
of 0892. These pods yield about 2 per cent. of the oil. A
similar oil, but to a smaller extent, is obtained from the seeds
of a Japanese tree (Illicium religiosum) that possesses family
resemblance to the Chinese tree. This oil is, however, not
8o good in quality.

WINTER GREEN.~-This oil is extracted from the leaves
and twigs of the winter green, Gaultheria procumbens. This
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oil consists essentially of methyl salicylate; it has a specific
gravity of 11173, and boils at 220° C. (428° F.). It mixes
freely with alcohol and other solvents. It is largely used
in the scenting of soaps, imparting a pleasant fragrant odour.

Musk.—One of the most delicate perfumes is that known
as musk; quite a number of plants and animals have this
odour. A favourite window plant is the common musk
(Mivmulosa moschatus), with its bright yellow flowers and
fragrant odour. Others are : Erodium moschatum ; Adoxa
moschatellina, the tuberous moschatel; Nardostachys juta-
manst, the spikenard of the ancients; Eurybia argophylla,
the silver-leaved musk tree of Tasmania; Moschoxylum
swartzii, the musk wood of Jamaica; Guarea trichoilides
and other species of Guarea, the musk woods of Guiana
and the West Indies, while the seeds of Hibiscus abelmoschus
are valuable for perfume, and are commercially known as
musk seed. With the exception of the last, none of the
other plants are cultivated for their odour.

Among animals which have a musk -like odour, first place
must be accorded to the musk deer (Moschus moschatus),
which is the source of the musk of commerce. There are
the musk ox (Ovis moschatus), noted for its skin; the musk
rat (Hiber zibethicus), also valuable for its skin; the Indian
musk rat (Sorex indicus); the alligator of Central America
and the crocodile of West Africa also have musk glands,
which are occasionally extracted and employed as a perfume.
The excrement of the gazelle (Gazella dorcas) has a musk-
like odour, and yields 7 per cent. of an odorous extract to
alcohol.

The musk deer, from which nearly the whole of the musk
of commerce is obtained, is a native of the Himalayas, where
it may be found on every hill having an altitude of over
8000 feet, and lives on the underwood of the forests abound-
ing on the Himalayan range. It is an animal of about the
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size of a greyhound, shy, but very agile, and somewhat noc-
turnal in its habits. The musk pod from which the odor-
ous secretion is obtained is found only in the males, the
females being devoid of any odour; the pod is found near
the navel between the flesh and the skin, and is composed of
several layers of thin skin in which the musk is found in the
form of grains, of irregular shape, roundish and ovoid, vary-
ing in size. The pod is developed before the animal is born ;
at first, and for two years after birth, the contents of the pod
are soft, milky in appearance, and have rather an unpleasant
odour; at the end of the two years the contents change into
musk and increase in quality afterwards; at first the weight
averages 8 oz., and at full growth may reach 2 oz.; the
average is, however, 1 to 1} oz. It varies also with the
seasons, being greatest in the rutting season.

The animals are usually snared in specially constructed
snares of fences and ropes, then killed, and the pod extracted
and dried in the sun, although other methods are occasionally
adopted.

Musk makes its appearance in two forms in commerce—
“musk in pod” and ‘“musk in grain”; the former is the
material in its natural receptacle, while the latter is that
removed from the pod. It is imported from (1) Tonquin,
China, and Tibet in small chests, containing twenty-five
packets of musk encased in lead. This is considered the best
quality, and commands the highest price, but is most adul-
terated. (2) Assam, which comes in bags packed in a box,
containing 200 pods, rather irregular in size and form, and
having a strong odour. (3) Kanardin or Russian, which is
very inferior in quality and poor in odour.

Musk for use in perfuming is prepared as an extract or
tincture by means of alcohol; it is rarely used alone, but is
combined with other perfumes. It is an exceedingly per-
manent perfume; one grain of musk will emit its scent for
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years, and it appears to impart some of its permanence to
other perfumes. It cannot be mixed with all substances
without deterioration; some, such as bitter almonds and
ergot, destroy it, while camphor and valerian change its
character very much.

Tincture of musk is prepared in the following manner
Take 1 0z. musk in grain, 10 0z. alcohol, § 0z. ammonia.
Grind the musk with a little of the alcohol, then mix all
together and allow them to digest for several days, shaking
at intervals, then filter. Add to the residue 5 0z. alcohol and
digest again for three days, then strain and add tincture to
the first lot. Add another 10 oz. alcohol to the residue and
repeat the operations. The weak tincture made with this
third extraction is in place of alcohol for extracting a fresh
batch.

Another method is to grind together 1 0z. musk in grain,
2 o0z. sugar; then add 2 quarts alcohol, 1 oz pearl-ash.
Allow to stand for a week, shaking at intervals, then filter,
when the tincture will be ready for use. This will be rather
weaker than the above.

ArTIFICIAL MUSK.—Under the name of ‘ Musk Baur”
there has been introduced into commerce, since about 1890,
a white powder, which has a strong odour of musk, and it
has been largely employed in imparting a musk odour to soaps.
The production of this has been patented (No. 4963, 1889) by
the discoverer, Albert Baur. There can be isolated from
rosin spirit a hydrocarbon, butyl toluene. which has the
formula C¢H,(CH;) (C;H,). The simplest method for making
artificial musk from this is to allow the hydrocarbon butyl
toluene to drop slowly into five times its weight of a mixture
of one part of nitric acid of 15 specific gravity, and two parts
of fuming sulphuric acid, containing 15 per cent. of anhydride,
and heating the mixture on a water bath for cight or nine
hours. On pouring the mass into water a crystalline mass of
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impure nitro compound is obtained. This is renitrated, and
the product recrystallised from alcohol

Musk Baur, the trinitro-iso-butyl-toluene, occurs in the
form of a creamy crystalline powder, which is insoluble in
water, but is easily soluble in alcohol, ether, chloroform,
petroleum spirit, benzine. It melts at 96° to 97°C. It hasa
most intense odour of musk, and may be used in perfuming
soaps. Its odour is not quite so pleasant as that of true
musk. It may be added direct to the soap or preferably in
the form of a solution in methylated spirit. _

Although Musk Baur is at present the only form of arti-
ficial musk to be met with in commerce, yet other compounds,
mostly trinitro derivatives of aromatic organic compounds,
are known, which have a musk-like odour, and will probably
be sooner or later placed on the market.

MyRBANE.—This product is largely used in the scenting
of soaps and other products which require a cheap scenting
material, owing to its pleasant odour of almonds, while it is a
strong agent for perfuming soaps, etc. Chemically it is nitro-
benzene, having the formula CZH;NO,, and is manufactured in
large quantities by treating benzene, the benzol of the coal-tar
distiller, with a mixture of nitric and sulphuric acids. The
crude product is mixed with water to free it from excess of
acids when distilled. Mpyrbane, or nitrobenzene, is a pale
straw-coloured liquid having an odour of almonds; its specific
gravity is 1209, so that it is heavier than water, in which it
is almost insoluble. It mixes freely with oils, fats, spirits,
etc. It boils at 207° C., while it can be cooled down until it
forms a solid, having a melting point of 4° C. It is capable
of being distilled in a current of steam,a property which may
be taken advantage of to free the crude nitrobenzene from
unchanged benzene or other hydrocarbons. A valuation of
the commercial product may be made by determining its
specific gravity, which ought to be exact. When treated with
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:a mixture of zinc and hydrochloric acid it ought to yield
nothing but aniline, while no hydrocarbons should be left
behind on distilling some in a retort with steam. In the soap
trade myrbane is very largely used for scenting soaps. Being
very strong, it takes but little to develop a pleasant almond
odour, while it mixes well with other perfumes. It retains
its odour for a long period.



CHAPTER V.
WATER AS A SOAP MATERIAL.

WATER is such a ubiquitous substance and finds so many
applications in industrial and domestic uses that much may
be written about it of a very interesting character so as to
appeal to almost every reader; however, here it is simply
proposed to consider it as the most valuable chemical com-
pound which is known.

Water is a compound of the two gaseous, non-metallic
elements, oxygen and hydrogen, in the proportion of 16 parts
by weight of the former to 2 parts by weight of the latter;
its chemical formula is H,0. Under ordinary conditions it
is & colourless liquid, perfectly neutral in all its properties.
‘When heated to a temperature of 212° F. (100° C.) it boils,
and passes off in the form of an invisible gas. The tempera-
ture at which water boils is found to be a constant one and
hence is taken as one point in the graduation of the ther-
mometers, the boiling point, 212° on the Fahrenheit scale,
100° on the Centigrade scale, and 80° on the Reaumur scale.
‘When water is cooled down it solidifies into & solid white ice ;
the temperature at which it solidifies is also a constant one,
and is taken as the zero or starting point on the Centigrade
and the Reaumur scales, 0°, and is 32° on the Fahrenheit
scale. Water is taken as the standard of specific gravity of
solids and liquids; this is on account of the fact that it can
be obtained anywhere in a state of purity ; its specific gravity
i8 1'000. Ice is lighter than water, having a specific gravity
of 0°9; it will therefore float upon water, a property of im-
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mense natural importance. When water is transformed into
vapour it expands some 1500 times in volume. When water
is changed from solid ice it absorbs heat which is rendered
latent or imperceptible, not being capable of measurement by
the thermometer: the latent heat of water is 142} units of
heat. In a similar manner when liquid water is converted
by heating into gas it also takes up and renders latent a
large quantity of heat, the latent heat of water gas being 966
units. When water gas is eonverted back into liquid water,
this latent heat is given out, a property on which depends
the employment of steam for heating soap pans, evaporating
liquids, drying stoves, etc., and when liquid water is changed
to solid ice its latent heat is dissipated. These properties
have a very important bearing in relation to water as a
motive power; it is, however, not the intention to discuss
this point more fully here. When pure water is exposed to
the atmosphere or heated it is converted into vapour and
passes away without leaving any residue behind.

One English imperial gallon of water weighs 10 1b., while
one United States gallon of water weighs 833 lb. ; one cubic
foot of water weighs 62-3 1b.

When water is viewed in large masses, as in deep tanks
and lakes, it has a blue colour, and the purer the water the
deeper and brighter is this colour.

The most important feature about water is its great
solvent properties; there are few substances indeed which
will not dissolve in this liquid. There is, however, much varia-
tion in the degree of solubility; there are some substances
which will dissolve in their own weight of water, such as
calcium chloride,- caustic soda, while there are a few which
will form a solution with less than their own weight ; on the
other hand some bodies, such as calcium sulphate, strontium
sulphate, ammonium oxalate, are but sparingly soluble.
Temperature has an important influence upon the degree of
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solubility, the rule being that with an increase of temperature
there is-an increase in the quantity of substances dissolved ;
this is notably the case with such bodies as ammonium oxa-
late, potassium bichromate, boiling water dissolving much
more than cold water; on cooling hot solutions of these
bodies the salt crystallises out. When a solution contains
as much of a substance dissolved in it as the water will dis-
solve, it is said to be a saturated solution; from such solu-
tions the substance will crystallise out on cooling to be
re-dissolved again on the original temperature being re-
gained. The following table gives the strength of a
saturated solution of some important substances :—
TABLE OF SATURATED SOLUTIONS AT 15° C. (60° F.).

Per cent. of Specific De Degrees
Substance. Gravity. Twaddell. Beaume.

Ammonium chloride . 26-3 1-0776 155 10
» sulphate . 50-000 1-2890 57-8 828
Barium chloride . . 25-97 1-2827 565 81-7
Calcium chloride . . 4066 14110 82:2 42-1
Magnesium sulphate . 2525 1-2880 576 82-8
Potassium chloride . 24-90 11728 814 19-5
’ carbonate . 52:02 1-25708 114 52:4
. nitrate . . 21-07 1-1441 288 182
. sulphate . 992 1-0831 161 107
Sodium chloride . . 2639 1-2043 408 245
" carbonate. . 14-35 1-1535 807 1941
. nitrate . . 4625 1-3804 76 389-8
» sulphate . . 11-95 1-1117 22:8 145
Caustic soda . . . 54-92 1-500 100 481

Water plays a very important part in the manufacture of
soap ; it forms the medium through whose agency the fat on the
one hand and the alkali on the other are enabled to unite and
form soap; without water this combination or union cannot
take place. In addition to thus being the medium there can
be no doubt that water has other influences in soap-making
due entirely to its great solvent properties. Itisa well-known
fact that the grains or textures of soaps made in different works
from the same materials and by the same process often differ
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in a rather unaccountable manner ; this difference is most
likely to be caused by a difference in the character of the
water which is used in the various works.

There is no such thing as pure water in nature. The purest
i8 rain water, but this always contains some gases dissolved
in it, derived from the atmosphere during its passage through
that medium ; the next purest is spring water, then come
river waters, and, lastly, the most impure natural water is sea
water.

Spring, river, and sea waters contain dissolved in them
varying amounts of inorganic or mineral and organic matters
der.ved from the rocks over which or through which they
may have flowed. It may be inferred that on this account
such waters will vary considerably in the character and
extent of the matters which are contained in them. For our
present purpose we may leave sea water entirely out of con-
sideration as it i8 not used in making soap, and simply deal
with spring and river waters. Now it is found that waters
that are derived from a district in which the rocks consist
chiefly of granite or other silicious rock contain but small
quantities of matter dissolved in them, perhaps not more
than 4 to 5 grains per gallon, and these chiefly of an alkaline
character. 'Waters which flow through a region where lime-
stone or magnesian rocks predominate are liable to contain
more lime or magnesia in solution, sometimes in rather large
proportion. The presence of these bodies imparts a quality
known as hardness to the water, a quality which is more
easily demonstrated than described ; at all events such waters
are very difficult to wash with. Besides lime and magnesia,
water often, in fact nearly always, contains small quantities
of salt, iron, silica, etc. It is not needful here to discuss in
detail all that may be found in water.

Lime and magnesia exist in water in two forms, carbonate
and sulphate; the carbonates of these are almost insoluble
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bodies, and will not dissolve in pure water to any appreci-
able extent; on the other hand they are soluble in water
which contains carbonic acid in solution, in the form of the
bicarbonate, and as all natural waters contain more or less
carbonic acid it follows that such waters will take up the
carbonates of lime and magnesia from rocks and soils. By
boiling such waters the carbonic acid is driven off and con-
sequently the lime and magnesia which are held in solution
will be thrown down out of the water. The latter having lost
its lime becomes *‘ softened ”’; any hardness which is due to
the carbonates of the two metals in question is therefore said
to be ‘‘temporary hardness”. The sulphates of lime and
magnesia are soluble in water of their own inherent pro-
perties ; they therefore are not thrown down when water
is boiled; hence any hardness which is due to them is known
a8 ‘“ permanent hardness .

Now it is these lime and magnesia compounds which are
present in water which will exert the greatest amount of in-
fluence in the manufacture of soap. = This is due to the fact
that they have the property of entering into action with the
soap and forming therewith insoluble lime and magnesia
soaps; a very small amount of these substances in water will
react with a large proportion of soap; it is no uncommon
thing to find waters containing 30 grains per gallon of lime
carbonate and sulphate.

Now according to the equation

Goteum + G0 = godtem® * CLlubSatp™

Carbonate Carbonate
we see that 100 parts of calcium carbonate will react with
612 parts of soap to form 606 parts of an insoluble lime
soap ; this latter is the curdy masses which form when soap
is mixed with limey water. Now supposing we have water
that contains 30 grains per gallon of lime, then each gallon
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of that water will cause the formation of 183 grains of lime
soap, and if in a boiling of soap we are dealing with 6000 to
7000 gallons of water then the lime in that water will result
in the formation of 16 to 17 1b. of lime soap, which getting
into the finished soap must have some influence on the tex-
ture of the soap.

For all practical purposes the sulphate may be considered
to have the same action as the carbonate.

The soap-maker will desire to use a water which con-
tains as little lime and magnesia as he can get. In some
cases he cannot help himself, but must take the water as it
comes to him. He can, however, adopt some method of
softening or otherwise removing the lime, etc., from the
water. For this purpose several methods and appliances are
available. The original Clerk process may be adopted, which
consists in first determining the temporary hardness of the
water and then adding so much quick-lime as will combine
with the carbonic acid in the water, when both the carbonate
of lime or of magnesia originally present in the water and
the lime added will precipitate out, and on allowing the pre-
cipitate to settle in tanks the water becomes clear and is
softened. A modification of this plan, which is tedious, is
the Porter-Clark process, where the water and lime are mixed
together in proper proportions and the mixture sent through
a filtering apparatus. A better method is the Archbutt-
Deeley process, in which the water is mixed in a tank with
the requisite amount of a mixture of carbonate of soda and
lime, and the mixture blown with air for a short time, after
which the precipitate is allowed to settle and the clear liquor
drawn off. This process works well; it will reduce the hard-
ness of a water from 16° to 17° down to 3° with ease and
rapidity. Other methods have also been devised for soften-
ing water, and it would be worth while for the soap-maker
if he is working with a very hard water to soften it before
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using. It does not cost much, while the operation of making
the soap would be easier and a better quality of soap would
be turned out. Then where the water is also used in the
steam-boiler for raising steam another advantage would
accrue, and that is the reduction of scale in the boiler and a
necessary reduction in the coal bill.



CHAPTER VI
SOAP MACHINERY.

THE plan on which the present chapter is based will be that
of following the materials, the fats and oils and alkalies, used
in soap-making, through the various operations needful to
their transformation into a bar of soap, and describing the
various machines they pass through during that process.
Incidentally, a little may be said about soap-making, but it
is not intended to describe the operation of soap-making or
the process of making any kind of soap in any detail, reserv-
ing that portion of the subject for a subsequent chapter.
Care will be taken to point out the principles on which the
working of the machinery is based, and to show the best
methods of working. ’

It is a difficult matter to give general advice on the con-
struction of a soap factory, so much depends upon local
features, such as site, relations to railways and waterways,
proportion of floor area to vertical height, all of which have
a material influence on the planning of efficient soap works.
It is always best to have as much floor area as possible, so
that the great majority of the factory buildings shall be
one storey in height. One little point should be kept in
mind, and that is to so plan the various portions of the
works that as the operation of making fats and alkalies into
soap progresses they will travel from room to room in a
steady way, without having to traverse any ground previously
gone over. Another point is to use the power of gravity as

much as possible in the transference of oils, fats, and alkalies
12
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from one place to another; it comes much cheaper than
labour in carrying about.

The Alkalies.—The soap-maker receives his caustic potash
or caustic soda in large iron drums, containing the alkali
in a solid form ; this it is needful to reduce to a liquid form
by dissolving it in water. In many soap works this is done
by breaking out the caustic from the drum, which by-the-by
is a most unpleasant operation for the workmen engaged,
and throwing the lumps into an iron tank, usually placed
somewhere on the ground floor; water is run in and the
mass boiled with the aid of steam. This is by no means the
best method of working. Another defect which is sometimes
met with in old soap works, is having the top of the tank
level or nearly so with the floor. This is a bad fault, as
there is great liability for accidents to happen in the way of
operatives falling into the lye with disastrous results. In
the usual plan of dissolving the caustic, one of source of trouble
is met with, that of the caustic forming into a solid cake
at the bottom of the tank and refusing to dissolve, the lye
thereby being weaker than it would otherwise be.

The best method of making the soda or potash lyes is to
provide a tank in a room or place above the soap-boiling
kettles ; part of this tank may be placed below the floor; a
swing syphon tube should be placed in the tank for the pur-
pose of running off the lye. For this purpose a syphon tube
has many advantages over a simple or fixed tap placed on the
side of the tank. A grating should be fixed in the top of the
tank just below the surface of the liquor contained in the
tank ; this grating may be placed on supports which extend
from side to side of the tank. On this grating the drums
of caustic, which have had the ends knocked out, are placed.
The water penetrating into the drum gradually dissolves out
the caustic; the solution, being heavier than the water, sinks
to the bottom of the tank, a constant circulation of fresh
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water or weak liquor passing through the drum becoming
stronger in so doing, which then goes to the bottom of the
tank. This goes on until all the caustic in the tank is dis-
solved. This method of working means less labour in the
handling of the caustic, which is of some advantage; there
is no undissolved caustic formed at the bottom of the tank,
while the operation is done somewhat quicker.

Figure 25 is an illustration of a tank constructed on these
principles.

Fi6. 25.—Lye Tank.

The following table gives some idea of the most useful
sizes of tanks, with their capacities in gallons, when filled
to within one foot of the top, and the weight of caustic of
77 per cent. strength contained in the number of gallons of
Ive of various strengths.

Size of Tanks -+ Weight in Pounds of Solid Caustic 77

Gallons per cent. in Lye of

i Capacity. - i
i Depth. ‘ Length. ' Width. | 10° Tw. 20°Tw. 30°Tw. | 50° Tw.
e ——— ——— - I
; 5 5 3 374 171§ 332 Gl53 | 1047
' 5 3 3 500 ' 243 413 8237 11400

8 10 4 | 1-310 6363 11603 2156} 3668

8 12 5 2-620 1273 2321 43123 7336

' . |
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clear melted fat is run as required into the soap-kettle.
Figure 26 shows this arrangement.

It is best wherever it is possible to place the fat tanks
above the soap-kettle, so that the fat can flow by gravity into
the kettle. This, however, is not always feasible, and then
some means must be found to transfer the melted fat from
the tank to the kettle above. This may be done by means of
a pump, such as will be found described later on, but in many
soap works the transference is effected by means of what is
often named a stock-blower.

F1a. 27.—Stock-Blower.

The stock-blower is shown in figure 27. It consists of a
cylindrical vessel which can be made air-tight and placed
upright ; a little above the bottom is placed a dished false
bottom with a hole in the centre; this i1s for the purpose of
allowing any dirt and water to settle out under the false
bottom, which prevents them from getting into the soap-
kettle. A pipe passes from the bottom of the vessel to the
soap-kettle. A steam pipe passes steam into the top of the
vessel, and the pressure of this forces the stock into the soap-
kettle.
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Soap-boiling Kettles or Pans.—In the manufacture of
soap, alkali and fat are commonly boiled together. This is
carried out in what are called soap-kettles. These are al-
most invariably made of iron, although they can be built of
other materials. The size can, of course, be proportioned to
the quantity of material which has to be made, and some-
thing will be said on this point shortly. In olden times these
soap-kettles were always heated by fire, but in modern
soap works they are heated by steam, sent into the kettle
from a steam boiler. This steam may or may not be super-

F16. 28.—Fire-heated Soap Pan.
heated. Steam heating has many advantages over fire
heating. It is cleaner and, besides, less labour is required to
keep the materials in the pan wellmixed together —the passage
of the steam through the mass ensures this. Then in a fire-
heated pan there is a risk that those portions of the kettle
nearest to or in contact with the fire or hot fire gases will
become overheated, and any soap contiguous thereto will
become burnt or charred, and the pan of soap thereby dis-
coloured.  The great difficulty there is in keeping a pan of
pasty soap well stirred up by hand adds to this danger, which
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is quite absent from a steam-heated pan. Then there is
another point. Soap is very liable to froth over and fob, the
only remedy for which is to draw the fire or shut off steam
and allow the kettle and its contents to cool down. In the
case of a fire-heated pan this is by no means easy, and should
any of the soap materials boil over and get into the fire,
there is no telling what might happen. With a steam-heated
pan, shutting off the steam is all that need be done.

Figure 28 is a drawing of a fire-heated kettle. The kettle

F16. 29.—Steam-heated Soap-pan.

A may be made of any size ; it is supported by brickwork B
B, the upper portions P P of which are made to serve as the
working platform from which the contents of the kettle are
manipulated. The fireplace C is at one side, and the heat
and gases from the fire pass round the kettle in flues D D;
E is the ashpit.

As fire heating is going out of use in soap-making, it is
not needful to describe such kettles in more detail.

Steam is now almost universally used for heating soap-
pans, except perhaps in small works. Figure 29is a drawing
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of a steam-heated soap-pan, made by Messrs. W. Fraser &
Co., which shows the manner in which steam pans are
usually constructed.

This pan is, circular in shape, made of stout boiler plates
riveted together; a flange running round the pan about its
centre serves to act as its support, and for constructing a
platform to work the pan from. It is fitted with both open
and closed steam coils. This is almost absolutely necessary
in soap-pans. The open coil is employed during the first
portions of a boil, while the closed coil is used at the last.
The pipe fitted with a chain on the left of the figure is a
draw-off pipe (the skimmer pipe as it is called) for the finished
goap, and is connected with pipes outside the pan, which
convey the soap to the flames or crutchers as may be re-
quired. The opening at the bottom of the pan is for run-
ning off the lyes, and is for that purpose connected with
valves and pipes leading to the spent lye tanks.

It is customary with large pans to fix two openand two
closed steam coils, so that the degree of boiling can be better
regulated and under control than is possible if all the steam
were sent through one coil, for it must be obvious that a
certain amount of pressure is required to overcome the back
pressure of the materials in the pan against that of the
steam. If one large coil is turned full on, then the boiling
might be too strong; if the steam in such a coil were turned
partly off the pressure might not be sufficient to work the
materials in the pan, whereas by having one large and one
small steam coil, when the valve 1s turned full on in
either, there is certain to be sufficient steam pressure to
overcome that of the soap in the pan. With the small coil
a gentle boil can be obtained, with the large coil a strong
boil. A pressure of 45 to 60 Ib. is very good to work at.

It is not customary to enclose the soap-pans in any way,
but in one or two soap works a wooden hood has been fitted
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above the pan in prolongation of its sides ; this is continued
up to.a floor above the pan, while from this floor rises a
shaft, passing through to the outside, and in communication
with the hood below. This chimney shaft serves the purpose
of conveying the steam which rises from the boiling soap
away from the pan, and therefore adds to the comfort of the
workmen. The hood serves also to prevent boiling over
should the soap begin to fob very much.

To prevent the loss of heat from the sides of the pans,
these may be coated with a non-conducting composition and
with boards. This is not always done, but it is a very
desirable addition, and facilitates the separation of the lye
from the soap by enabling the latter to retain its heat, and
8o keep fluid longer.

In some soap works, instead of being made circular, the
pans are made square. So far as practical working is con-
cerned there is no material advantage of one form over
another.

As regards the size of soap-pans, they may be made of
any dimensions to suit the quantity of soap which it is
desired to make. Generally large soap-pans are easier to
manipulate and deal with than small pans; the yield of soap is
usually. greater, while it is of better quality and freer from
enclosed lye. There is a maximum size, however, a pan of
about 30 tons capacity, beyond which it is not wise to go.
It may be taken as a general rule that 1 cwt. of fat requires
a pan of about 40 gallons capacity to boil to soap, that pro-
portion being required to give room for the aqucous lye
which is added, with the necessary room for hoiling.

A pan of about 15 feet deep, and of the same diameter,
will be large enough to make 26 to 28 tons of soap in at one
batch. A pan of 7 feet in diameter and 6} feet in depth, will
be large enough to deal with 1} tons of fat, giving about 2 to
2} tons of soap. These are only approximate figures.
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these pans are more economical in use than plain jacketed
pans. They can be fitted with an agitator, as shown in
figure 31, and will be found very useful to check fobbing and
to mix the soap ingredients together.

One of the troubles of the soap-maker is that of fobbing,
as it is called, the tendency of the soap mass at the beginning
of operations to froth or boilup. This defect is best remedied
by turning off the steam and beating down the froth by means
of paddles; better still a whirling wheel may be employed.
Such is shown in figure 32. It is attached to the sides of
the soap-pan by means of loose brackets and is turned by a
handle at one end of the axle. It acts by breaking up the

F16. 32.—Soap Whirl.

foam, or froth, and so preventing it increasing in quantity.
Sometimes a more elaborate form is employed, consisting of
a pair of paddles revolving in opposite directions; these are
suspended at a suitable point in the soap-pan, and by their
revolution the froth is broken up and prevented from in-
creasing. The paddles are held in a Y-shaped support, the
legs of the Y forming the bearing for the paddles, a pulley
connected with suitable gearing overhead comununicating
motion to the paddles. Although more elaborate it is doubt-
ful whether they are more effective than the reel described
above.

A great deal of soap is now heing made under pressure
in a suitable boiler,
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a new charge, which is run in immediately the old one is
run off. Two batches of soap may thus be made in one
pan in the course of a day. The weight of the charge is
1 ton. .

The soap as made in this manner contains the whole of the
ingredients added ; there is no salting out nor are there any lyes
to run away. A great deal of the success of making soap by
this high-pressure system depends upon employing the right
proportion of alkali to fat and the proper quantity of water;
if too much be used the soap comes out too soft.

An analysis of a 'sa.mple of soap made by the high-pres-
sure system by the author showed if to contain :(—

20°70 per cent. of water.
565 per cent. of ccmbined sodium.
‘86 per cent. of free alkali.
68:00 per cent. of combined fat.

+20 per cent. of free fat.
509 per cent. of glycerine, saline bodies.

The sample was firm and of excellent quality, which
shows that the high-pressure system can make as good soap
as the low-pressure system commonly in use, while a larger,
quantity of soap can be turned out in a given time.

Some other forms of apparatus for saponifying under
high pressurc have been devised, some of which practically
consist of a boiler fitted with agitators; these have in practice
become obsolete, as the agitators made the boilers difficult
to clean out and were of no material advantage.

SOAP FRAMES.

The next kind of soap plant which merits description is
the soap frames as they are called. It is astonishing how
old names still adhere to modern forms of machinery, how-
. ever much they may differ from the original form to which
their first name was due. Soap frames are a case in point.
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In the early days, they were a frame-like structure, in which
the soap was allowed to cool. Now they take a box-like
form, and a more appropriate name would be soap coolers.

Figure 34 shows an old wooden soap frame such as was
used in the old time when an excise duty had to be paid on
soap. These framesare made 45 in. long by 15in. wide. A
number of them were placed one on top of another, pegs in
one fitted into holes in the other, or rods were passed through
the lot to form one large box of about 45 in. deep holding 9
to 11 cwts. of soap. The dimensions here given were fixed
by law. These wooden soap frames are now only emploved
in a limited manner, chiefly for making mottled soaps, or
soaps by the cold process.

- —
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Fig. 34.—Wooden Soap Frame.

The modern soap frame usually consists of a wooden base
board, placed on small wheels so that it may be moved from
place to place as may be convenient. Upon this base board
is built four sides of wrought or cast iron so as to form a
box ; these sides are fastened together by bolts and nuts, so
that they can be taken apart whenever required.

Figure 35 is the drawing of a soap frame as made by
Messrs. E. Forshaw & Son, the sides of which are made
of cast iron and have diagonal strengthening bars cast
on them. The mode of fastening the sides of the frame
together differs in different makes of the frames; sometimes
portions of the sides are prolonged into lugs containing holes
through which rods pass, binding the ends of the frames
against the sides, the ends of the rods being secured by screw
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Figure 36 represents Whitaker’s patent soap frame. This
frame is made with a wooden bottom and sheet-iron sides,
which being thin allow the heat to pass away quickly, and
so the soap gets cold quicker than in frames with thick iron
plates. To give the necessary rigidity to the sides ribs of
corrugated iron are fastened to them as shown in the draw-
ing. The ends are made of wooden planks and are tightened
against the sides by means of clamps, which are easily worked,
and permit the frame to be built up or opened out in a few

Fia. 36.—Whitaker's Soap Frame.

minutes. In such frames soap cools sufficiently in from
thirty-five to forty-eight hours, according to the time of year,
to strip and slab. A good frame may be made as follows:
The sides are made of steel plate of about } in. thick, the
ends are made of wood of 1} in. thick, along the ends of the
sides are placed 1} in. angle irons, the web that projects
being tapered from the top to the bottom, so that when the
frame is built up, the bent clamp forced down, the tapered
irons press the sides and ends together. Close to the top

and along the sides are fastened angle ironsjwhich project
13
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frame 55 in. in length, by 40 in. in depth and 15 in. wide,
these measurements being inside, will hold about 10 cwts. of
soap.

Figure 37 is a drawing of a soap frame made by Mr.
H. D. Morgan, of wrought steel, which is patented in this
country and in the United States. This frame is made
of special mild steel plates hammered flat, and stiffened
at the upper edge by flanging, and along the sides by
a beaded flange to prevent warping. The beaded flange:
is so formed that, should any soap escape past the joint be-
tween the end and side, it is cooled in the cavity before it
can get away, thus preventing leakage. The sides and
ends fit into a cast-iron base iron plate grooved to receive
them.

Bolts and nuts are entirely dispensed with. The clamp-
ing bars are so shaped that they both bind the sides against
the ends and pull the ends tightly against the beaded
flanges.

It is a good plan to have two bottoms to each pair of
sides and ends. Then while one bottom is in use and the
soap on it is being slabbed and barred, the other bottom is
being fitted to the sides and ends and made into a frame to
be filled with soap.

In some factories there are tracks of rails to which
the wheels of the frame fit so that they can be more easily
moved about.

All iron frames should be coated inside with lime to
prevent rusting, which would discolour the soap. This de-
fect of iron frames is absent with wood ones; these gradu-
ally get their pores filled up with soap and the sides become
smooth, which aids much in the stripping of the soap, while
leaving the sides of the soap smooth and glossy. Iron frames
made from enamelled iron would be found of service in soap-
making ; there would be no tendency to rust, while the
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smooth sides of the enamelled iron would impart a gloss to
the soap, besides allowing stripping to be done more easily.

In framing soaps it will be found an advantage if when
the soap has been run into the frames and has set on the
top, & board which just fits the frame be placed on the top
of the soap and then weighted ; thereby the soap 1s pressed
and becomes of a better grain. This weighting of the soap
is not always done.

SLABBING SOAP.

After the soap has been framed and it has become sufti-
ciently cool for the purpose, the next proceeding is to cut it

Fia. 38.—Slabbing Soap.

up into slabs of about 2 inches thick, or as may be re-
quired for the particular size of tablets which the soap-maker
proposes to send out.

Slabbing may be carried out either by hand or by
machine. Figure 38 is a drawing showing the method of
slabbing soap by hand. The block of soap hasits sides marked
by means of a scribe along the lines of which it has to be
cut; this scribe is a wooden rod containing iron points at the
proper distance apart. The workman is provided with a long
piece of stecl wire, the ends of which are sometimes fastened
to two handles, or in some instances to one. This wire
is fitted to the mark made by the scribe, and then drawn
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through, thereby dividing a slab of soap from the main
block. This operation is repeated until the whole block
has been so slabbed. This method of working is very simple
but effective; it is still largely employed in preference to
using machines.

Ralston’s slabbing machine is represented in the dia-
grammatic sketch which shows the principle of the machine
(see figure 39). It is a portable machine, and can be wheeled
about from place to place as occasion may demand. It con-
sists of four pillars, one at each corner, at such distances

F1G. 89.—Slabbing Machine,

apart that a block of soap can be placed between them, or
rather that the machine can be placed round the block. At
one end is a block of wood which takes up the pressure on
the block of soap while it is being cut. The cutting arrange-
ment consists of a frame carrying horizontal wires placed at
the proper distance apart; this is so made that it can by
means of chains and windlass be drawn along the machine,
and thus the wires cut the soap up into slabs. The action
of the machine is fairlyv quick, and it is capable of doing
a large amount of work. Another form of slabbing machine
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sold by Messrs A. Saalfeld & Co. consists of two parallel
beams of wood supported on tressels; on this runs a
trolley provided with wheels, on this trolley being placed
the block of soap. In the centre of the machine is
stretched a wire, the height of which above the trolley can
be regulated so that slabs of various thicknesses can be cut.
The block of soap on the trolley is pushed first in one direc-
tion, and then after raising the wire to the right extent the
direction of the machine is reversed and another slab cut.
These operations are repeated until the block of soap is cut
into slabs.

A similar machine to Ralston’s has been made and sold
by some other firms of soap machinists. The construction
of this machine may be briefly described. There is & bed
formed of grooved girders, in which an upright frame,
carrying wires, travels backwards and forwards.

At the opposite end is fixed a triangular arrangement
formed of an upright block, against which the soap is pressed
during the working of the machine. There is a windlass
with attached chains that, passing over pulleys, draw the wire
frame through the block of soap, and so divide it into slabs.
The working of this machine is simple. The block of soap
from the frame is placed on the bed of the machine, then
the triangular winding gear is placed in position, the chains
properly adjusted, and the windlass turned. When the soap
has been slabbed the windlass and chains are removed, the
slabs of soap taken away to be barred, when the machine
1s ready for another block of soap.

Another machine which is sold by Messrs. Adolphe
Saalfeld & Co. is constructed to cut a block of.soap up
into bars in one operation. It consists of a table near
one end of which is a frame carrying two sets of wires,
one vertical, the other horizontal. At the othér end of
the table is a rack and pinion, which on being worked
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wheels in the middle, and allows easy movement in any
direction, a feature of no little importance in the construc-
tion of soap waggons.

BARRING MACHINES.

After the soap is cut into slabs, the next proceeding is to
cut these into bars. The variety of machines which have
been devised to carry out this operation is fairly great:
generally hand-power machines are used, but mechanical
ones are also made.

F1G. 41.—Soap Barring Machine.

Figures 41 and 42 show different makes of what is per-
haps the most common form of barring machine in use in soap
works. Figure 41 is the form made by Messrs. W. J. Fraser
& Co., while figure 42 is that made by Messrs. William
Neill & Son. This machine consists of a table carrying
an upright frame; on the table near the front is the long
rest with notches at about 2 inches apart, that being the
usual thickness’ that a bar is made. From the back of
the machine springs another framework, which is hinged
to the table: this in its normal position rests against the
upright frame previously ‘referred to, forming, as it were,
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of soap is placed in front of the frame, and has been cut up
into bars, these may be removed and another slab put in
their place. Then the wire frame is moved back again and
cuts this second slab into bars. This machine saves a great
deal of labour, and is of comparatively simple structure.

A barring machine which is in use in some soap works
not only cuts the slab up into bars, but separates them from
one another afterwards, thus facilitating their removal. This
is effected by having the cutting wires fixed in the centre of
a table. On one half, the slab to be cut is placed ; by means
of a wheel and chain the slab is forced against the wires and
cut. The bars are received on the other half of the table,
which is made up of wooden bars of the width of a bar of
soap. These are connected together by webbing. While
receiving the soap they are close together, but when the soap
is in position the webbing is stretched, and so the bars are
separated.

After being cut into bars, the soap is often cut into tablets ;
this operation is carried out in the barring machines described,
which are adapted for the purpose, the distance between
the wires being altered.

Figure 43 represents a machine worked by power, which
cuts slabs of soap up into bars and tablets. It wil be
noticed that it has two sets of wires placed at right
angles to one another; these wires are made movable so
that their distance apart, and therefore the size of the
bars and tablets, may be regulated as required. A
slab of soap is placed at one end of the machine and
forced against the barring wires; when it has travelled to
the full length of the machine in that direction the
bars of soap are forced against the tablet-cutting wires
by mechanism working at right angles. By the time the
tablets have been cut the machine is ready to receive another
slab. This machine is capable of turning out a very large
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in packets, or tablets, and these are invariably stamped with
the name of the maker of the soap, although some large
retailers by arrangement with the maker have their own
names stamped on the soap. This stamping of soaps has
led to a great increase in the use of stamping machines, and
these will now be described. .

Even now, as at first, a great deal of soap is stamped
by a hand stamp, this being usually made like a brass box
with a handle. The letters are formed of separate pieces,
and are fastened in the box in the required order by means
of thumb screws. This system is a slow one, although
an expert stamper will get through a large number of tablets
if he adopts a good system of working. But where very
large quantities of soap have to be dealt with it is imperative
to employ & mechanical stamper, of which there are many
makes to be bought; some work by hand, others by steam
power, and others are constructed to work by steam direct.
A brief résums of such machines will be given.

One of the most important parts of the stamping press,
so far at any rate as the appearance of the finished tablet
is concerned, is the mould or die in which the soap is
pressed. In most machines this takes the form of two pieces,
to form the upper and lower surfaces of the soap tablet,
together with a loose ring which serves to form the body of
the tablet. By altering the shape of the ring, and the
shape of the upper and lower dies, the shape of the tablet
which is formed can be altered to any extent. This form of
mould with loose ring is perhaps not the best that could be
devised ; the soap tends to stick in the ring. This is over-
come by moistening it with a little salt water from time to
time. The delay, however, caused by having to remove the
soap tablets from them reduces the working output of the
presses. This is avoided by making the ring and bottom die
in one piece and fitting the press with an automatic lifting
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apparatus which presses the tablet out of the mould during
the upstroke of the press. This lifting apparatus will be
shown later on.

With some presses the tablet moulds are in separate
pieces and the sides are hinged on to the bottom piece. The
action of the press on this is to press all the sides up, and
so form a mould for the soap. When the tablet has been
formed and the press returned, the sides fall down leaving

Fi16. 44.—Soap Stamping Machine.

the tablet to be removed. With moulds made in this way
a much larger output of tablets per machine is obtained.
Hand Soap Presses.—Several forms of hand soap presses
are made by various firms. The principal forms will be here
noted. Figure 44 shows a form of press made by Messrs.
William Neill & Son. The action of this machine can be
grasped by an inspection of the drawing. A plunger carrving
the upper surface die and the ring or mould for the sides of
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wheels, the use of which enables a greater pressure to be
brought to bear upon the soap during the pressing. With
this machine a fairly large output can be obtained. It is easy
and light to work. This is a favourite form of soap-stamp-
ing press. In some makes an arrangement is provided for
lifting the tablets out of the moulds after stamping.

The presses hitherto described have been worked by
hand, but presses are also made which work by a foot
lever. Figure 46 shows such a press made by Messrs. H.
‘Wm. Dopp & Son, the general construction of which can be

F10. 46.—Soap Stamping Machine.

readily gleaned from the drawing. The pressure of the
foot on the lever brings down the die on the cake of soap
on the mould, thereby stamping it, while on releasing the
pressure the die rises and at the same time a cam comes
into action and forces the soap cake out of the mould, this
action being noiseless. Since it was first introduced this
machine has undergone some improvement in design; the
working parts have been strengthened, and the operation
of the machine perfected.
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it is capable of doing more or better work than can
be done with a direct driven press, but that the neces-
sary presence of steam pipes, and the possibility of these
baving to be carried for some distance, make the former
rather objectionable from many points of view. Over long-
distances of piping there is a considerable loss of power
through condensation, a great deal of water being formed
in the pipes, which interferes sadly with the efficient work-
ing of the presses.

One of the best of the steam presses now being made
is that of Messrs. E. Forshaw & Son, and shown in figure

F16. 48.—Soap Stamping Machine.

47. It is very well constructed and works automatically.
It requires only two boys to work it; one boy places the
plain tablet on the table of the machine, the other boy
removes it as it comes from the machine stamped. The
machine feeds and discharges itself, it works noiselessly
and smoothly, and is capable of turning out 1500 tablets of
soap per hour. Any kind of moulds may be used and they
can be changed very readily. The machine is;rigidly con-
structed, and has been adopted by many large soap manu-
facturers, who speak favourably of it.

Figure 48 shows a steam soap stamper made by Messrs.

Neill & Son, which is of most substantial construction.
14
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the most common are solid, and the tablet is forced out of
them by a suitable contrivance.
Some other forms of presses are made, but the above will

be sufficient to serve as types.

TOILET-SOAP MACHINERY.

Time was when all kinds of soap, whether for toilet,
ordinary domestic or industrial uses, were produced solely by
the aid of such machinery as has hitherto been described.
Now, however, a great deal of the best quality of toilet soaps
18 produced by the aid of elaborate machinery, the main
principle underlying which seems to be a grinding or milling
of the soap, so a8 to produce a more homogeneous mass,
thereby obtaining a harder and more durable soap and com-
pleting the saponification of the fats so that a more neutral
soap is formed at the same time.

This system of milling soaps was first developed in
France, where it is largely applied, and where the construc-
tion of the necessary machinery has been brought to a great
perfection. It was early introduced into England. The writer
remembers seeing a soap-milling machine at one of the
early London Exhibitions, but until lately it never obtained
a great footing in this country; soap-makers are, however,
beginning to give more attention to the system. In America
this system has been largely used.

The milling system starts with a ready-made soap. It
need hardly be pointed out that the soap should be, nay,
must be, of good quality, for it can scarcely be expected that
first-class toilet soap can be made by its means from a poor
quality of soap, although the process much improves it.
Further on some particulars will be given as to the prepara-
tion of soaps for milling.

The first operation is to cut the soap bars up into shav-
ings. To effect this a cutting machine is used, one form of
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machine is rather costly. M. Wallois also makes a similar
machine.

The dried soap is next transferred to the crushing mills,
where it is passed between a number of granite rollers; such
a machine is shown in figure 51, that being the form sold
by Messrs. Wm. Neill & Son.. This machine has four granite
rollers and two hoppers divided by a slide. The dried soap
shavings are thrown into the bottom hopper, and travel over
the four rollers and fall automatically into the top hopper,
a steel comb which scrapes off the top roller; by drawing
the slide the soap is allowed to fall into the bottom hopper

Fi1a. 52.—Soap Crushing Machine.

and again through the rollers. When the soap has thus
passed twice through the rollers, colour and perfume are
added to the mass in the bottom hopper and the soap, etc.,
worked three or four times through the mill to thoroughly
amalgamate the materials and obtain a homogeneous mass
of soap. One cwt. of soap requires ten minutes to run through
this machine. The operation may be repeated as often as
required. The drawing shows the gearing-wheel uncovered,
but the machine is provided with a cover to prevent acci-
dents. The machine runs almost noiselessly.'

Figure 52 is a large soap-crushing mill made by M.
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for the purpose of keeping the soap cold, the friction and
pressure causing a great dealof heat to be generated ; this
heat might if allowed to accumulate cause a loss of perfume
and colour in the soap. The end of the machine is com-
monly known as the cannon, as from it the soap is dis-
charged. The mouthpiece is kept hot by means of a gas
jet, which is usually supplied with each machine, the pur-
pose of heating being to impart a gloss and finish to the
soap. The soap travels very fast through this machine,
about 5 cwt. per hour being the output of such a one

F16. 54.—Soap Squeezing Machine.

as is shown in figure 53, which is made by Messrs. William
Neill & Son.

Figure 54 is a large plodding or squeezing mill made by
M. Wallois which will turn out 5 cwt. of soap per hour.

As long as soap is supplied to the plodder through the
hopper it will issue from the mouthpiece of the cannon in
the shape of a continuous rope, the form of which may be
varied—round, oval or square—by using various shaped dies
or moulds fixed in the mouthpicce. This enables tablets of
any shape to be formed with the minimum of trouble.
Further, by means of an apparatus and gauge fitted to the
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stand placed in front of the cannon to receive the soap, the
rope can be cut into convenient lengths for tablets, which
are next stamped by the stamping press, various forms of
which have already been described.

When the plodder has stopped working some soap will
remain in the cone. To remove this a small piece of ap-
paratus is turned into the mouthpiece that forces out all
that is left. In some forms of these machines the cone
is made to turn down so as to facilitate cleaning it and freeing
it from any adhering soap.

Combinations of the crushing and plodding machines
are constructed, so that no labour need be expended in
transferring the crushed soap from one machine to another.

Fig. 55.—Crutching Machine.
CRUTCHING MACHINERY.

In the manufacture of many varieties of soaps, notably in
filling the common soaps with silicate of soda and in per-
fuming and colouring toilet soaps, there are used what
are known as crutching machines, the object of which is
to mix the various ingredients of the soap thoroughly
together. In the early days of soap-making this was an
operation usually performed by hand, with an instrument
known as the crutch, the operation being termed crutching,
and the name has come down to modern times, although
now-a-days the operation is done by machinery. The com-
monest form is a circular vessel, made of wrought iron or
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agitators in and out of gear, outlet valves, etc. Gener-
ally, crutching machines are made without steam jackets,
but, occasionally, such are desirable to keep the soap warm
and enable it to mix easily.

Crutching is a very simple operation and purely mechani-
cal, and there should be no trouble in crutching soap; the
only thing is to allow the machine plenty of time to do its
work.

Sometimes this operation is carried on in conjunction
with that of remelting, and a good many makes of modern
mixing machines are really combined remelting and crutching
machines.

DOPP'S REMELTING AND CRUTCHING MACHINE.

This consists of a steam jacketed pan. The firm, Messrs.
H. Wm. Dopp & Sons, have a special method of casting
the pan and jacket in one piece. The steam pipes for
supplying the jacket are fixed to the front side of the
machine, while there are also suitable outlet pipes for exhaust
steam and condense water. The mixing arrangement con-
sists of an archimedean screw working in a cylinder, the
action being to draw the soap up through this central cylin-
der and cause it to flow over the top and back into the main
body again; this is & most effectual manner of working.
The driving gear for the screw is on the top of the machine,
and is so arranged that the direction of motion of the screw
can be reversed, and in place of the soap moving up it moves
down, this arrangement also bringing about a more perfect
admixture of the soap. There is another feature of this
machine, which is that it may be used for remelting old scraps
of soap, and, the screw working in conjunction with the
cylinder (which, it may be remarked, has open sides), it acts
as a cutting apparatus, and so easily reduces the soap to frag.
ments, and thusfacilitates the remeltingand mixing of the soap.
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Another form of crutcher which is sometimes made with
a steam jacket, and at others without, according to the require-
ments of the users, has the cylinder horizontal; the central
shaft is in the centre, and is also horizontal. From it extend
& number of arms which are arranged spirally, their action
as they revolve being to mix up the soap and at the same
time to cause it to travel towards one end of the crutcher,
whence it flows back to the other end, when it 1is
thoroughly mixed by opening a valve at one end of the
machine. The soap is forced by the working of the arms
out into the frames which are placed ready to receive it.

Crutchers require to be strongly made, as the material
they have to'deal with is very stiff and by no means easy to
stir; they require some power to drive, say about two-horse,
but of course this will vary according to the size of the
machine. Some makers fix an eight-horse engine to the
larger machines ; the power thus supplied is rather in excess
of actual requirements, and that excess may be employed in
other directions if needful.

REMELTING MACHINES.

In preparing toilet soaps it is a common plan to prepare
them from soap of various kinds already made, melting them
by heat and then mixing in the perfume and other ingredients
which may be required.

A very convenient form of remelter consists of a jacketed
pan in which the soap, which has been previously cut into
thin shavings, has been put. The pan should be provided
with a stirring arrangement so that the soaps, etc., can be
thoroughly mixed together. Soap is, however, a bad con-
ductor of heat, and in a steam jacketed pan, unless the con-
tents are kept well stirred, the outer portions might be melted
while the inner portions are still cold and solid. It is ad-
visable, therefore, to bring the heat as soon as possible to the
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for other reasons tablets may have to be dried before being
sent out. A very convenient machine for this purpose is
one shown in figure 58, made by Messrs. W. J. Fraser &
Co. Its construction is well shown in the drawing. It
consists of a number of shallow trays or drawers placed
in a drying chamber. At one end is a heating chamber
through which, by means of a fan, air is drawn from the
. surrounding atmosphere and sent into the drying chamber
where the drawers are. 1In its passage through the heating
chamber the air gets warm, and its capacity for holding
water being thereby increased it takes up water from the
soap and dries it during its passage through the drying
chamber. This machine may be used for drying all kinds
of soap, in tablets, bars or shavings.

So far has been described all the different forms of
machines employed in the manufacture of soap. Of course
the machines by different makers will vary from one another
in minor details, although the forms bear a close resemblance.
It is practically impossible to describe in detail the machines
of every maker, so what has been done is to mention those
that may be regarded as types.



CHAPTER VIL
THE TECHNOLOGY OF SOAP-MAKING.

A wiDE and yet only sufficient classification of soaps would
be into:—

A. Domestic soaps.

B. Toilet soaps.

C. Industrial soaps.

D. Special soaps.

Domestic soaps are those used in the house for washing,
scouring, etc. Toilet soaps—those better qualities of soaps
which are employed solely in the toilet. Industrial soaps
—those employed in certain trades, as in wool washing,
calico printing, etc. Special soaps—those used for specific
purposes, as for medical purposes, shaving purposes, etc.
Each of these classes may be even further divided, but the
writer does not believe in systems of classification into a
great variety, as has been done by some writers on soaps.

A. DoMESTIC SoAPS.

Soap is prepared by causing an alkali and a fat or fats
to enter into chemical combination; the alkalies used are
solely soda and potash. Ammonia has but little action on
fats, while lime is of no use, because the soap it forms is
insoluble in water.

When a fat or oil is brought into contact with a solution
of either caustic soda or caustic potash (the carbonates of
these alkalies have but a weak action and cannot be used
in the ordinary process of soap-making) then saponification
begins to take place; the acid constituent of the oil enters
into combination with the alkali to form the soap, while
the basic constituent, glycerine, is set free. This reaction
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is shown in the following equations, which gives the action
of both caustic soda and caustic potash on typical oils :—

C1eH 3,0,
C.H,{C,,HyO, + SNaOH = 8NaC,H,0, + C,HyOH),

CysH 30 Caustic Soda. Soap Glycerine.
Stearin, (Sodium Stearate).
C,sH50,
CH,{CuH;0; + SKOH = SKC,H,0, + C,H,(OH),
C,eH 0, Caustic Soap. Glycerine.
Lin:ﬁin. Potash.  (Potassium Linoleate).

The first one represents the action of caustic soda on tallow,
the principal constituent of which is stearin, while the
second one shows the action of caustic potash on linseed
oil, the principal constituent of which is linolin. If these
equations are studied they will be found to be built upon
common lines, and further that there is an exchange of
constituents between the bodies which take part in the
reaction ; the acid portion of the fat takes the basic metal
of the alkali to form the soap, while the basic constituent
of the fat, the glyceryl, C;H;, takes the hydroxyl, HO, of
the alkali to form the glycerine, or, as the chemist prefers
to speak of it, the glycerol, which is set free.

The reaction between the fat and the alkali is a chemical
one, and like all chemical reactions takes place in definite
proportions ; that is, a certain quantity of fat will always
take a certain quantity of caustic soda or caustic potash to
saponify it; and as oils differ from one another in their
composition, one oil or fat will take a different proportion
of alkali than another, thus, for instance, castor oil takes
18 per cent. of caustic potash to saponify it, while tallow
takes 19 per cent., and coconut oil 26 per cent. It un-
fortunately happens, however, as is always the case with
natural products, that the same oil varies in the amount
of alkali it requires with different samples, although the
amount of variation is small. The following table compiled
from several sources gives the percentage of caustic potash

and of caustic soda required to saponify various oils and fats ;
15
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oil Per cent. of Caustic| Per cent. of Caustic!
. Potash, KOH. Soda, NaOH.
Lard . 191 to 196 186 to 14
Almond . 195 ,, 196 189 ,, 14
Sesame . 19 ,, 194 185 ,, 187
Rape. . . 17-1 ,, 179 122 ,, 128
Poppy seed . 198 ,,19'5 188 ,, 14
Niger seed . . 189 ,, 1911 135 ,, 186
Cd . . . . . . .. 185 ,, 218 132 ,, 152
Whale . . . . . . . 188 ,, 22-4 184 ,,16
Butter . 221 ,, 28-2 158 ,, 165
Palm nut . 22 ,, 247 157 ,, 177
: Tallow .. 198 ,, 198 187 ,, 141 |
, Palm. 196 ,, 202 14, 144
Sperm . . 128 ,, 14 88 ,, 10 |
Olive kernel 188 134 !
Olive. 191 ,,19'6 186 ,, 14 :
Arachis . 191 ,, 196 186 ,, 14 !
Cottonseed . 191 ,, 196 136,14 |
Linsced . . 187 ,, 19°5 188 ,, 14 |
Hempseed. . . 19-3 138 \
Walput . . . . . . 19-6 14
Seal . . . . . . . 189 ,, 196 185 ,, 14
Porpoise. 216 155 I
Coconut . 246 ,, 26'8 176 ,, 177
Lard. . 192 ,, 166 137 ,, 14 |
Dripping 196 ,, 19-7 14,141 )
Bone fat. 191 ,, 197 136 ,, 14 |
Castor 176 ,,181 125 ,,18 '
Rosin . 17 ,,198 121 ,, 14 {
1

As regards the quantity of glycerine which is formed
during the reaction, Allen in his Commercial Organic An-
alysis, vol. ii,, gives the following figures as to the proportion
of glycerine which may be obtained from various oils :—

Bottlenose sperm oil . 3810 per cent.
Northern whale oil 1196 ,,
Porpoise oil 11-09 ,,
Menhaden oil 1110
Lard . 1088 ,,
Tallow 10000 ,,
Butter fat . 1106 .
Olive oil 1140 ,,
Rape oil . . . 982 .,
Sesame oil . . . . . . 994
Cottonseed oil 950 ,,
Linsced oil 939
Castor oil . 913
Coconut oil 1211,
Palmnut oil 1170 ,

Palm oil . . . . . . 971,
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It will be seen that the proportion of glycerine which
can be obtained from those fats and oils commonly used
in soap-making is from 10 to 12 per cent.

The methods employed in the manufacture of soap of
any kind may be divided into three groups:—

1. Boiling the fats and alkalies together under ordinary
atmospheric pressure in open boilers—the ordinary process
of soap-boiling.

2. Boiling the fats and alkalies together under pressure
in closed boilers.

3. By mixing the alkalies and fats at ordinary tempera-
tures—the so-called cold process.

The first method is by far the oldest and most commonly
employed. In this method the soap is boiled with a solution
of the alkali (caustic soda for hard soaps, caustic potash for
soft soaps) until it is saponified ; then, in the case of hard
soaps, salt is added, which throws out the soap in the form of
curds, which are collected and allowed to set into the form
with which the public is familiar. There is also obtained
what is known as “ spent lye,” an aqueous liquor containing
the salt used, any excess of alkali that may have been used,
and also the glycerine which was formed during the process
of saponification. Formerly this was thrown away, but
now it is treated for the recovery of the glycerine it con-
tains.

In the second method the fat and alkali are boiled together
under pressure in a closed vessel or boiler, and when saponi-
fication is complete the soap is set on one side to cool and
when cold it is ready for sale.

In the third method the fat is just melted and then mixed
with the alkali in the form of a strong solution, the mixture
being placed on one side for some time to allow the saponfi-
cation to become complete, when the soap is ready for use.

In both the second and third methods there is no salting
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out, while the glycerine that is formed remains behind in the
soap.

Each of these three methods will be discussed in detail.

Hard Soap—It is extremely difficult to attempt any
classification of hard soaps; the varieties are numerous, and
many are produced by simple modifications of the process of
making and of the materials employed. Then again some
kinds of soap, grain or curd soaps for instance, can only be
made by one—the boiling—process. It will therefore be
best to describe in detail the processes employed in the
manufacture of the various grades of domestic soaps, and
indicate the various kinds of soap for which they are best
adapted.

SOAP-MAKING BY THE BOILING PROCESS.

Probably 90 per cent. of the soap which is made in this
country is made by the boiling process in open pans, such as
have been described in the last chapter, heated by fire or by
steam, the latter being the most modern plan. In this
method of boiling the fat and alkali are brought together in
the presence of water in such proportions as experience has
shown will enable them to make soap, but the quantities are
not definitely proportioned one to the other; the boiling
brings about the saponification of the fats and forms the soap,
which can then be finished in any way that is desirable.
There are three chief varieties of hard soap produced in this
way dependent upon certain modifications in the finishing
operations ; these are known as “ curd,” “ fitted,” or, in America.
‘“settled,” and *‘run " soaps. These of course are independent
of varieties of soaps produced by varying the materials used.

In starting a soap boil it is advisable to see that the pan
18 quite clean, while the inside should be well white-washed
or lime-washed ; this prevents the iron of the pan from affect-
ing the soap in any way and prevents its corrosion. Then
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a small quantity of weak lye of about 2° Tw. is run in, filling
up the pan to about one-tenth of its depth; this is heated by
means of the closed steam coil to near the boil, and then
there is run in a portion of the fats which are to be saponi-
fied, this fat having been previously melted in separate tanks ;
the quantity is not of much consequence, but about one-third
of the total charge is a fair proportion. There is then run
in soda lye at 10° Tw. ; a stronger lye than this should not be
used. One of the difficulties in soap-boiling is to start the
saponification of the fat; if the lye be too strong this starting
does not take place readily enough, and other difficulties are
introduced. By using weak lye, however, there is little if any
difficulty experienced ; about 15 gallons may be allowed to
every 5 cwt. of tallow run into the pan. The steam is turned
on to bring the mass to the boil. The material may rise up
in the form of froth very considerably, this proceeding being
known to soap-makers as fobbing. This occurs only at the
starting of a boil, or when running in more fat or alkali; if
it happens the steam must be turned off, the mass of fob
beaten down by the hand paddle or beater and the pan left
to itself for a few hours, when the boiling may be resumed.
It will probably be found that the boiling will now pro-
ceed very quietly and without further trouble ; during the time
the pan has been standing the fat and alkali have been re-
acting and entering into combination with one another. It
i8 this liability to fob that renders it undesirable that a soap
pan should be fully charged to start with. Sometimes there
appears very little difficulty in starting the saponification, at
other times there appears great difficulty. Much will depend
on the condition of the fat; if this be very neutral then it
will not be easy to start its saponifying; on the other hand if
it contain some free acid this will at once enter into combina-
tion with the alkali and form soap, which by increasing an
emulsifying tendency of the fat enables the alkali and fat to
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more thoroughly amalgamate together, and therefore facili-
tate the process of soap formation. With a view of imitating
this action it is the custom of many soap-makers (and it is
a custom worth following) to throw into the pan on its being
first charged all the scraps of soap which they may have
about ; such scraps dissolving in the weak lye help forward
the saponifying of the fat to a great extent There are al-
ways plenty of soap scraps produced in cutting the blocks of
soap up into slabs and bars; these should always be placed
on one side and sent into the soap-boiling house for this
particular purpose.

‘When the first lot of fat and lye appears to have been
thoroughly amalgamated together, there may be run in a
ton of oil; afterwards, or better simultaneously, lye; this
may now be used stronger, say 17° to 18° Tw., than was first
employed, and of it 200 gallons will be required for one ton of
fat. This lot is now boiled up for two hours. Fobbing will
rarely occur at this stage. At the end of the time given the
rest of the charge may be run in and the boiling continued.
It is advisable to keep it well stirred so as to bring the fat
and alkali into intimate union. If the boiling be done with
open steam, then the steam itself passing through the soap
18 almost sufficient to do this. In this case, however,
there will be some considerable condensation of the steam in
the pan; this must be allowed for, and rather stronger
alkali, 23° to 25° Tw., employed in the last stages. If a closed
steam coil be employed, then the soap must be kept stirred
by means of the hand paddle or mechanical stirrers. At the
end of the boil very little stirring will be required ; the soap
will boil up very nicely and gently in what are known as
roses and this gentle boil is a sign that the end is ap-
proaching. Soap-boiling is one of those things that cannot
be taught by books owing to the difficulty of describing all
the changes in appearance of a charge of soap during the
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process of boiling it up. The length of time a pan of soap
takes to finish depends entirely on the weight of soap being
treated and may vary from five hours for a small charge to
twelve or fifteen hours for a large one. The end of the
operation is ascertained by taking out samples from time to
time by means of the paddle and examining them. They
should have a firm consistency, be free from any oil or fat,
which would show that more alkali is required, and when
tasted have only a faint biting sensation on the tongue; this
would show that the alkali was in slight excess, as it should
be. Then again the appearance of the soap is some guide.
When properly saponified it will have a homogeneous and
semi-transparent look, smooth and glossy, and fall off the
paddle in clear flakes ; on the other hand if it be opaque and
rather granular in appearance, this is an indication that
there is either an excess of fat or an excess of alkali, which
will be shown by the other tests previously alluded to.
Sometimes there are signs that there are free alkali and free
fat present in the soap-pan at the same time, which shows
that the saponification of the fat has not been properly con-
ducted ; the remedy in such a case is to add some water and
proceed with the boiling.

It may be stated here that roughly 100 1b. of fat require
100 Ib. of lye at 32° Tw. to complete saponification; coco-
nut oil takes about one-fourth more.

Salting Out.—The next operation is that of salting out, or,
a8 it is sometimes called, ‘ graining’* the soap: this is done
by throwing into the pan either common salt or a strong
brine liquor. This throws the soap out of solution in the
form of grains or curds and thus separates the soap from
the water employed in the operation of boiling and from
the excess of alkali used, and from the glycerine formed
during the process of saponification. This property of
salt of throwing out the soap from the solution in which
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it exists in the soap-pan depends upon the fact that while
soap is soluble in water yet it is insoluble in solutions of
alkaline salts ; when therefore such are added to a solution
of soap the latter is thrown out of solution. Some soap-
makers prefer to use brine, but ordinary common salt is
what is commonly used. The salt is thrown into the pan in
small quantities at a time until the soap forms in small
grains and a quantity of lye is clearly visible when the paddle
is placed in the soap and then lifted out. A very little
practice soon shows the soap-maker when this point is
reached. Care must however be taken not to add the salt in
too large a quantity at a time and to allow each portion to
dissolve before adding another portion, otherwise there is a
liability to get an excess of salt in, and this is undesirable for
two reasons—because it is not economical to use more
material than is necessary to do the required work, and
second, excess of salt introduces difficulties to be overcome
in subsequent operations. The soap in the pan loses its
smoothness and transparency, becomes more opaque and
grainy ; the boiling also becomes rather irregular, and tends
to occur in bursts, and sometimes there is a tendency to boil
over.

When sufticient salt has been added and the contents of
the pan separate out on the paddle into a grainy soap and
clear lye, the steam is shut off and the pan allowed to re-
main at rest for four to five hours according to the size of
the batch. It may be mentioned here that it is impossible
to state definitely the quantity of salt which may be required
to salt out any given batch of soap. This will be found to
vary and is dependent upon the action of several factors—the
strength of lye used in the saponification, whether there has
been much or little condensation of water from the steam in
the pan, whether any coconut oil or palmnut oil has been
used in making the soap; and as all these factors are liable
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to vary with every batch of soap it is not possible to state
any definite quantities of salt for salting out.

On standing for four to five hours the mass in the pan
separates into two layers or portions ; the upper one consists
of the soap holding perhaps about 40 per cent. of water,
while the lower layer is a liquid known as the ‘‘ spent lye ".
This is more or less dark in colour according to the char-
acter of the fat used in making the soap; it contains any
excess of caustic soda which may bave been used, the salt
added to separate out the soap, sodium carbonate, any im-
purities which may have been present in the original caustic
soda and in the fat, together with the glycerine which has
been formed during the saponification of the fat. This lyeis
now run off from the soap into storage tanks so as to be ready
for subsequent treatment with a view to the recovery of the
glycerine and salt it contains.

This concludes the first stage in the preparation of all
soaps, and it is from this point that differences of treatment
arise to produce various kinds of soap. The operation of
soap-boiling requires to be conducted with care and atten-
tion, and every effort should be made to see that the boiling
is complete. This makes a considerable demand on the skill
and experience of the soap-boiler. Too strong an alkali
should not be used, or, as stated above, it will be difficult to
start the saponification, and yet different fats will require
different strengths of Ive or will saponifv with ditferent
strengths. Thus while tallow, paln oil, cottonseed oil and
some others will not work with lve stronger than 10° to 12°
Tw., coconut oil and palmnut oil will take lye up to 20° Tw.,,
indeed saponifying best with the strong lve: linseed and
olive oils usually work best with a Ive of intermediate strength.
Then of course some fats take more alkali than others, and
this must be allowed for or imperfect saponification will take
place ; a little excess of alkali should be used, but too much
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should be avoided, as such excess tends to retard saponifica-
tion rather than assist it.

Boiling on Strength or Clear Boiling.—The soap from
the salting-out operation is now run into the pan and then a
small quantity of caustic lye at 20° Tw. run in and the soap
boiled on this for three to four hours. During this boil the soap
should remain open and a clear lye always visible ; if it does
not thus present itself, then a little stronger lye should be
added. Some soap-makers give a preliminary boil with a
little water and thereby close up the soap before they add the
caustic to open it again, and there can be no doubt but that
this is the preferable course. The object of this boil on
strength is to complete the saponification and to ensure that
the soap is quite free from any unsaponified fat. For this
purpose it is not advisable to use any stronger lye than is
absolutely necessary for the purpose of just opening the soap ;
any excess is harmful rather than otherwise, as it tends to
retard rather than assist the reaction, while the soap exhibits
a tendency to be rather caustic. Some attention should be
paid to this boil, as it has a material influence on the grain
and quality of the finished soap.

After boiling for three to five hours, according to the size
of the batch of soap being made, the steam is shut off, and
the pan of soap covered up and left to settle; this takes from
thirty-six hours to three days, according to the amount of soap
in the pan. At the end of this time the contents of the pan
will have divided into two portions—one of soap at the top,
the other of lye, ‘ half-spent lye " it is called. This still con-
tains some caustic soda, although possibly it may have a dark
colour, especially if poor fats have been used in making the
soap. It should be stored in a separate tank and used in
the first boil of a new batch of soap.

The soap is taken away from the lye by any convenient
means and placed in the frames to cool and set, which will
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take from three days to a week according to the season of the
year and the relative coolness of the frame room.

The soap as so made is known as “ curd soap” (see p.
241). It may be made from a number of fats, but what is
sold as ““ curd soap "’ is generally made from tallow.

Curd soap, while it possesses excellent detergent proper-
ties, is apt to be rather alkaline and sharp and therefore does
not suit everybody as a toilet soap.

Fitted Soaps—In the manufacture of the most common
kinds of domestic soaps, the soap, after undergoing the process
of boiling on strength and saltingout, undergoes a further
treatment, the extent of which may be varied according to
special requirements and the ideas of the soap-maker. The
first treatment consists in giving what is known as a cleans-
ing boil ; this is done by running the soap into a pan and add-
ing some water and sending steam through ; there is then run
in & strong brine liquor in just sufficient amount to open the
soap, and the boiling continued with either close or open
steam for three to four hours or even longer according to
the size of the batch of soap, after which the pan is allowed
to settle for about twelve hours, when the soap will be found
on the top and the brine below, this being run off when the
soap is ready for the finishing operation. The cleansing boil
helps in the completion of the saponification, and therefore
in the production of & more perfect soap, while it tends to
wash out any excess of alkali that the curd soap may hold
from the ‘ boiling on strength,” and so make a more neutral
soap. Some soap-makers will, with their best qualities, give
even a second cleansing boil. The brine liquor may be used
several times, according to the quality of the soap which is
being made. If from good, clean fats the liquor may be used
several times ; if from poor, dirty fats it cannot be used more
than once or twice, as it becomes too highly charged with
dirt to work satisfactorily. '
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The next proceeding is to close up the soap again. - This is
done by placing the soap in the pan, sprinkling on to it a
little water and heating by the close steam coil ; soon the soap
loses its granular appearance and becomes more transparent
and homogeneous. When this happens, the boiling is dis-
continued and the pan allowed to cool, or the soap may be
run into the frames to set, after which it is cut up into slabs
and bars and tablets, ready for sale to the public.

Such is a general description of the ordinary process of
soap-boiling. It is subject to a little modification here and
there, according to the fancy of the soap-maker, the kind of
soap being made, and the fats used.

‘We may now proceed to discuss the methods of making
various kinds of domestic soap.

Common Pale Soap.—The soap which is made in this
country in the largest quantity is one made from tallow and
rosin, and is variously known as “pale soap,” ‘XX pale
soap,” etc. In making this soap the soap-boiler has a choice
of several methods of procedure which we will briefly indi-
cate. First, however, a few words as to the tallow and rosin
used. For this kind of soap the tallow need not be of the
best quality and the cost of the soap may be reduced to some
extent by employing a cheaper grade of tallow. A medium
quality of rosin may be employed. Too dark a rosin should
not be used, as, although most of the colour comes out in
the process, yet the soap is apt to come out of a dark coloar.

The tallow is saponified in the manner just described and
salted out. The soap, after running off the spent lye, is now
ready for the rosin; this is added to the soap pan along with
fresh alkali, and the boiling continued as before until the
rosin becomes saponified. Rosin practically takes as much
lye to saponify it as does tallow; it is, however, more easily
saponified.

This boil is known as ‘‘the rosin boil ”; when it is
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finished the soap is salted out as before. In this case the
spent lye does not contain any glycerine; it will be of a dark
colour, for it will contain much of the colouring matter of
the rosin; it may be thrown away. Plenty of time should
be allowed for it to settle out, so that the lye may be as free
as possible from any particles of fat, rosin, or soap. When
making soap from rosin, and after salting out, the contents of
the pan usually separate into three layers, sometimes four,
as follows: a layer of light, frothy soap on the top—this is
collected and sent into the next boiling of soap; second, a
layer of good soap, which is finished as usual; third, under
this a layer of a dark-coloured curdy mass, the “ nigre,” as
it is called—this varies very much in colour, consistency and
extznt according to the quality of the rosin and fats used in
making the soap. It is rather a troublesome product to deal
with ; if not too strongly coloured it may be left in the pan
and worked up into the next batch of soap, for it consists
largely of soapy matter ; if it be too dark then it may be used
along with other dark fats in making brown soap. The
lowest layer consists of the spent lye; this is dealt with as
mentioned above.

After the rosin boil, the soap is finished by boiling on
strength and fitting as previously described. In all these
operations the nigre will be met with; in running off the
‘““neat soap”’ or the spent lye it is important not to run any
of the nigre into them, as it would affect the grain of the
finished soap or interfere with the treatment of the lye.

Some soap-makers saponify the rosin with lye before they
add it to the tallow soap. Unless they are working with
poor grades of rosin and desire to purify it somewhat before
mixing with the other constituents, there is no advantage
in this course of procedure.

Although the rosin and the tallow may be saponified
together, yet it is not advisable to do so, as thereby the spent
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lye is increased in bulk without increasing its actual contents
of glycerine, and this increase in bulk leads to extra cost of
boiling down ; then again the colouring n;attérs and impurities
of the rosin getting into the lye add to the difficulties of
refining and extracting the glycerine, and it is desirable that
these difficulties be minimised as much as possible.

The following are somerecipes for making this class of
soap i—

White Castile.
1. 4 cwt. olive oil. 8. 8 cwt. olive oil
6 ,, tallow. 8 ,, cotton oil.
2. 8 ,, oliveoil. 4 ,, tallow.
8 ,, lard. 4.5 ,, bleached palm oil.
4 ,, palmnut oil. 2 ,, sesame oil.
8 ,, tallow.
. Golden Pale Soap.
15 cwt. mutton tallow. 5 cwt. bleached palm oil.
5 ,, coconut oil. 6 ,, window glass rosin.
Golden Pale Soap.
20 cwt. tallow. 7 cwt. bleached palm oil.
7 cwt. window glass rosin.
Crown Pals Soap.
10 cwt. beef tallow. 5 cwt. palmnut oil.
10 ,, bone tallow. 5 ,, bleached palm oil.
7% cwt. rosin.
Premrose Soap.
10 cwt. beef tallow. 10 cwt. mutton tallow.
6 cwt rosin.
Golden Primrose Soap or Castile Soap.
10 cwt. beef tallow. 5 cwt. bleached palm oil.
10 ,, mutton tallow. 1 ,, palm oil.

Cottonseed oil is now coming largely to the front for
making pale soaps for ordinary household use, the great
improvements which have been made of late years in refining
the oil having rendered this possible. Cotton oil is fairly
easily saponifiable ; it is not so easily salted out as tallow is,
but on the other hand it produces a soap which lathers
easily. The following are some recipes for its use :—
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XX Crown Pale Soap.

10 cwt. cottonseed oil. 1 cwt. palm oil.
5 ,, tallow. 4 ,, rosin.
QGolden Soap.
1} owt. cotton oil 75 1b. best rosin.
18 1b. tallow. 8 ,, palm oil.
Common Soap.
1 cwt. cotton oil. 4 cwt. rosin.
1 ,, bone grease. $ . palmoil
Brown Soaps.
1. 7 cwt. tallow. 2. 4 cwt. tallow.
3 ,, cotton oil. 4 ,, palmnut oil.
6 ,, "rosin. 2 ,, cotton oil.
¢ . palmoil. 6 ,, rosin.
4 , palmoil

These recipes will probably be sufficient for the ordinary
makes of household soaps ; the practical soap-maker will know
how to vary them to suit his special requirements.

Mottled Soaps—There are two kinds of mottled soaps
known. One is a very old kind, having a faint grey mottle
scattered through its substance; this mottle was originally
obtained by using rather impure fats and alkalies. A more
modern kind of mottled soap is that having a prominent
mottle or grain of a blue, red or other colour, which is
artificially produced. 'We will speak of the grey kind first.

The mottle is produced in the following manner: The
fats and alkalies used in the early days were often largely
contaminated with earthy matters and metallic impuri-
ties ; these acting upon the fats formed metallic soaps,
differing in colour from the main body of soap which was
formed by the alkali. These earthy or metallic soaps be-
came entangled in the soap as it cooled down in the frame
and imparted to it a mottled appearance, the character and
extent of which depended upon the character and amount
of the impurities present.

To produce mottled soap of a good grain requires some
experience in soap-boiling. The method usually followed
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is to make a soap out of bone grease, kitchen grease,
bleached palm oil or common tallows, using low grades of
caustic and adding it in large excess. The soap is well
boiled, and then it is well boiled down with some lye until
it begins to curd out; it is at once run into the frames, and
these are covered over with cloths to keep the heat in.
During the cooling the metallic soaps tend to aggregate
together and so produce the mottle. One of the chief arts
in making a mottled soap lies in the boiling; if boiled too
long it sets too soon and the mottling has not time to form
properly, while if not boiled long enough, then it is apt to
contain an excess of lye, and the mottling settles out too
quickly.

It sometimes happens that the soap will not mottle
properly on account of the fact that there are not sufficient
impurities present. In such a case the soap-maker imitates
the mottle by adding for a grey mottle a little animal
black, or even black oxide of manganese. What is known as
Castle soap, and some makes of the Marseilles soaps have
a green mottle, which turns red on exposure to the air;
this is produced by adding near to the end of the boiling
a little copperas (ferrous sulphate), } 1b. to 200 lb. of soap
will be sufficient; this produces in the soap a deposit
of green hydroxide of iron. So long as this remains un-
exposed to the air it keeps its green colour, but when
exposed by cutting fresh surfaces of the soap it turns red,
which remains permanent. It may also be added that in
making these soaps green olive oils form the chief basis
for them, with occasionally the use of hemp seed, poppy
seed, niger and sesame oils.

Common Blue Mottled Soup.—Of more recent introduc-
tion than the blue mottled soaps just described is a soap with a
large blue mottle, much used in households for scrubbing
floors and other rough cleaning purposes. These soaps are
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very strongly detergent, and contain silicate of soda; they
will be described later on.

Curd Soaps.—Curd soaps are chiefly made from tallow,
with or without the addition of olive or other oils, which
are employed to tone down the hard and difficultly lather-
ing properties of a tallow soap. For a curd soap the fats
are melted in the soap-pan and saponified with lye of 10° to
12° Tw. strong, using small quantities at a time; consider-
able care is to be taken to produce what is known as "close”
soap, which is a homogeneous, pasty mass, free from any in-
dications of fatty matter or separated lye. At this stage there
is formed a soap containing a little free fat in an emulsified
condition. The soap is next * grained” or * cut’ by salt, and
the “grain soap’ is allowed to settle. The curding forms
the final operation. The grain soap is first boiled up with
a little weak alkali and wet steam, so as to again ‘‘close”
it and complete the saponification, after which stronger lye
i8 added and the mass heated with dry steam, when the
soap opens and the curd is formed. From time to time’
some of the soap paste is taken out and cooled, and when
it sets properly the steam is turned off, the curd allowed
to settle out, and then run into the frames. Curd soaps
are made from any kind of fats, and the only difference
between them and other soaps lies simply in the method of
boiling and curding out.

Paraffin Soaps, Petroleum Suvaps—These soaps are made
by crutching into a soap paste 10 to 20 per cent. of petro-
leum oil. The addition of these products to a laundry soap
appears to increase its detergent effect, and greasy clothes
in particular are more readily washed with a paraflin soap
than with an ordinary soap. Some makers of this class of
soap do not use the oils, but a soft, low-class, and somewhat
oily paraffin wax, on account of the odour being less.

Filled and S0phist'icated1GSoaps.—Several varieties of
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soaps are made which sell at a low price. These are pro-
duced by adding to the common but pure grades of soaps
previously described certain bodies which cheapen their
cost of production, while not altering the appearance of
the soap. It is obvious that these fillers, whatever their
nature may be, must answer a few requirements before they
can be used. In the first place they should not materially
interfere with the solidity, appearance, or keeping properties
of the soap, although some do not answer all these require-
ments ; then they should not interfere with the uses of the
soap in any way. Among fillers there have been, or are used,
such bodies as silicate of soda, silicate of potash, starch,
French chalk, kieselguhr, silicious substances, petroleum
jelly, or, as it is called in America, mineral soap stock,
Glauber’s salt, soda crystals. Silicate of soda is very largely
used ; it does not detract from the detergent properties of
the soap, if even it does not increase them; it can only
be used in the very cheapest of domestic soaps on account
of the fact that it makes them strongly caustic; it also
makes the soaps rather wasteful in water. Too much
cannot be used, or the soap is liable to be too thin. Starch
has been added to soaps; it forms with water and in the
presence of alkali a stiff gelatinous mass which is freely
soluble in water. It can therefore be added to soap without
altering its appearance. The detergent properties are re-
duced by the employment of starch.

The addition of such mineral substances as French
chalk, silicious matters, kieselguhr, is not now practised in
this country, as such a sophistication is readily detected in
the appearance and use of the soap. These bodies do not
add to the cleansing properties of the soap in any respect,
while they tend to break the grain of the soap, make it more
wasteful in usc and sometimes unpleasant to wash with.

Glauber’'s salt and soda crystals are sometimes added to
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soaps to make them harder, which they do by their property
of crystallising. The former reduces the detergent properties
of the soap, the latter tends to increase them. One defect
they have is that they are liable to bring about the forma-
tion of a white saline efflorescence on the surface of the soap
which is not at all desirable, while further they make the
soaps very wasteful in use.

Mineral soap stock, which is a kind of impure vaseline or
petroleum jelly, affects the soap simply by making it more
pasty in consistency and more greasy to work with. It is
rarely if ever used in this country, but in America, where
they seem to have a particular penchant for sophisticated
soaps, it is often added to common soaps.

Having thus briefly discussed the various filling agents
which are used, we mayv proceed to describe the methods of
using them.

Silicated Soaps.—These arc frequently known as run
soaps and the silicate of soda or potash as ‘runnings”.
Their introduction is due to Thomas & Sons, Limited ;
Gossage & Sons, Liimited, have also made this class of soap
very largely.

Silicate of soda i1s sold usually in the form of a viscous
liquid having a specific gravity of 100° Tw., although some
grades reach 140° Tw. The method of mixing and
the quantity used vary very greatly with different soap-
makers. There are some who make but little use of
“runnings” ; there are others who make great use of them,
all their common grades of soap containing silicatz of soda
in more or less quantity.

The method of using this material is verv simple. The
soap to be filled is run into a crutcher, heated by steam
until it is pasty, and then the gilicate is added.

A good grade of silicated soap is made by taking a neat
soap made from rosin, cottonseed oil and tallow in the
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usual manner, and adding to it in the crutcher 1 cwt. of
silicate at 100° Tw. to each ton of soap. Such a soap
will be stiffer and harder after the filling than before and is
a good quality for ordinary use.

When it is desired to make a very weak soap, then 1 ton
of neat soap is taken and 5 cwt. of silicate at 32° Tw. is
crutched in. This soap will be thin and soft and very
wasteful in use. A more limited use is to add 13 cwt. per
ton of soap of silicate at 10° Tw. A few makers use
2 cwt. of silicate at 120° T'w. per ton of soap.

Usually silicated soaps are sold as ‘ pale,” “primrose,”
“XX,” etc., household soaps.

To make silicated soaps appear harder, they are often put
into a drying oven and dried quickly for a few hours; the
outside thereby becomes covered with a skin which makes
the soap keep better. Another plan of obtaining the same
effect is to soak the soap in a strong solution of soda crystals
or of Glauber’s salt. One fault of such methods is that the
soaps tend to become covered with a powdery coat; this
gives it an unpleasant appearance which the customer does
not like to see, as he takes it as an indication of an inferior
make of soap.

Some analyses of silicated soaps will be given later on.

‘We may now devote a few words to other methods which
have been employed for filling soaps.

Starch is sometimes added when highly watered and
rather caustic soaps are to be made. It has the property
when boiled with caustic soda of forming a thick glutinous
mass which, when present in soap, acts as a binding material
and helps to keep the soap together. It dissolves freely in
water, and, while it does not add to the detergent properties
of the soap in any way, detracts but little from them. Two
per cent. is a fair quantity to use.

French chalk or ground tale, a silicate of magnesia, may
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be added to the extent of 5 to 10 per cent. without being
readily detected by simple inspection. At one time it was
largely used for this purpose, but now it is rarely met with.
It has no binding property and simply acts mechanically in
filling the soap.

Soda crystals—washing soda. This salt is often added to
soap, to the extent of 5 per cent. of the soap; a larger
quantity cannot be used, as it would cause much efflorescence
on the soap. This material both cheapens the cost of pro-
duction and adds to the detergent properties of the soap.

One feature in connection with the use of soda crystals
in soap, is that it softens hard water, and when this is used
for laundry purposes there is thus a saving of soap.

Glauber’s salt—sulphate of soda. This substance has a
hardening action on soap. It does not add to its detergent
properties nor does it soften hard water.

Borax may be used as a filling, but it is rather an expen-
sive one and therefore cannot be used to cheapen soaps. It
is an excellent addition to soaps, as it possesses good deter-
gent properties, while it exercises slight bleaching effects on
the clothes washed with it.

Pearlash—carbonate of potash.  This substance is
sometimes added to soaps first for the purpose of hardening
them, second for giving them a finer texture. This latter is
brought about by double decomposition between the soap
and the pearlash, resulting in the formation of a potash soap
and sodium carbonate; the former improves the texture of
the soap, rendering it smoother and more transparent, while
the latter tends to harden it. Too much pearlash should not
be used or the soap will become too soft and pasty.

SOAP-MAKING BY SPECIAL PROCESSES AND FROM SPECIAL
MATERIALS.

Cold process and pressure process.
In these two processes an attempt is made, at all events
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in theory if not in practice, to employ the fats and alkalies
in the proportions in which they combine to form svap ; the
glycerine which is formed is not separated out but remains
in the finished soap. The cold process has been in use for
many years, and, being a comparatively simple process, re-
quiring no special plant, is much employed by small users of
soap who desire to make their own soap. The pressure
process is of morc modern introduction and requires special
plant for it to be carried out.

We may, before describing the practical operations devote
some attention to the theory of the processes, the employ-
ment of which has been greatly facilitated by the improve-
ment which has taken place of late years in the manufacture
of caustic soda.

The idea of the process, whether it be cold or pressure
process, is to bring the fat into contact with just the amount
of alkali that will ensure complete saponification and produce
a neutral soap, although by using a slight excess of alkali an
alkaline soap may be made if so desired.

Although equations showing the reaction which takes
place during the saponification of fats have been given pre-
viously, yet to save reference it may be well to repeat them
here- The first equation shows the action of caustic soda
on the triglyceride, olein, which is chiefly found in oils.

CyeHy,0, OH
C..,HA{C,,HMO, + SNaOH = 8NaC,H.0, + clu,{ou
Cl,H;;0, Caustic Soda. Sodium Oleate. OH
Olein. (Soap). Glycerine.
From this equation it is easy to calculate the proportions
of olein and alkali which take part in the reaction. These
are 884 parts of olein to 120 parts of caustic soda, the ratio
being 7'4 to 1, while there are formed 912 parts of sodium
oleate (soap) and 92 parts of glycerine.
In the case of stearin, the solid constituent of tallow and
many other fats, the equation becomes :—
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C1sH05 HO
C.H, {cuu,,o, + SNaOH = 8NaC,H,0, + C‘;HS{HO
Cj H;s0,  Caustic Soda.  Sodium Stearate HO
Stearin. (Soap). Glycerine.
From this equation we can calculate that 890 parts by
weight of the glyceride require 120 parts of caustic soda to
saponify it, and produce 918 parts of soap and 92 parts of
glycerine.
Palmitin, the glyceride of palm oil, saponifies with caustic
sods, as shown in the equation:—

C,¢H;,0, f OH

C;H {CMH ,0, + 8NaOH = 3NaC,H,0, + C,H;)0H
CyH;,04 Capstic Soda.  Sodium Paliitate. \OH
Palmitin. Glycerine.

From which it may be calculated that 806 parts of the
glyceride require 120 parts of caustic soda, and there will be
produced 834 parts of soap and 92 parts of glycerine.

Laurin, the principal glyceride of coconut oil, is saponi-
fied as shown iu che equation :—

CiH,.0, OH
CH,{C,H,;;0, + SNaOH = 8NaC,H,0, + CH,{OH
{C,,H”O, Caustic Soda.  Sodium Laurate. {()H
urin. Glycerine.
638 parts of laurin require 120 parts of caustic soda, and pro-
duce 666 parts of soap and 92 parts of glycerine.

If all fats and oils were composed simply of one glyceride
it would be an easy matter to make the manufacture of soap
a truly scientific proceeding, but unfortunately the oils and
fats have not the simple composition which has been as-
sumed above, they being mixtures in various proportions of
two or more different glycerides. Thus tallow contains both
stearin and olein; palm oil, palmitin, stearin and oldin; coco-
nut oil is even more complex, it contains laurin, caproin,
caprin, caprylin, olein, stearin, etc. Then again the propor-
tions of these various constituents vary from time to time
hence the soap-maker cannot assume that his fats will
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always have a constant composition, and basz his method of
working on that assumption.

As the process of soap-making under the cold and pressure
systems must, or should be, carried on in such a way that an
excess of alkali be avoided, the soap-maker ought to be placed
in a position to ascertain the amount of alkali, caustic soda
or caustic potash any lot or parcel of fat he is using will
take; this he can do by ascertaining by means of the Koett-
storfer test the proportion of alkali required to saponify any
given fat or oil The method of carring out this test we
will now describe.

The Koettstorfer Test.—To carry-out this test there is
needed first a wide-mouthed glass flask of about 4 to 6 oz.
capacity, fitted with a cork, through which passes a piece of
glass tube about 3 feet long and } inch wide. There will
also be required a water bath heated by a bunsen burner
for the purpose of heating up the flask when in use. A
burette, 25 c.c. pipette and balance and weights are also
necessary. The chemicals required are a solution of 30
grammes of pure caustic potash in 1000 c.c. of alcohol and
a standard solution of sulphuric acid, or better what is known
as seminormal strength, that 1s, containing 24'5 grammes of
pure sulphuric acid per litre.

Weigh into the flask 2 grammes of the oil or fat to be
tested, add 25 c.c. of the alcoholic solution of caustic potash
and heat on the water bath for half an hour, shaking up at
intervals. At the end of the time stated the fat will have
been completely saponified, and it is only necessary to
determine the excess of the alkali used. This is done by
dilufing the test solution with a little water, adding a few
drops of an alcoholic solution of phenol phthalein, which will
impart a red coloration, then adding carefully from the
burette the standard acid until this red colour disappears,
noting the number of c.c.’s of acid required. The flask is
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* next well rlased out and a blank test made by ineasuring

into it 25 ¢.c. of the potash solution, boiling up on the water
bath as before, then diluting with water, adding the phenol
phthalein solution and titrating from the burette with the
standard acid. The object of making this blank test is to
standardise the potash solution in terms of the acid solution,
and this is hest done in the manner just described, as then
any error which may be caused by impurities in the alcohol
used acting on the alkali during the boiling is eliminated.

To calculate the percentage of caustic potash required to
saponify the fat from the data obtained, the number of c.c.’s
of acid used in the test with the oil is subtracted from the
number used in the blank test; the difference maultiplied
by 0028 gives the weight of alkali, KOH, required to saponify
the 2 grammes of fat taken, and this multiplied by 50 gives
the percentage. To take a concrete example: 2 grammes of
tallow were taken and treated as described, the number of
c.c.'s of acid used being 82, the blank test taking 2271. Then
we have :—

Blank test . . . . . . . . . 22°1
Oil test . . . . . . . . . 82
Difference . . . . 189 .-

139 x 0:028 = 03892,
03892 is the weight of KOH required to saponifv 2
grammes of tallow. Multiplying this by 50 we have 19-46,
the percentage of caustic potash, KOH, required to saponify
tallow.

Should it be desired to ascertain the quantity of caustic
soda required, then the differcnce in the standard acid nse
is multiplied by 0:02. In the above case we should have
139 x 002 = 0278 0278 x 50 gives 139 as the per-
centage of caustic soda required to saponify tallow.

In the same way the Koettstorfer value or saponification
equivalent of other fats and oils may be obtained, and having
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got these, and knowing the actual strength in real caustic
of the sample of commercial caustic soda he is using, the
soap-maker will be in a position to calculate the quantity of
caustic soda or of caustic potash he must use to convert a.
given quantity of fat or mixture of fats into soap by either
the cold process or the pressure process.

Thus supposing the soap-maker wishes to make a soap
from :—

1 cwt. kitchen fat having a Koettstorfer value of 13-5,

2 cwt. of tallow with a Koettstorfer value of 139,

2 cwt. of coconut oil with a Koettstorfer value of 184 ;
and is using 74 per cent. commercial caustic which contains

95:5_per cent. of real caustic soda; then we shall have to-
make the following calculations :—
The kitchen fat will take :—
100 : 135 :: 112 : 15°12 lb. of caustic soda.
The tallow will take :—
100 : 13:19 : : 112 : 15°56 |b. of caustic soda.
The coconut oil will take :—
100 : 184 : : 224 : 4021 lb. of caustic soda.
Then we have :—
1512
1556
40-21

A total of 70°89 Ib. of caustic soda required to saponify the
weight of fats given.

Next we_have to calculate the quantity of commercial
soda to_be used. For this we have the proportion 955 =
100 : : 7089 : 743, There will therefore be required 743
Ib. of 74 per cent. caustic soda to saponify the fats taken.

In a similar way calculations may be made concerning
other mixtures of fats and oils.

The Koettstorfer values or saponification equivalents of
various oils have already been given; these may be taken




COLD-PROCESS SOAPS. 251

without much error, but the soap-maker is recommended to
test separately each fresh batch of fats that he may be using,
as they often vary considerably.  The method of testing
commercial caustics for their real strength has been given
when dealing with alkalies.

There is another point which requires attention in mak-
ing soaps by either of the two processes under consideration,
and that is the proportion of water they must contain when
finished ; for it must be borne in mind that whatever water is
added during the process of manufacture remains in the soap
and cannot be conveniently removed if an excess has been
used, or increased if too little has been employed.

" The soap-maker must, therefore, if he desires to produce a
soap with a given proportion of water, use only that quantity
which will give him this result, and this of course he adds
along with his caustic in the form of lye. Thus supposing
that in working up the fats given in the example above he
wishes to produce a soap with 30 per cent. of water, he would
add the weight of fat employed to that of caustic used and
then work the proportion sum—

70 : 30 : : 446 + 74'8 : 2239
he wili therefore have to add 2239 1b. of water in making

his soap. This water he will of course add to the caustic
soda.

THE COLD PROCESS OF SOAP-MAKING. ~

The process now to be considered is perhaps the simplest
of all processes of making soap. It consists essentially in
just heating the fats from which the soap is to be made
sufficiently to melt them. then thoroughly mixing the
melted fat with strong caustic lye, and then allowing the
mixture to stand for a few days. The saponification of the
fats proceeds, and at the end of the time stated is fairly
complete, and the soap is made. The plant required is of a

[}
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simple character, and this is probably the reason for the
process having come into use.

The advantages of the “cold process” of soap-making
may thus be summed up. It is very simple and easily
carried out, requiring little labour and plant. Small quan-
tities can be made by its means, which is not the case with
the boiling process. The soap too has a better appearance
than a boiled soap; further it keeps its form better and does
not crack so readily as a boiled soap. It is therefore better
adapted for making tablets of toilet soap, for which purpose
the cold process is chiefly employed. The yield of soap from
any given weight of fat is larger on account of the fact that
all the material used in making the soap remains in.

The disadvantage of the cold-process soap is that it is
difficult, indeed impossible, to secure complete saponification
of the whole of the fat used. There always is present in
these soaps a small but variable quantity of free fat. Then
they also contain a little free alkali, which causes the soap to
work harsh and feel sharp to many skins. The presence of
the free fat may sometimes lead to the soap becoming rancid.
Cold-process soaps when exposed to the air are rather liable
to sweat and they dry up more easily than a boiled soap ; it
therefore does not look well when old. It however dissolves
more freely in water and therefore lathers better; for hard
waters it is better suited than a boiled soap.

As all the ingredients which are used remain in the soap,
it is evident that all the materials used should be of the best
quality if a good grade of soap is to be made.

The fat most used and best adapted for making soap by
this process is coconut oil. At one time it was considered
that a cold-process soap could not be made without this oil
forming fully one half of the fats used. This however was at
the time when highly causticised lyes were not made and
when caustics of high strength were unknown. Now how-
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ever any kind of fat may be employed, but coconut oil
remains the chief one used. Its merit lies in the fact that
it saponifies more readily with strong alkalies such as
have to be used than any other fat. It yields a soap of a
fine colour, it dissolves easily in cold water and lathers very
freely; on the other hand it is apt to be harsh and feel
sharp to delicate skins.

Tallow is also very largely used for cold soaps, giving good
white soaps of a firm texture, durable in use.

Palm oil, too, is largely used, as is also castor oil. The
soap-maker may indeed use any fat or admixture of fats
according as he wishes to produce a soap having particular
properties.

‘Whatever fats are used they should be of a good quality,
free from any foreign matter and be fresh. It is advisable to
subject them to a clarifying process before using them; this
process may take the form of melting and allowing to settle,
or the fat may be melted over a salt lye of about 10° Tw.,
and in each case using only the clear fat which rises to the
top. It is of great importance to use fresh fats and fats
free from any great proportion of free fatty acid, as such
tends to the formation of soap which is not uniform in grain,
the free fatty acids, when the alkali is mixed with the fat,
immediately combining with it to form soap which separates
from the rest of the mass in the form of grains and curds;
the presence of which destroys the homogeneous character
of the soap. If it be suspected that any particular batch of
fat contains too much free fatty acid, such may be removed
by heating the fat to just about its melting point, then
thoroughly mixing it with a little weak lve made from soda
ash of about 2° to 3’ Tw. strong: the alkali takes out the
acid in the form of soap, which dissolves in lye. By keeping
the mass at 130° to 150° F. the purified fat will rise to the
top and may be skimmed off and used. If any difficulty be
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experienced in separating the clear fat a little brine added
will remove it. It pays to use only the best grades of fat.

The alkali used must be the highest grade of caustic that
can be bought, either the 77 per cent. solid caustic soda or
the 100° Tw. liquid caustic soda. The strength of lye
most commonly used is 70° to 72° Tw. and containing
32 to 33 per cent. of actual caustic. The alkaline lye should
be made with as soft a water as can be got. Low grades of
caustic are not suitable for making soap by the cold process,
inasmuch as the foreign salts and impurities they contain
interfere with the complete saponification of the fat and lead
to the production of a soap which contains a large proportion
of free fat and free alkali; then again if a very low grade
caustic were used the impurities and salts would be liable to
efflorescence on the surface and spoil the appearance of the
soap and of any wrappers in which it may be placed.

As regards the quantity of lye used and the proper
strength at which to use it, this necessarily varies with the
kind of fat employed. Coconut oil, for instance, will require
more lye, and a stronger one may be used than is the case
with tallow.

It has been found that coconut oil and cotton oil saponify
best with a lye at 72° Tw., while for tallow, palm oil
and most other fats the saponification proceeds best at 66°
Tw. Too strong a lve should be avoided, as then the
soap is made rather curdy in texture and the saponification
but imperfect, the soap being hard and rough. It is better
to use a lve one or two degrees weaker than stronger.

As regards the quantity of lye to be used, coconut oil, as
beforc mentioned, takes the most, 100 lb. of the oil taking
50 1b. of Ive at 72" Tw. made from 77 per cent. caustic
soda. With a lower grade of caustic, say 70 per cent., then
the lve may be made stronger, say 77° Tw., and the same
quantity used.
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Tallow, cotton oil, palm oil, and other fats do not require
so much alkali; in their case it is best to use a lye of 66°
Tw., and of this 50 lb. will be required for each 100 lb.
of fat.

Using the fats and oils and lyes in the proportions and
strengths given, the finished soaps will contain about 25 per
cent. of water, which is a fair average quantity. If a soap
<containing more water be desired, then a weaker lye may be
used, while if a stronger soap is wanted, then a stronger lye
must be employed.

It may again be stated that in the cold process the
saponification is never complete; there is always in the
finished soap a little free fat and a hittle free alkali. In mak-
ing a toilet soap it is advisable to so proportion the fats and
alkalies and the strength of the lve used as to leave as little
free alkali as possible.

Having so far dealt with the materials and principles
of the cold process of soap-making, we may now proceed to
describe in detail the operation itself.

~——  ‘Worlking of the Cold Process—The fats and oils which
are to be used are placed in a pan, which ought to be fitted
with a mixing arrangement. The fats are melted by heat
in any convenient way, cither by steam or fire. A suitable
pan for this purpose is that made by Dopp of New York
and already illustrated, (Fig. 31, page 187). The temperature
should not be too high, simply that which is sufficient to
melt the fats. When coconut oil is used this will be 80° to
90" ., with a mixture of coconut oil and tallow about 100°
F., with tallow and other greases from 110° to 120° F. When
melted the e lye i8 run in mthkconstnnt stirring, which is
Continued| until the mass of fat and lve begins to thicken
~and flow from & paddle in a uniform sluggish stream. The
temperature of the lyve may be that of an average summer
heat, 70° to 80" F. There is no need to heat or warm it in
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summer, but in winter it may be advisable to heat the lye to
80° F. before mixing it with the oil. After the lye and oil
have been mixed and it begins to thicken the soap mass is
run into the frames, which are then covered over with sack-
ing to keep the heat in as much as possible, and left for from
three days to a week for the soap to form fully, after which
it may be cut up in the usual way.

Although comparatively simple, vet, as with all processes
of soap-making, the cold process must be conducted with
care and attention to some points of detail, otherwise the
product will not be quite right. Some of these points have
already been mentioned, others may now be briefly referred
to. To ensure a perfectly good product, the fats must be of
good quality and free from free fatty acid, or otherwise the
soap is liable to turn out curdy and not homogeneous in
structure. The fats should be at the right temperature, &
too cold, or otherwise they might set on adding the lye, nor
too hot, or then the sapomﬁcatlon of portions may take place
to0 ra.pldly and a curdy or gra,my soap be produced The
strength of the lye has already been dealt with and "does not
need repeating here. The mixing or crutching of the fat
and lye together should be thorough but not too prolonged.
It is not desirable that any actual saponification should take
plo.ce “during the mixing operation, but only in the frames
afterwards. It is found in pra.ctlce that, if the crutchmg
be too prolonged, there is a tendency for the materials to
separate out in the frames, and an indifferent quality of soap
produced, with which only one thing can be done and that is
to throw the materials into the soap-boiler and boil them up.

The frames into which the soap is run from the crutchers
should not be too large ; those holding from 2 to 2} cwt. are
best, and it is preferable that these should bé low and broad
rather than narrow and high. The latter shape of frames re-
tains the heat too long, and the soap does not set properly,
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while with the low flat frames covered with sacking the heat
is retained, sufficient to ensure the proper saponification taking
place. Too much heat should be avoided, as then there is
& risk of oil separating ou out. In summer time this is a risk
specially to be guarded against.

Filling Cold-process Soaps.—The cold process adapts
itself very well to the perfuming, colouring, and filling of the
soaps made by it.

As regards perfuming any kind of perfume may be added,
and recipes for such perfumes will be found described under
the head of Toilet Soaps. The perfumes should be added
after the stock has been mixed in the crutchers and before
the crutching is finished, so that the perfume has time to
get intimately mixed with the whole of the soap stock.

Cold-process soaps may be coloured to any extent and -
with any kind of colouring material. In the case of employ-
ing such bodies as vermilion, ultramarine, chrome green,
etc., which are insoluble in water, they may be added to the
fats before adding the alkali, when they will get thoroughly
incorporated with the soap. Of course care must be taken
not to employ any colouring matter, like Prussian blue,
which is acted upon by the alkali. As regards soluble
colouring matters like annatto, safranine, eosine, and the
coal-tar dyes in general, the best plan is to dissolve these in
water, straining the solution to free it from any undissolved
particles which might lead to the production of specks in the
soap, and add the solution to the lye, using this rather stronger,
perhaps, to allow for the dye solution weakening it, although
when there is but a small quantity of dye stuff being used
this point does not need much attention.

Filling materials such as silicate of soda, starch, sulphate
of soda, salt, sugar, etc., or combinations of these, may be ’
added towards the last while in the crutchers to any re-
quired extent. They are be]sg added just before framing,




258 SOAP MANUFACTURE.

although the practice of soap-makers varies very consider-
ably on this point.

In the chapter on Toilet Soaps will be found & number of
recipes for making these soaps by the cold process; we shall
here confine attention to domestic soaps.

Hard White Soap.—100 lb. good white tallow, 50 lb.
caustic soda lye at 68° Tw.

White Hard Water Soap.—100 lb. coconut oil, 50 lb.
caustic soda lye at 72° Tw.

White Soap.—50 1b. tallow, 50 Ib. coconut oil, 50 Ib.
caustic soda lye at 70° Tw.

Domestic Soap, Yellow.—50 lb. coconut oil, 30 lb. tallow,
20 1b. palm oil, 50 lb. caustic soda lye at 70° Tw.

Pale Soap.—50 lb. coconut oil, 25 lb. tallow, 25 lb.
palm oil, 25 lb. castor oil, 63 lb. caustic soda lye at 70° Tw.

The replacement of a portion of the soda lye, say one-
fourth, by caustic potash of the same strength, much im-
proves both the appearance and quality of these soaps.
Soap-makers working from the above recipes can easily
reckon on the respective quantities of soda and potash.

SOAP-MAKING UNDER PRESSURE.

During recent years there has been introduced a system
of making soap under pressure, and in the chapter on Soap
Machinery there has been described a plant which is used
for this purpose. The materials employed are those used in
the ordinary cold process, and any recipe which has been
given under that head may be employed for making soaps
under pressure.

For a good yellow soap there may be used a charge of
7 cwt. of tallow oil, 3 cwt. of rosin, 3 cwt. of palm oil and
140 gallons of caustic soda lye at 34° Tw.; or there may be
used 7 cwt. tallow, 2 cwt. palm oil, 4 cwt. rosin, with 140
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gallons caustic soda lye at 42° Tw. This will make a drier
soap than the last formula.

The plant is made sufficiently large to hold 1 ton of charge,
but may however be built larger to take 2 tons in one
charge. The method is simple; the apparatus is charged
through the manhole provided for the purpose, which is
then closed, and the fire is lighted and maintained to such a
degree that the pressure in the boiler stands at 50 to 60 Ib.,
as indicated by the steam jet provided for the purpose. The
length of time allowed is from five to six hours, at the end
of which time the finished soap is run into the crutchers
and mixed with any colouring matter or scent that may be
required, after which it is run into the frames to set. It is
quite possible when working a high pressure system to use
two charges a day. The soap made is generally excellent in
quality and quite equal to that made by the ordinary pro-
cesses. Like the cold-process soap it will retain all the
glycerine and other materials which have been added in the
process of making. (See also Bennet and Gibbs’ process
farther on.)

Oleic Acid Soap.—Oleic acid is prepared in fairly large
quantities as & by-product in the manufacture of stearic acid
for candle-making, and is used for a variety of purposes
among which that of soap-making may be included. It is
sold in two principal products, pale oleic acid of a light
straw colour, and brown oleic acid which has a reddish
amber colour, both varieties having a peculiar odour which
is rather characteristic. The composition of oleic acid varies
somewhat from time to time, according to the processes by
means of which it is made. Its chief constituent is, of course,
oleic acid, but it contains in addition small traces of hydro-
carbon matter, and traces of fatty oil which has escaped
saponification. The following are analyses, recently made
by the writer, of two samples of commercial oleic acid, from
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which the average composition of the commercial article can
be readily gleaned. The specific gravity is also given at
60° F., and the temperature at which it begins to set.

‘ Pale.” “ Brown.”
Oleic acid . . . . . . . . 9806 87-70
ol . . . . . . . . 6-04 941
Hydrocarbon . . . . . . . 90 289
Specific gravity . . . . . . . 0897 0-904
Turbid at . . . . . . . . 42° F. 88°F.

There will be required the proportion of oleic acid actu-
ally present, together with the amount of saponifiable oil;
these may be ascertained by the usual methods. Taking
as a concrete example the analysis of the brown oleic acid
given above, and assuming that a charge of 1 ton of oleic
acid is going to be worked, and that 77 per cent. caustic
soda is to be used, we shall have the following:—

282 : 40 : : 877

100 : 2240
which gives 257 1b. of 77 per cent. caustic as being required
to saponify one ton of this brown oleic acid. As there is
941 per cent. of saponifiable oil in the sample, the additional
quantity of caustic to saponify this may be calculated thus,
allowing 14 Ib. of caustic for 100 lb. of the oil :—

100 : 14 : : 941

100 : 2240
which gives 295 Ib. as the additional quantity to add.

Oleic acid combines immediately or almost immediately
in the cold with caustic soda and caustic potash, and it will
react also with the carbonates of soda and potash; in the
latter case a considerable evolution of carbonic acid taking
place.

Soap may be made from oleic acid by using either
caustic soda or carbonate of soda for hard soaps, or by using
caustic potash or carbonate of potash if soft soaps are re-
quired. A good sample of oleic acid takes half its weight of
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caustic soda at 66° Tw. for its complete saponification. The
two substances may be brought together either in the cold
or boiling; when brought together heated, the combination
is apt to take place so rapidly that the soap separates out in
the form of grains which are apt to contain unsaponified
oleic acid. In a somewhat lesser degree this is also apt to
occur when using it cold. The best method of working is
to run the fatty acid into the steam-jacketed pan, which is
fitted with an agitator. There is then added the required
quantity of caustic soda at 66> Tw. with agitation. At the
same time the heat is turned on so as to heat the mass. The
heating and agitating are continued until a uniform pasty
mass is obtained. To this may be added any required scent
or colouring matter, after which it is run into frames to set.
The same plan may be adopted if caustic potash be employed
in the place of caustic soda.

The theoretical equivalents between oleic acid and the
alkalies are: 282 of oleic acid to 40 of caustic soda, or 56 of
caustic potash, these being parts by weight. The soap-maker
will find it as well to ascertain by chemical analysis the exact
strength of the oleic acid, and to calculate from these pro-
portions the quantity of caustic soda or caustic potash which
he will combine with any given charge of oleic acid. As
commercial oleic acid generally contains a small percentage
of unsaponifiable oil a slight excess of alkali may be added;
this will ensure complete saponification of the fatty matter.
In place of employing the caustic alkalies, the cheaper car-
bonates may be used; but in this case the soap-maker is
troubled with a considerable amount of frothing, owing to
the formation of carbonic acid gas, which necessitates the
employment of very large vessels for the production of the
soap, which is in many cases rather inconvenient. The
proportion of soda ash of 52 per cent. to oleic acid may be
taken as 19 lb. of soda to 100 Ib. of oleic acid, and 3%

3b. Ie
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gallons of water will be required to dissolve that quantity of
soda ash. If needful the better qualities of alkalies may be
employed, when a proportionately less quantity will be used.
Theoretically 282 lb. of oleic acid require 53 Ib. of sodium
carbonate or 69 lb. of potassium carbonate for saponification.
There is no difficulty in making a good soap from oleic acid,
and the carbonates should be used warm and the solution of
the soda ash added, allowing time for the subsidence of the
frothing, by which means the process can be carried on with
more effective control. After all the alkali has been added
the mass of soap should be kept heated until it assumes the
form of a smooth, homogeneous paste, when it is ready for
running into the frames for cooling.

If thought desirable the oleic acid may be combined with
other fats or rosin. A good proportion would be 3 cwt. of
oleic acid#and 1 cwt. of rosin, or 3 cwt. of oleic acid, 1 cwt.
of palm oil, and 1 cwt. of rosin. When these fats are used
the mixture requires boiling rather longer than when oleic
acid is used by itself. The soaps thus made are rather better
in taste and swecter in odour than soaps made from oleic acid
alone. It may be noted that the soap made from brown
oleic acid tends to become darker in colour by keeping; with
pale oleie acid this defect is not met with.

HYDRATED SOAPS.

A similar plan of working is one which has been
especially followed in making what are generally known
as marine soaps; it is practically a modification of the
cold process, but employed at the boil, the soap not being
salted out afterwards. The method of working is as
follows : —

The fat is melted in the pan in the usual way ; the alkali
of the required degree of strength is run in, but not in suffi-
cient amount to completely saponify all the fat. The mixture
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is thoroughly boiled, and when saponification is as nearly
complete as possible more lve is added and the boiling con-
tinued, and fresh lye added until there is just a faint taste of
alkali. The soap is then run into the frames for cooling.
Any kind of fat may be used for this purpose, and it is known
as marine soap. Each kind of fat requires a certain parti-
cular strength of alkali to ensure the best results ; thus, tallow
is best saponified at 16° Tw., coconut oil at 32° Tw., palm oil
at 28° Tw,, olive oil at 25° Tw. The quantities are given in
the following table :—

100 1b. of tallow take 231 1b. of lye at 16° Tw.

100 1b. of coconut oil take 130 1b. of lye at 82° Tw.
100 1b. of palm oil take 114 1b. of lye at 28° Tw.
100 1b. of olive oil take 120 Ib. of lye at 25° Tw.

Hydrated soaps are not made to any great extent now,
on account of the fact that they contain the glycerine formed
during the process, and it does not pay to leave glvcerine
in the soap. Hydrated soaps which are made from cheap
greases are sometimes hardened by crutching in soda crystals
or Glauber’s salt, which makes them very much harder, and
in some cases increases their detergent value.

SAPONIFICATION UNDER PRESSURE.
(Beunet & Gibbs' Process.)

Many attempts have been made to produce soap by other
than the ordinary boiling and cold processes before described,
and in which agitation of the materials performs the pre-
liminary stage of the operation. Messrs. Bennet & Gibbs of
New York obtained a patent in 1865 for & mechanical process
which is said to possess the following advantages : 1, Rapidity
of manufacture; 2, improvement in quality; 3, increased
quantity of soap produced : 4, economy in labour; 5, saving
in fuel; 6, the use of cheaper materials: 7, saponification
of all grease; 8, saving of all the glycerine which enters
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into the soap. The last may have been thought an advan-
tage thirty years ago, but to-day when glycerine is so valuable
it is rather a disadvantage. The following is a description
of the process: —

Their process consists in agitating the saponifiable
materials with caustic or carbonated alkalies in solution in
water in a closed vessel, while under heat and pressure, in
such a manner as to cause a thorough mixing of the fats
with the alkaline solution and producing an instantaneous
combination of the fatty acids with the base of the alkaline
solutions. If a quantity of fatty matter be enclosed in a
vessel with a solution of carbonate of soda in water, and
heat applied to produce a pressure of 220 to 280 lb. per
square inch and a temperature of 350° to 400° F., a combina-
tion between the fatty acids and the soda of the solution
will take place only at the upper surface of the solution when
in contact with the under surface of the ‘grease, the heavy
lye occupying the lower part of the vessel, and soap will be
produced where the fat and alkali unite.

If the mass be agitated in such a manner as to stir
together and thoroughly mix the contents of the vessel, the
whole will be instantly converted into a homogeneous and
even quality of soap. It is advisable to use no more water
than is wanted in the soap. The process is carried on in a
boiler or cylinder similar to a plain cylinder steam boiler
resting horizontally, and heated in any convenient manner.
One or both heads of the cylinder are made so as to be con-
veniently removable, and are the full size of the inner
diameter of the cylinder, so as to admit of the insertion of
a revolving shaft, which should be as long as the cylinder
itself. The shaft, which is in the centre of this cylinder, is
carried through both ends and works in stuffing boxes;
power is applied to revolve the shaft. On the shaft are
fastened arms with floats or stirrers, extending nearly to the
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sides of the eylinder; the arms, floats or agitators on one
side of the shaft when revolved carrying the fat down into
the alkali, while the agitators on the other side carry the
alkali up into the fat, thus, while under heat and pressure,
thoroughly mixing the whole, causing the conversion of the
whole contents of the vessel instantly into a uniform, even,
and good quality of soap.

At one end of the cylinder are placed two safety valves,
one at the top of the cylinder, the other on an outlet pipe
inserted in the head of the cylinder. There is also a mercury
bath of about 4 inches in length of gas-pipe which is
screwed into the boiler or cylinder in any convenient place
for the insertion of the thermometer bulb. At the opposite
end of the cylinder is an opening for the insertion of a
supply pipe; at the other end is also an opening for the
insertion of a second outlet pipe, and which is intended to
be used only when it is desired to draw off the whole contents
of the vessel. When the machine is first put into operation,
if carbonate of soda is used, it is necessary to allow some car-
bonic acid to escape by one of the safety valves, in order to
prevent undue pressure by the liberation of the carbonic
acid when combination of the fatty acids with the alkali
takes place. If any of the liquids be allowed to escape
before the temperature reaches 325° to 375° they should he
returned to the cylinder.

The safety valve on the outlet pipe may be so loaded as
to allow an escape of soap at a pressure of 250 to 270 Ib.
A quantity of lye and oil may be pumped in at the opposite
ends, the agitation being kept up; a continual stream of soap
flows out at the other end. The product may then be pre-
pared for the market by cooling, moulding (framing), and
cutting processes in ordinary use. By this process the soap is
made in less than one hour from the time the ingredients
are introduced into the boiler, but a uniform thorough
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saponification is obtained at the instant that the heat and
pressure arrive at the required degree, be the time long or
short ; if this degree is reached in five minutes the soap is
made. ‘

The proportions employed are as follows: carbonate of
soda at 48° 27 lb., water 100 lb., lard, tallow or oil 100 Ib.
27 lb. of carbonate of soda will, it is said, make a neutral
soap for soft water; the quantity obtained by the above
process is 200 lb. of soap for every 100 lb. of grease em-
ployed.

The process is stated to be applicable to making any kind
of soap, including soft soap, which is prepared with the same
rapidity, without requiring the use of so much potash as in
the ordinary process.

Although the original inventors recommend carbonate of
soda it would be better to work with caustic soda, as the
annoyance and trouble caused by the evolution of carbonic
acid would thereby be avoided.

B. ToIiLET Soaps.

The variety of name, shape, perfume, colour, in toilet soaps
is great, while the price at which they are offered to the public
ranges from one penny to half a crown the tablet. Needless
to say the former is that of a poor class of toilet soap—and
yet it is wonderful what a fair class of soap may be turned
out for the democratic penny-—while the higher price is asked
for a soap of superb quality, packed up in a very artistic
manner, and which appeals strongly to the aristocracy for
support.

Toilet soaps are of two kinds—the ordinary opaque kind
and transparent soaps.

Toilet soaps are made by two processes, those known to
the soap-makers as the boiling and the cold process. Again
we may draw a further distinction between those which are
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milled, and those which are made by crutching or remelting.
The boiling process of soap-making has been described in
the first part of this chapter. Practically, it is the same
for a.l kinds of soap; if there be any ditference at all it is that
it is more carefully worked when the better qualities of soap
are being made. The cold process is fairly well known and
i8 much used ; it has been described. In the preparation of
toilet soaps the maker really starts with a ready-made soap,
whether this has been made by the boiling or the cold process
is immaterial, and by carrying out certain finishing operations
he converts his soap into a toilet soap.

Common Toilet Soup.—A great deal of the common toilet
soaps are very simply made. An ordinary soap is taken
when just hot, and before it is framed it is put into a
crutcher ; there is then added a small quantity of palm oil
or of coconut oil, according as a coloured or white soap is
being made, the object of this addition being to neutralise the
last traces of alkali which may be contained in the soap.
There is then added a little scenting material, some colouring
matter if needful; the soap is then framed, allowed to cool,
then cut up into slabs and bars, stacked until it gets fairly
firm, then cut up into tablets and stamped. The scenting
materials usually employed arc mirbane or artificial oil of
almonds, citronelle and oil of caraway. The most commmon
colouring matters to add are Bismarck brown, chrysoidine or
soap yellow. As an example to work upon, the following
recipe for a ‘

Brown Windsor soap made in this way may be taken:—

75 1b. of soap made from a mixture of tallow and palm oil.
2 1b. of palm oil.
1 1b. of mirbane.
1 ounce of Bismarck brown.

A white Windsor soap can be made from :—

75 1b. of a white soap made from tallow and coconut oil.
8 1b. of coconut oil.
1 Ib. of citronelle.
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The recipes to be found further on will also give the
‘manufacturer some idea of how to make other qualities of
80ap in this way.

Toilet Soaps by Remelting and Crutching.—A large quan-
tity of toilet soaps are made in this country from stock soaps
by remelting and then subjecting them to a mixing with the
perfume and colouring matter. This method is carried out
in the following manner: The soap or soaps which are
.employed are cut up into shavings, which are then put into
a remelter, which may take any form. The best is however
a steam-jacketed pan fitted with an agitator, which serves to
keep the soap in motion and mix the other ingredients with
it. As just hinted there are often used several kinds of soap ;
the toilet soap-maker will find it convenient to make his
stock soaps from tallow, coconut oil, palm-nut oil, palm oil,
castor oil. These should be carefully made, as free from
-excess of caustic alkali as possible, and contain little or no
salt. The soap should not be too dry—about 25 per cent. of
water is a good proportion for it to contain—the operation of
remelting results in the soap losing some of its water. In
the case of using dry soap it may be advisable to send a little
-open steam into the remelter to give the soap the necessary
degree of moisture.

If the remelter is fitted with an agitator, when the soap
is melted the other ingredients, colouring matter and perfume,
may be added, and when all are mixed, the soap is run into
the frames to set. It will be found best to turn off the steam
from the remelter while carrying out the last operation so as
to avoid as little loss of perfume as possible. If the remelter
is not fitted with an agitator, then the soap when melted is
run into a crutcher and the perfume, etc., mixed with it there
before running into the frames to set.

The following recipes for making several kinds of toilet
soaps will be found useful, but of course an intelligent soap-
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maker may use them as guides, and concoct a recipe of his.
own, using any particular perfume his fancy may direct and
any colour he likes. The recipes are adapted for soaps to
be made by remelting, as described in the last section.

Brown Windsor Soap.

Tallow soap 75 1b.

Cozonut oil soap . 25 ,,

Palm oil soap 25 ,,

Oleic acid soap . 25 ,,

Oil of thyme 2 oz.

Oil of cassia 2,

Oil of lavender . 2, o
Bismarck brown . 3, .

If a darker shade be required it is best to add a little new blue. \

Tallow soap .
Oil of almonds .
0il of neroli
Benzoin

Tallow soap

Coconut oil soap

Oil of bergamot .

Oil of rose geranium .
Oil of caraway .

Oil of citronelle .

Oil of lavender .

Tallow soap .
Santal oil .

Bergamot oil

Tallow soap
Palm oil soap
Bergamot oil

0il of lemon

Tallow soap .

Cooonut oil soap .
Oil of bitter almonds .
Citronelle . . .

Bougquet Svap.

Heliotrope Sovap.

40 1b.
1 oz.
2
8

”

”

* ” ‘
Santal Soap.
. . . 25 1b. o
. . . . . 1,, oo
5 oz. ’

Citron Soap.
. . . . 161b.
4,
. . . . 1 oz.
” f.—
Almond Soap. Dt
. . . . . . 751,
25 ,,
12 oz..
2

. .

ild
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Brown Windsor Soap.

Tallow soap . . . . . . . . 501b.
Coconut oil soap . . . . . . . 25,
Palm oil soap . . . . . . . . 2,
Oil of cinnamon . . . . . . . . 4 oz.
0il of cloves . . . . . . . . 2,
Oil of caraway . . . . . . .. 1,
Oil of sassafras . . . . . . . . 2,
Oil of bergamot 4,
Bismarck brown . . . . . . . 8,
Honey Soap.
Tallow soap . . . . . . . . T51b.
Palm oil soap . . . . . . . . 25,
Oil of verbena . . . . . . . . 6 oz.
Oil of lemon grass . . . . . . . 6,

Another formula is:—

Tallow soap . . . . . . . . 501b.
Palm oil soap . . . . . . . . 25,
Olive oil soap . . . . . . . . 25,
Oil of verbena . . . . . . . . 6 oz.
Oil of bergamot . . . . . . . . 6,
Oilof citronelle . . . . . . . . 5,,
Tincture of musk . . . . . . . 3.

These will be found sufticient recipes, but others will be
presently given under another head which the soap-maker
may utilise for this process if he thinks fit.

Toilet Soaps by the Cold Process—The cold process may
be employed for making some of the cheaper grades of toilet
soaps. The details of this process will be found described in
another place; here will be given simply some formule
which may be used. It may be pointed out that it is not
every perfume which may be employed, on account of the
presence of alkali in the materials during the process of
manufacture. Still, the soap-maker may use a large number
of formule and produce a great variety of toilet soaps by the

cold process.
White Windsor Soap.
Coconut oil . . . . . . . . . 501b.
‘White tallow . . . . . . . . &0,
Caustic soda lye at 70° Tw. . . . . . 50,
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Stir the fats which have been previously melted together with the alkali ;
when well mixed add the perfumes as follows : —

Oil of caraway . . . . . 6 oz.
Oil of lavender . . . . . .4,
Oil of thyme . . . . . . 2%,,

Brown Windsor Soap.'

Coconut oil . . . . . . . . . 45 1b.
Tallow. . . . . . . . . . 45
Palm oil . . . . . . . . . 10 ,,
Caustic soda lye at 70° Tw . . . . . . 50 ,,
QOil of lavender . . . . . . . . 2%oz

0Oil of cassia. . . . . . . . . 6,
Qil of caraway . . . . . . . .1y,
Oil of neroli . . . . . . . R I
Bismarck brown. . . . 3 ,
Violet Soap.
Coconut oil . . . . . . . . 40 1b.
Tallow . . . . . . . ..1,
Caustic soda lye at 70° Tw. . . . . . 25 ,,
Dried orange peel . . . . . . .1y,
Violet root . . . . . . . . . 2%,
Tincture of musk . . I . . . 1% oz
Oil of bergamot . . . . . . . .1, 7
Oil of citron . . . . . . . .1,
Oil of cassia . . . . . . . .13,
Oil of neroli . . . . . . . N
Peru balsam . . . . . . . R
Tolu balsam . . . . . . . A
Another formula is :—
Coconut oil. . . . . . . . . 40 1b.
Tallow . . . . . . . . . 10 ,,
Caustic soda lye at 70° Tw. . . . . .25,
Qil of lavender . . . . . . . . 1oz
Oil of bergamot . . . . . . . .2,
Oil of cassia . . 1,,
Tincture of benzoin . . . . . . .2,
Balsam of Peru . . . . 1,,
Almond Soap.

Coconut oil. . . . . . . . . 401b,
Tallow . . . . . . . . .60,
Caustic soda lye. . . . . . . . 50 ,,
Mirbane . . . . . . . . . 3

Oil of bergamot . . . . . . . ok
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Rose Soap.
Coconut oil . . . ..
Caustic soda lye at 70° Tw
0il of rose geranium . . . . . .

Oil of bergamot . P . . . . .
Tincture of musk . . . . . . .
Eosine . . . . . .

Glycerine Soap.

Coconut oil . . .
Caustic soda lye at 70° Tw
Glycerine . . . .

Oil of rase geranium . . . . .
0Oil of sassafras . . . . . . . .
Oil of thyme . . . . . . . .

Another formula for glycerine soap is:—

Coconut oil . . . .
Palm oil .° .
Caustic soda lye a.t 70° Tw.

Glycerine . .
Orange peel

Violet root .

Caramel

0il of lavender .

0il of bergamot .

0il of cassia

0il of sassafras . S
Lemon Svap.
Coconut oil
Tallow . . .
Caustic soda lye a.t 70° Tw
Qil of lemon
0il of bergamot .
Oil of lemon grass
Qil of cloves . . .
Honey Soap.
Coconut oil. . . . . . . . .
Tallow . . . . . . . . .
Palm oil . . .
0il of citronelle . . . . . . . .
0il of bergamot . . . . . . . .
Oil of caraway . . . . .

Caustic soda lye at 70° Tw . . . .

50 1b.
50 ,,

13 »
! ”»
’,n

48 1b.
2 ”

‘"

1 ”
7 oz.
1§ .,
! ”
* ”
.

50 Ib.

50 ”

w ”
L

5 oz.

28 .

50 1b.
40 ,,
10 ,,

*"

”

(=
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Bouquet Soap.

Coconut oil . . . . . . . . . 501b.
Tallow. . . . . . . . . 40 ,,
Bleached palm onl . . . . . . . 10 ,,
0il of bergamot . . . . . . . . 120z
Oil of sassafras . . . . . . . . 4,
Oil of cloves . . . . . . . . 4,
Oil of thyme . . . . . . . 4,
Oil of neroli . . . . . . 2,
Caaustic soda lye at 70° Tw .+« « . . 50lb.
Orange Soap.
Coconut oil . . . . . . . . . 501b.
Tallow . . . . . . . . . . 25,
Palmoil . . . . . . . . 25,
Oil of orange peel . . . . . . . 12 oz.
Qil of cinnamon . - . . . . .1,
Oil of thyme . . . . . . . 2y,
Caustic sods lye at 70° Tw . . . 501b.

If it be desired to produce coloured soaps by the cold
process, the soap-maker will find a wide range of the coal
tar colours open to him. Eosine will give him a variety of
tints from the faintest blush rose to a deep pink. Acid
green may be used for green tints, acid blue for blue tints,
acid violet for lavender to violet shades, Bismarck brown for
browns, acid yellow for yellow. With these by combining
them together a variety of pleasing effects may be obtained.
(See farther on as to colouring soaps.)

Milled Toilet Soaps.—We may now proceed to consider
in some detail the production of toilet soaps by a process of
comparatively modern origin, but which promises in the
future to almost, if not quite, entirely replace the older
methods of preparing toilet soaps. The milling system had
its origin in France, where more attention has been paid to
toilet soaps than in any other country; from there it has
gradually spread to other countries. It is to the credit of
the French that the best machines for carrying out the
milling system are of French invention.

There is no question of the superiority of milled soaps

Sl R - LoroRem
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over other soaps. Weight for weight they are of more value,
because they contain less water, while it is an acknowledged
fact that the reworking to which the soaps are subjected
improves their quality. Then again, milled soaps are usually
prepared from the best materials, as it is hardly worth while
to put the extra work and expense involved in milling into
asoap made from crude materials. Milled soaps are superior
to other soaps in use on account of the fact that their small
proportion of water and their dense texture cause them to
waste away less rapidly than ordinary soap. The appear-
ance, too, of milled soap is much superior to a toilet soap
made by other processes.

The process of milling is a merely mechanical one to
which a well-boiled soap is subjected, and it is carried out in
special machinery, which has been previously described in
the chapter on Soap Machinery (see p. 211). We shall
not repeat these descriptions here, but simply speak of the
process itself, pointing out its special features, and emphasis-
ing the points which require attention from the soap-maker.

The principal machines employed in the milling of toilet
soaps are, according to the order in which they are used: (1)
Cutting machine, (2) drying machine, (3) crushing mill with
four granite rollers, (4) continuous squeezing machine, or, as
it is sometimes known, the plodding machine, (5) steam-
stamping process.

The soap which is to be treated is first cut into strips by
means of the cutting machine, from which they are trans-
ferred to the drying machine. The degree of fineness of
. cutting the soap has some influence on the speed of drying
it, fine chips drying quicker than coarse chips. In some
cases the drying machine is so constructed that this pre-
liminary cutting can be dispensed with, and the soap dealt
with as it comes from the soap-kettles. This is done in the
case of using the continuous automatic drying machine ; the
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soap paste, drawn from a soap-pan, is fed into the hopper of
a mill at one end of the machine with two or three cylinders
and receivers, one or two millings, according to the number
of cylinders, and at last falls in extremely thin shavings into
the chamber which forms the real drying machine; the
shavings are received on endless linen bands which are
so arranged that they are one over the other and occupy
the full width of the chamber. These linen bands are
put into motion and are arranged so that the soap falls
at one end on the topmost band of the machine, and is
carried along to the other end, whence it drops on the next
linen band; this in turn passes it to the third one, and
so on until it comes to the last one, or the lowest, which
carries the soap out of the apparatus. In the lower part
of the drying machine is a hot-air stove which is prefer-
ably heated by steam. The stove is furnished with ap-
paratus for drawing the heated air at a temperature of about
60° C. through the chamber. This hot air meets ihe soap
shavings as they travel on the bands, gets saturated with the
moisture they contain, and then escapes through the top of
the apparatus by the ventilator, while the soap, dried to the
desired extent, passes out at the bottom of the drving stove.
This stove which dries the soap paste in an automatic and
continuous manner, securing a good profit to the soap-maker
who uses it, has an area about 45 feet square and can be
manipulated by one workman and one assistant; it gives s
yield of more than one ton of dried soap. The motive powe
required is about two horse power, and the expense for heat-
ing is small.

Making Coloured Soaps—All colouring matters which are
proof against heat—mineral colours among others—can be
mixed with the liquid soap when it comes out of the boiler,
but when soft and delicate shades of fine soaps are wanted,
shades that can only be got from delicate colours, it is better
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to incorporate the colour after the soap shavings have been
dried, and in the crushing mill.

Regarding the incorporation of perfumes into the soap in
a liquid state, as is necessary with the remelted soaps, this
method is faulty. First of all the soap paste is heated to a
temperature of 100° C., which effects a change in the perfumes,
and secondly a considerable portion of the latter is wasted by
evaporation during the treatment in the drying stove; the
perfumes are better added to the soap in either the crushing
or the plodding mill.

To ensure the most perfect working of the succeeding
machines it is essential that the drying of the stock soap
should be done to a proper degree. The soap must not be too
dry or too damp ; if the latter, then the soap works pasty in
the crushing or plodding machines, while if too dry, then a
soap of good texture cannot be made. Generally the dried
soap should contain from 10 to 15 per cent. of water. It will
be found that in this respect much will depend on the make of
the mill ; some work best with a dry soap, while others require
a soap with a moderate amount of water left in.

The crushing machines, resting on a cast-iron frame in one
piece, are composed of granite rollers of progressive diameter,
two of which lie underneath horizontally, the other two being
placed above them, the former supporting the latter. The
dried soap with any perfume and the colouring matter is fed
into the hopper of the crushing mill which has {wo compart-
ments, and is passed out from the lower ones and carried
round by the cylinders. These by revolving at different
velocities cause the soap to undergo a real progressive milling,
carrying it from the bottom to the top and passing it into the
upper part of the hopper, from whence it undergoes the same
process until the soap is entirely milled and perfectly amalga-
mated with the perfumes and the colour. The triple crushing
caused by the passage through the four cylinders requires only
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five minutes for about 66 1b. It can be repeated two or
three times, as may be required, the soap not leaving the
crushing mill until a perfectly homogeneous mass is obtained.

The pressure between the rollers may be increased as the
soap passes through the mill so as to increase the efficiency
and turn out a better soap.

The plodding mill is made so that the soap is forced at a
considerable pressure through a narrow opening, whereby it
is made very dense in texture, while the friction which takes
place between the soap and a mouthpiece imparts a gloss to
the soap which gives it a fine appearance. By varying the
form of the nozzle from which the soap flows the bar of
soap may be made of any desired form ready to cut up into
cakes.

Continuous working of the plodder, with the friction which
occurs as the soap passes through the mouthpiece, tends to
the heating of the latter. This is rather detrimental to the
working of the mill. This trouble is avoided by keeping the
mouthpiece cool by running cold water round it in a jacket
provided for the purpose, or if this is absent, by allowing the
mill to rest at intervals to cool down.

The work of the squeezing machine, or plodding machine,
i8 to collect the material prepared by the crushing mill, to
press it into a solid mass, and bring it out in uniform, com-
pressed, and glossy bars.

The heating of the mouthpiece, especially in the extreme
end of the nozzle, is good, as it increases the gloss of the
soap. Toomuch heat will, however, cause the soap to become
too soft to take a polish, and the surface tends to become
streaky. In any case, it is advisable that the first portions
of the soap which come from the machine be returned to it,
a8 these are not sufficiently compressed and are then liable
to crack.

If the soap goes into the plodder too dry, then it is
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wanting in pliancy. This may be remedied by adding a
little glycerine or fresh stock soap.

After coming from the plodder the bar of soap is cut up
into cakes, and these are then passed on to the stamping
press for the final stamping.

Having described the process of milling soaps, we may
now give some recipes for producing them.

Bougquet Soap.

White soap . . . . . . . . 100 Ib.
Oil of bergamot . . . . . . . 6 oz.
Lavender water . . . . . . . 1,
0Oil of rose geranium . . . . . 1,,
0il of caraway . . . . . . . 1,,
Citronelle . . . . . . . . . 1,
Brown Windsor Soap.
Tallow soap . . . . . 75 1b.
Coconut oil soap . . . . 25 ,,
Palm oil soap . . 25 ,,
Oleic acid soap . 25 ,,
Oil of thyme 2 oz.
Oil of cassia 2,
Lavender . . 2,
Bergamot 2,
Bismarck brown 8,
Santal_Soap.
Tallow soap . 100 1b.
Santal oil . . . 5 ,,
0il of bergamot . . 1%,
Citron Soap.
Tallow soap . . . . 100 1b.
Palmsoap . . . 25 ,,
0il of bergamot . 6 os.
0il of lemon . 6,
Qil of citron . . 4,
Almond Soap.
Tallow soap . . 100 1b.
Palm oil soap . .. 2,
Mirbane . . . 8,

Bergamot . .

ln
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Tallow soap .
Palm oil soap .
0il of lavender

0Oil of bergamot

.

Tincture of benzoin .

Palm oil soap .
Tallow soap
Citronelle

0il of sassafras
0il of caraway .

Tallow soap
Coconut oil soap
Oil of geranium
0il of rose
Eosine

Oil of cinnamon
0Oil of bergamot
0Oil of cloves

Palm oil soap .
Tallow soap

Oil of orange
Oil of neroli.
0Oil of rose

Tallow soap
Coconut oil soap
Oil of bergamot
0il of lavender
Qil of cloves

0il of nutmeg .
Tincture of musk

Tallow oil soap
Palm oil soap .
Coconut oil soap
Oil of caraway .
Oil of bergamot
Oil of lavender
0il of thyme

Oil of cloves .

.

Orange-flower Soap.

Violet Soap.

.

Millefleur Soap.

Shaving Soap.

. « T51b.

75 1b.
25 ”
2 oz.
li ”»
i ”»
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Elder-flower Soap.
Tallow soap . . . . . .
Palm oil soap . . . . .
Coconut oil soap . . .
0il of bergamot . . .
Oil of lavender .
Oil of caraway . . .
Oil of peppermint .
Oil of thyme . . . . . .
White Windsor Soap.
Tallow soap . . . . .
Coconut oil soap . . .« . .
Oil of cassia . . . . . .

Qil of lavender . . . . .

0il of caraway . . . . .
Ess.-bouquet Soap.

White soap . . . . .

Palm oil soap . . . . . .

Lanolin . . . . . .
Farina . 5 . . . . .
Powdered orris root . .

Musk

Neroli oil .

Geranium oil .
Palma rosa oil

Citronelle

Bergamot oil . . .
Musk Soap.

White soap

Palm oil soap .

Powdered orris root

Musk

Cassia oil .

Lavender oil . . . . . .
Bergamot oil

Citronelle . . .

Vermilion

Soap brown . . .
Flower Soap.

White soap . . . .

Palm oil soap.

Lanolin . . . . . . .
Farina . .

Powdered orris root . . . . .
Powdered catechu

Musk

50 1b.
25
25 ”
2 ”»
* ”»
i ”»
tn

2 oz.

80 1b.
m ”
13,

1* ”»
50 1b.

50"
4"

2 oz.
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Rosewood oil 2
Citronelle. . . . . P . 2
Lavenderoil . . . . . . . . 2,
Peru balsam 2
Palma rosa oil . 2
Geranium oil . . . . . . 2
Bergamot oil . . . . . . . . 2,
Coumarin . & ”

These few recipes, which have been selected fromn a large
number, will perhaps be sufficient to show the lines on which
the soap-maker can work in making milled soaps ; further the
recipes which have already been given for other kinds of
toilet soaps may be consulted with advantage.

The stock soaps which are used in making milled soaps
should be of good quality, made from fresh and pure fats and
oils, well boiled with good caustic so as to be thoroughly
saponified. Rancid and discoloured fats and oils should not
be used, such tend to rob the perfumes used in making the
soap of much of their aroma and delicacy—a thing which is
to be avoided. The condition that the fat or oil should be
thoroughly saponified has an important bearing on the keep-
ing qualities of the soap. Any unsaponified fat or oil will
soon cause the soap to become rancid, thereby spoiling the
perfume. A defect of this kind cannot be remedied entirely
by the milling process, although there is no doubt that the
process completes the saponification of asoap. The soap too
must be free from any lye, and too much care cannot be
exercised in settling it.

A stock soap to be good in condition for milling should
not be too short in texture, and when fresh made ought to
adhere together when worked between the fingers.

Tallow makes a good stock soap for milling. Both un-
bleached and bleached palm oil yield excellent soap for this
purpose, although it is important to see that the oil is not
rancid and has the agreeable violet-like odour of fresh palm
oil to perfection. Coconut oil also makes a good soap; great
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care ought to be taken with it to see that it is thoroughly
saponified. Cottonseed oil does not make a good stock soap
for milling. Castor oil yields a fair soap; other fats and oils
are not admissible for various reasons. 4

Milled soaps may be coloured to any required degree, the
best results being obtained by using coal-tar colours. There
18 such a variety of them that every imaginable tint can be
obtained with their aid; while being easily soluble in soap,
.they do not in any way affect the brightness of that article;
further, being soluble, they can be more easily mixed with
the soap to get a more uniform diffusion of the colour
throughout the soap mass; whereas, with the old mineral
colourings, there was always a tendency on the part of the
colouring madterials to separate from the soap and settle down
in the frame in which the soap cools down.

It is not every colouring matter that is available for tint-
. ing soap. There are some that are more or less affected or
altered in colour by alkalies such, for instance, as Prussian
blue, chrome yellow, Alkali blue, Magenta ; soap being usu-
ally slightly alkaline, such products cannot be used for
colouring it with advantage.

The coal-tar colours are used in a very simple manner.
The colouring matter is dissolved in water, or in a few cases
a mixture of water and alcohol; the solution should be
filtered, and then it is poured into the melted soap paste and
thoroughly crutched in. The quantity required is very small
—3% to § oz will colour 1 cwt. of soap in some strong tints.
In a few instances a little caustic soda may be added to the
colour solution.

For yellows there may be used Fluoresceine yellow, Soap
vellow, Quinoline yellow (of which there are two kinds—one
soluble in water, the other in spirit), and Metanil yellow.
The following recipes will give some idea of the quantities to
be used. Each is for 1 cwt. of soap. '
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Sulphur Yellow—Use } oz. Fluoresceine yellow dissolved
in 5 oz. boiling water, or } oz. Quinoline yellow (spirit
soluble) dissolved in 5 oz. methylated spirit.

Lemon Yellow—Use 1} oz. Fluoresceine yellow dissolved
in 5 oz. boiling water. When used for tinting transparent
soap, this yellow shows a fine green fluorescence or bloom.

Yellow.—Use 1 oz. Soap yellow dissolved in } pint boiling
water, or 1 oz. Metanil yellow dissolved in } pint boiling
water. Both these yellows give good results in colouring
80apSs.

Red Colours—There may be used all the range of Eosine
and Erythrosine dyes, which give bright pinks; the Rhoda-
mines, which also give bluish pinks to reds; Ponceaus and
Scarlets for roses ; Cardinal red for reds.

Bright Rose—Use 1% oz. Brilliant rose dissolved in } pint
boiling water. By using 3} oz. a deep shade of rose can be
got; 13 oz. Rhodamine B dissolved in } pint water gives a
fine rose.

Bluish Pink.—Use } oz. Bluish pink N, or } oz. Safranine
prima dissolved in 3 oz. boiling water.

Deep Pink—Use 1 oz. Erythrosine B in 5 oz. water.

Red.—Use 2 oz. Cardinal red B dissolved in-} pint boil-
ing water, or 2 oz. Ponceau 2 R dissolved in 4 pint boiling
water.

Salmon.—Use } oz. Mandarine G extra dissolved in 5 oz.
boiling water. Another shade can be got by using the same
quantity of Chrysoidine dissolved in water.

Sea Green—Use 2 oz. Fast light green dissolved in } pint

-boiling water.

Pea Green—A fine shade is got from } oz. Fast light
green and } oz. Fluoresceine yellow dissolved in } pint boiling
water.

Orange—Use 2 oz. Brilliant orange G dissolved in } pint
boiling water.
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Dark Brown.—Use 5 oz. Soap brown 8 dissolved in 1 pint
boiling water.

Blue—Use 2 oz. Methylene blue 2 B dissolved in } pint
boiling water.

Violet.—Use 1 oz. Formyl violet S 4 B dissolved in } pint
boiling water.

Chestnut Brown.—Use 1 oz. Soudan brown dissolved in
} pint spirit.

By mixing these different colours together a variety of
tints can be obtained. It is impossible, however, to particu-
larly describe them on paper. Thus, by using a mixture of
Safranine and Quinoline yellow, a fine bright scarlet rose is
obtainable ; a mixture of Safranine and Methylene blue will
produce violet and lilac shades; Methylene blue and Quino-
line yellow greens of various tones; Methylene blue and
Chrysoidine bronze green to olive shades, and so on. The
soap-maker by experimenting can soon become expert in
mixing colours.

It may be pointed out that some of the coal-tar colours
change on being mixed with the hot soap paste; thus the
Fosines and Rhodamines may turn yellow, or some of the
yellows go brown, but on cooling the original colour comes
back.

The mineral colours used for tinting soaps are as follows :—

Cadmium yellow for yellow soaps; } 1b. will colour 1 cwt.
of soap a good yellow.

Caramel or burnt sugar is a fine colouring agent for
making brown soaps; } lb. will colour 1 cwt. of soap.

Ochres have been used in colouring soap yellow ; only the
best and strongest in staining powers—the so-called gold
ochre—should be used for this purpose. Ultramarine green
i8 suitable for colouring soap green, giving with } lb. of the
pigment a good sea green to 1 cwt. of soap.

Vermilion is useful for making rose-coloured soaps, but it
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is rather heavy, and therefore tends to settle out unless well
crutched in and the soap quickly cooled.

Chrome green is very suitable for colouring soaps green ;
it has a fine colour and readily mixes with the soap, and is
quite permanent.

Umbers are used for making brown soaps; } to } lb. per
cent. is usually sufficient.

Ultramarine is used for making blue mottled soaps; % lb.
will colour 1 cwt. of soap.

TRANSPARENT SOAPS.

The manufacture of transparent soaps is very largely
carried on both in this country and abroad, such transparent
toilet soaps being great favourites with a large number of
persons. It is by no means easy to make transparent soaps;
it requires a good deal of practice and experience to enable
a soap-maker to turn out a perfect product.

In making transparent soaps there are a few points which
“require attention ; first in regard to the oils and fats used.

There are some which adapt themselves better than
others to the production of transparent soaps. Castor oil in
particular gives rise more readily to transparent soaps than
any other oil, perhaps next comes coconut oil, then the vari-
ous liquid oils. Solid fats, like tallow and palm oil, are most
difficult to transform into transparent soaps, and they should
be sparingly used.

The great bulk of the transparent soaps, especially the
better qualities, are made with alcohol or methylated spirits,
the use of which of course adds to the cost. of production.
There are perhaps two reasons for the use of spirit; the first
is, to obtain a perfect transparent soap the saponification of
the fats must be complete. As every soap-maker knows, the
more perfect a fat is saponified the more transparent it is;
the alcohol promotes this saponification and so helps to
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bring about transparency of the soap. Then again, alcohol
is a more perfect solvent for soap than water, and by its
means a clear, transparent solution is obtained, which on
evaporation of the spirit leaves the soap behind as a trans-
parent mass.

The addition of glycerine promotes transparency, but it
has to be used with care, or otherwise a pasty, sticky soap is

obtained which is not at all satisfactory.

Sugar is often added to transparent soaps, as it increases.
their transparency.

Generally these soaps are coloured, usually red, the best
colouring matter which can be used for this purpose being
Safranine, of which a half to one pound is required per hun-
dredweight of soap, according to the depth of tint required.
For yellow, what is known as Butter yellow or Soap yellow
is used. (See Colouring Toilet Soaps, p. 282.)

Any kind of perfume to the fancy of the maker may be

cmployed.

Each maker has possibly his own method of working:
those described below will be found very useful.

Transparent Soap by Cold Process—Take 50 1b. of stearic
acid, 110 lb. of coconut oil and 40 1b. of castor oil, heat these
together until they are melted, then stir in 100 1b. of caustic
soda lye made from the best quality of solid caustic soda,
this lye having a strength of 70° Tw. (1350 specific gravity).
The lye is well mixed with the oils, and the mixture allowed
to stand for a few days.

Next the soap so made is mixed with 120 lb. methylated
spirit, the mixture being heated until a clear transparent liquid
is obtained.

For the purpose of saving alcohol it is best to conduct
this operation in a still connected with a condenser, so that
the alcohol or spirit which is volatilised during the operation
can be recovered and used for another batch of soap ; generally
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about two-thirds of the spirit may be thus recovered. Dur-
ing this treatment the saponification of the fats is completed.

‘When a transparent mass is obtained there is added to suge~.3

the soap about 40 lb. of crystal sugar made into_a_syrup weA'w!
with 4 gallons of water and 40 lb. of glycerine.
The mass, when all the ingredients have been incorpor-
ated, is ready to be framed; when set it is cut up into
tablets ; these are placed for some time in a cool dark room,
during which time the alcohol gradually passes away, the
soap hardens, and the transparency becomes more perfect.

Transparent Soap by Boiling.—The process described
above is necessarily a slow one, and many soap-makers
would like to have a quicker method. Then the following
process may be adopted, the materials used being the same
both in kind and quantity.

The oils are melted together at a gentle heat, then the
caustic soda lye and the spirit are mixed together and added
to the oils after stirring well to ensure thorough admixture ;
the mass is kept at a gentle heat until the saponification is
complete and 8 transpa.rent mass is obtained ; this may take
from three to four hours. Then the other ingredients are
added and the soap finished as before. Colour and perfume
may be added as may be deemed necessary.

The use of glycerine is not absolutely necessary to the
production of transparent soap ; the following formula shows
the materials required for a transparent soap without
glycerine :—

Transparent Soap.

Tallow or stearic acid . . . . . . 60 1b.
Coconut oil . . . . . . . . 50 ,,
Castor oil . . . . . . 40 ,,
Caustic soda lye at 70° Tw . . . . . 75 .
Methylated spirit . . . . . . . 50 ,,
Crystal sugar . . . . . . . 20 ,,

Water . . . . . . . . . 20 ,,
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The fats are melted, then treated with the alkali, the
whole being kept at about 180° F. until the soap is properly
formed, when the alcohol is added, then the other ingredi-
ents, together with any colouring matter and perfume that
are required, when the soap may be finished in the usual
manner.

There is just one point that is important in preparing
these soaps by heat, and that is, the temperature must not
be allowed to be too high, or all the spirit will be volatilised,
which is not desirable, for then a transparent soap cannot
be obtained. '

Transparent Soap without Alcohol.

Provide the following materials :—

Tallow . . . . . . . . . 48 1b.
Coconut oil . . . . . . . . 40 ,,
Castor oil . . . . . . 60 ,,
Caustic soda lye, 70° Tw . . . . . 74 ,,
Crystal sugar . . . . . . 86 ,,
Water . . . . . . . . . 86 ,,
Glycerine . . . . . . . . 6 ,,
Soda crystals . . . 10,,

Melt the fats, mix with the caustic a.lkall, allow to stand
for twenty-four hours, then boil for three or four hours to
complete the saponification, when a clear transparent mass
is obtained, the heat is withdrawn, and the soap is allowed
to stand for an hour or so until it has a temperature of
about 170° F., and is more or less of a jelly in appearance.
There are now added with a brisk agitation the glycerine and
‘the sugar made into_a syrup with the water, then the soda
crystals, then any perfume and colouring matter, after which
it is allowed to stand until cold. Exercising all ordinary
care a transparent soap will be readily obtained, of a sufh-
ciently good quality for the cheaper classes of these soaps.

By using a rather larger proportion of sugar, transparent
soap may be made without either alcohol or glycerine ac-
cording to the following formula :—
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Tallow . . . . . . . . . 54 1b.
Coconut oil . . . . . .44,
Castor oil . . . . . . . 54 ,,
Caustic soda lye, 70° Tw. . . . 84 ,,
Crystal sugar. . . . . . . . 48 ,,
Water . 26 ,,

W ;»rked- as d.escrii)ed n.bove..

It will be sufficient to add that in all processes of making
transparent soap without alcohol and glycerine, care must
be taken that the saponification of the fats is complete

before going on with the finishing processes.
—ReotherpTen ol mWing Teamaparent soups is often
‘adopted in many works. A good ordinary sort of soap pre-
pared properly from good tallow or other oils, best with
high grade caustic, is taken, dried and shaved. It is then
put into a pan with sufficient alcohol or methylated spirit
to dissolve it. The pan may be heated, but the temperature
should not be allowed to get too high; from 130° to 160° F.
will be found sufficient. The solution is best effected in a
still fitted with a condenser as described above, so as to save
as much of the alcohol as possiblee. When all is dissolved,
the solution is allowed to stand to allow any insoluble
matters, such as salt, carbonate of soda, and sulphate of soda,
to settle out. The clear portion is then transferred to a
still, where three-fourths of the spirit is distilled off and
condensed again for further use. The residual soap is
transferred to the frames, coloured and scented if needful,
allowed to cool, then cut up into tablets, which are then
kept in a warm room to set. At first the tablet is not trans-
parent, but gradually becomes so as the excess of alcohol
and water evaporates.

C. INDUSTRIAL S0APS.

In many trades soap is largely used for the performance
of certain operations. The silk manufacturer uses soap

to free the raw silk from the guminy matter it naturally
19
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contains; the woollen manufacturer finds soap the best
thing to use for extracting the dirt and grease from the wool
prior to spinning it; the calico printer uses soap for clearing
his printed cloths from the thickening he uses and for
brightening the colours. To supply the users for the pur-
poses indicated large quantities are annually made.

Generally industrial soaps are not made with the same
care as ordinary domestic or household soaps. In many
cases the element of price enters into the question of what
materials are used and the degree of attention paid to the
process of making. The desire on the part of some users
for cheapness often leads to many of the grades of these
soaps being made from very poor materials. In the follow-
ing sections we shall indicate those soaps which are most
used in manufacturing operations and the best materials to
make them from.

Wool Soaps.—Soap is a very useful agent in the manu-
facture of wool into cloth. The first thing done with the raw
wool as it comes into the woollen manufacturer’s hands is
to extract from it the grease and dirt it contains. It has
been found that washing in soap liquors, or in & mixture of
soap and soda, is one of the best ways of effecting this
operation. The process is known as wool scouring. A
rather poor grade of soap is generally used, colour and
quality not being of much importance. Bone fat, low grade
tallows, cheap palm oils, and oleic acid are used largely.
These soaps are always made by the boiling process and
are saltcd and framed at once while hot. The following
mixtures are much used :—

1 cwt. bone tallow, 4 cwt. cotton oil, 3 cwt. oleic acid.
14 cwt. low tallow, 3 cwt. palm oil.
13 cwt. bone tallow, § cwt. cotton oil.

A slight excess of alkali does not matter—in fact is rather

beneficial to the scouring qualities of the soap—but too great
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an excess must be avoided, as it tends to render the wool
difficult to bleach in the subsequent operations through which
it is passed. Generally these soaps are made to contain 62
to 64 per cent. of fatty matters, 29 to 30 per cent. of water, 6}
to 7 per cent. of combined alkali, with about } per cent. each
of free fat and free alkali. They should not contain more
than one per cent. of the latter ingredient.

The best soaps for this purpose are soft soaps made with
potash. They are, however, more expensive than the hard
soda soaps, and hence are not made to any extent. Potash
soaps leave the wool much softer in feel and more silky in
appearance, while they have not the yellowing tendency
of soda soaps. It has also greater scouring properties.
The same oils and fats are used as in making soda soaps.
A good potash soap will contain 50 to 52 per cent. of
water, 43 to 44 per cent. of fatty matter, 5 to 6 per cent.
of combined alkali, and } to § per cent. of free alkali and
free fat. :

The soap liquors from the raw wool scouring operation
are usually collected and treated with acid or other substance
to separate out the fatty matter they contain, which is sold
under the name of Yorkshire grease.

After being scoured it is necessary, for the purpose of
facilitating the spinning and weaving of the wool, to oil it;
this is done with various kinds of oil, both fatty and mineral.
After being spun and woven, it is needful to extract this oil
out of the wool before it can be subjected to the process of
dyeing and finishing. This can be done by treatment with
a soap, usually the same kind of soap as was employed in the
original scouring operation. It is however desirable that
a slightly better quality should be used, so that nothing it
might contain may .interfere with the process of dyeing.
The soap which is most used for this purpose is one made
from a mixture of equal parts of bone tallow and cottonseed
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oil ; another favourite soap is made from palm oil and cotton
oil. The latter is really the better of the two for the purpose,
for the soap made from the bone tallow is liable to contain lime
compounds which, if they are left in the cloth, have a tendency
to affect the dyeing by forming colour lakes with the dyes,
and thereby causing poor shades and dull colours to be
obtained. Soaps made from recovered greases are very un-
satisfactory for this purpose, as they often contain small
quantities of unsaponifiable matter which, getting on the
cloth, form grease spots and prevent the dye from going on
the cloth properly.

‘We may remark that, from a strictly scientific point of
view, the method of extracting oil from wool by means of
soap i8 not the most correct.

After being dyed the woollen cloth has often to undergo
the operation known as milling or fulling, the object of
which is to cause the felting together of the fibres and to
produce a thicker and fuller cloth, more impervious to the
weather and therefore more suitable for making clothes. It
is found that this milling is best done in the presence of a
soap liquor; in this case the soap has no actual chemical
work to do. Milling soaps must, however, be of good quality
and well made ; they should not contain any free alkali, as
this has a tendency to act upon the dye, causing it to run or
bleed, and sometimes it would alter the shade; therefore a
milling soap must be well settled and fitted. The soap ought
not to contain any free fat, as this would settle on the cloth
and form grease spots. The soap should lather freely and be
soluble in water. The best materials to use, therefore, will be
olive, palm nut, cotton and similar oils. A tallow soap is
not sufficiently soluble, nor is a palm oil soap. A good
mixture is 50 parts of olive oil, 40 parts of cotton oil, and
10 parts of palmnut oil, thoroughly saponifying the oils and
settling well.
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A potash soap, if it could be made quite neutral, would
be the best, but a sufficient degree of neutrality cannot be
obtained in the potash soap without difficulty.

Calico Printer's Soap.—The calico printer makes great
use of soap in his works, although the writer has an idea
that it is not necessary in all cases. To enable him to print
on calico, the calico printer has to mix the various colouring
matters and mordants, with gum, dextrine, starch and similar
bodies, to thicken them and prevent the colour running when
printing on the cloth. The thickening material has subse-
quently to be removed, and a soap bath has been found to be
a convenient and simple means of doing this. In some cases
the soap has a further effect in entering into combination
with some of the colours, and by so doing making these
much brighter.

A calico printer's soap must have the following features :
it should be fairly soluble in water and ought to be quite
neutral in its reactions, for if it contained any free alkali it
might act upon some of the colours and change their tint.
The utmost amount of free alkali which is permissible in a
calico printer's soap is 0'2 per cent. It should not leave, or
have any tendency to leave, any objectionable odour behind it.
It is found by experience that the two best materials to make
such a soap from are palm oil and olive oil. The use of
rosin is not permissible, as rosin soaps are found to react
too alkaline for this purpose; a tallow soap is apt to con-
tract an odour, and is scarcely soluble enough. A little
tallow may, however, be used in conjunction with the other
oils.

Coconut oil, although it makes a very soluble soap, has
been found to be rather objectionable, on account of the risk
-of imparting an odour to the goods, and this statement also
applies to castor oil.

The best calico printers never object to pay a good price
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for their soap, and they find it to be in the end the most
economical course to pursue. Some of the smaller printers
are, however, tempted to buy cheap grades of soap, which
cannot be produced unless low grades of fat be used or by
employing rosin.

In-making a calico 'printer's soap, great care must be
taken in getting it neutral. This can only be done by care-
ful and complete saponification in the first instance, and
thoroughly fitting the soap afterwards, so as to eliminate all
the alkali possible.

The best soap is made from bleached palm oil, while many
printers prefer an olive oil soap. These soaps are usually
made to contain 64 to 65 per cent. of fatty matter.

An analysis of a good make of calico printer’s soap made
by the writer gave the following figures :—

Fat . . . . . . . . 648 per cent.
Free alkali . . . . . . . 01 "
Combined alkali . . . . . . 62 "
Free fat . . . . . . . none

Water . . . . 294 "

Silk Soap—1In the boiling-off of silk to free it from the
gummy matter it naturally contains, a strong soap bath,
using as much as 20 to 25 per cent. of the weight of the silk,
is employed. The soap used for this purpose should be well
made, fairly soluble in water, and not too alkaline in char-
acter. Alkalinity in this soap is not of so much importance
as in calico printer’s soap; still, it should not be too strong,
and the amount of free alkali ought not to exceed 04 per
cent. The solubility is of much importance, inasmuch as
then a strong and yet liquid soap bath can be got; on this
account olive oil is found to be the best material to make
silk soap of. Coconut oil would make a good soap for this
reason, but it is open to two defects: it is not easy to make
a neutral soap from it, and, further, there is the objection to
the rancid smell it is liable to leave behind it.
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Another feature which makes it needful to have a soluble
soap is that it is necessary thoroughly to wash the soap out
of the silk after it has been boiled in it.

For a silk soap, olive oil is the best. Ground-nut oil may
also be used with good results; a little bleached palm oil may
be added. The soap ought to be well made, the prmclpa.l
point being to leave little or no fat.

Another way in which the soap is employed in the silk in-
dustry is in dyeing, much of this being done in a bath of
soap, & method which seems to the writer to be a relic from
other days, and might be abandoned. There is no peculi-
arity about the soap which is used for this purpose; a good
olive oil soap works best—the only point is to avoid the
presence of free fat, and have a good soluble soap.

D. SPECIAL SoAPS.

‘We may now turn our attention to the production of a
class of soaps made for special purposes, or, perhaps, in some
cases supposed to be made for some special purpose. These
soaps are rather numerous and are sold under a variety of
fancy names, and often at equally fancy prices which leave a
good margin of profit for the maker.

Medicated Soaps.—A large number of soaps are made
which are supposed to be of medicinal value. That some
of them are there is no doubt, but whether others have
any such value at all is rather an open question. The pro-
cess of manufacture of these soaps is very simple. First of all
there is made an ordinary soap stock in the usual way, and
into this is worked by means of the crutcher, or by the
milling process (the latter plan, perhaps, giving the best re-
sults) the special substance which gives value to the soap.
Makers will, of course, differ in the character of the soap
stock which they will use for what is normally the same
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soap, but this is a small point which is of very little mc-
ment.

Carbolic Soaps.—Of all the various kinds of medicated
soaps, those containing carbolic acid, or, as the chemist calls
it, phenol, are perhaps the most important, for they are made
in large quantities and are used for common household pur-
poses. For making carbolic soaps almost any good soap
stock may be used, bnt this is usually varied according to the
quality or grade of the soap. Thus, the lowest grades of car-
bolic soaps are made from the nigres of pale soaps mixed
with fresh soap stock. The best grades of these soaps are
made from good pale soaps of tallow, bleached palm oil, and
rosin. As carbolic acid has a slight acid reaction, it is a good
plan to leave the soap stock slightly alkaline, for, if quite
neutral, the acid may cut the soap while being mixed. The
usual quantity of carbolic acid is 10 per cent. Occasionally
soaps are made containing 5 per cent. This is the minimum
quantity which should be added, or the medicinal value of the
soap will be reduced to nil.

For pale carbolic soaps the best crystal acid should be
used. DBefore adding to the soap this mayv be mixed with a
small quantity of water to make it liquid. For the com-
moner class of carbolic soaps, which usually are of a dark
brown colour, the crude carbolic acid may be used. The
process is simple. The soap stock is made in the ordinary
way, and, after being run off and fitted if required, the car-
bolic acid is crutched in in the crutcher, adding it little by
little.  After the crutching the soap is framed and allowed to
set, after which it may be cut up into bars and stamped in
the usual way.

Naphthol Soup.—Another disinfectant soap which is
sometimes made is naphthol soap. This is made by crutch-
ing 10 Ib. of naphthol into 1 cwt. of a good soap and finishing
as usual. In place of naphthol, naphthalene may be used.
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The makers of special disinfectants, e.g., Germol, Sanitas,
Izal, etc., produce them by mixing their products with
ordinary soaps in the manner described above.

Sulphur Soap.—A soap containing sulphur is largely used
for washing dogs, and also for treating various forms of skin
disease. These soaps are very simply made; a good white
soap made from tallow and coconut oil is employed, and
into it while melted, after it has been fitted, are stirred flowers
of sulphur, 10 to 20 lb. to 1 cwt. of soap, a little perfume
being added to improve the odour of the soap.

Tar Soap.—A black-coloured tar soap is made and used
in fairly large quantities. Either coal-tar, or still better,
wood-tar, may be used for it. The latter has rather more
medicinal value, and is free from some of the objectionable
features of coal-tar. An ordinary soap stock is taken—if
slightly alkaline there is no objection —and the tar, in
the proportion of about 10 per cent, sometimes a smaller
quantity, is crutched in. Wood creosote is also used in
making similar soaps, the amount usually added being 5
per cent.

Mercurial Soap.—This is sometimes prepared for treating
dogs and other animnals, and for preserving skins in taxidermy.
It contains corrosive sublimate. One drachm of the latter
compound is dissolved in a mortar with 1 oz. of rectified
spirit, and 4 oz. of a good soap, cut up into fine shavings,
are added. The whole is then incorporated by careful
grinding.

Arsenical Soap is also frequently used for washing dogs,
cats, and other animals, and in preserving skins. A good
formula for. making this is to mix in a mortar 4 oz. white
soap, 1 oz. white arsenic, 1 oz. soda crystals, and } oz. cam-
phor, grinding the whole together, adding a little water to
facilitate the ease of working until a smooth mass is ob-
tained.



298 SOAP MANUFACTURE.

Tooth Soap.—Tooth soaps are made by taking a well-
made and neutral tallow soap, and adding to it, while in
a molten condition, finely sifted pumice powder, prepared
chalk and starch. The following quantities may be taken
as a guide: 20 lb. of soap, 1 lb. of pumice powder, 2 lb. of
chalk, and % 1b. of starch.

Sand Soaps.—Of late years a class of soap has come
largely into use for the purpose of cleaning and polishing
metals. They are manufactured by many makers and sent
out under a great variety of fancy names. We may, how-
ever, include them all here under the name of sand soap.
They consist of a soap made in the ordinary way which has
"been incorporated with fine sand, finely-powdered pumice
stone, kieselguhr and similar bodies; the soap is taken while
in a melted state, and it should not be too dry. The mineral
ingredients are then ground in, to the extent that the fancy
of the soap-maker may direct, after which the soap paste is
put into moulds and pressed, to consolidate it and form a
firm block of soap. :

The following formule will serve to show of what mate-
rials such soaps may be made :—

1. Tallow soap . . . . . . . . 201)b.
Fine sand . . . . . . . . . 80,
2. Palm oil soap . . . . R . . 2,
Fine'sand . . . . . . . . 40 ,.
Ground pumice . . . . . . . . 40 ,,
3. Tallow soap . . . . . . . . 10 ,,
Coconut oil soap . . . . . . . 15,
Fine pumice . . . . . . . . 40 ,,
Kieselguhr . . . . . . . . 8
4. Tallow soap . . . . . . . .15
Palm oil soap . . . . . . . . 10 .,
Red oxide . . . . . . . . 5.,
Ground pumice . . . . . . . . 50,,
Fuller's earth . . . . . . .25,

Shaving Soaps.—Shaving soaps are required to produce
a good and persistent lather which, when placed on the face,
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will remain without drying up. At the same time the soap
must not have any action on the skin, however tender that
may be. To make such a soap a considerable amount of
care is required. The;best fats that can be used are tallow
and coconut oil, and it is advisable to use both soda and
potash in their preparation, as better lathering soaps are
then obtained. Shaving soaps can be made either by the
ordinary boiling processjor by the cold process. In some
makes of shaving soap a little gum tragacanth has been
added to promote permanence of the lathering qualities.
Very little of the’ gum is required, about 21b. to 1} or 2 cwt.
of soap, and it may be added at any convenient point in the
process of making.

The following formulse may be followed in making these
soaps :—
Cold-process Sharing Soap.

1. Tallow . . . . 100 1b.
Coconut oil . . . . . . . . 124,
Soda lye at 72° Tw. . . . . . . . 50 ,,
Potash lye at 72° Tw. . . . . . . 6

2. Tallow . . . . . . . . . 88 ,
Lard. . . . . . ., . . 1%,
Coconut oil . . . . . . . . 25,
Soda lye at 71° Tw. . . . . . . . 55 ,,
Potash lye at 60° Tw. . . . . . .15,

3. Tallow . . . . . . . . . 100 ,,
Coconut oil . . . . . . . . 2 ,,
Soda lye at 71° Tw. . . . . . . . 52,
Potash lye at 60° Tw. . . . . . 8 ,,

These soaps may be scented in any way that the maker
may approve, and the recipes previously given for scenting
toilet soaps may be followed as a guide.

Boiled Shaving Svap.—In making such soap considerable
care must be taken to ensure neutrality. If potash be em-
ployed along with the soda, as given in the cold process
above, then the soap cannot be salted out. Just enough
lye should be taken to ensure the soap being made nearly,
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if not quite, neutral, the soap well boiled so as to free it
from excess of water, and then an excess of alkali is killed
by the addition of a little stearic acid or coconut oil. The
recipes just given may be followed as to the fats employed.

Emollient Soaps—These are toilet soaps to which is
added such bodies as lanolin, vaseline, spermaceti in about
5 to 10 per cent. of the weight of the soap.

Cold-water Soaps.—These are soaps for which it is claimed
that they will yield a copious lather with cold water. They
are made chiefly from coconut oil or palmnut oil, and are
filled with soda crystals. They contain a large proportion of
water, 30 to 40 per cent., and they are very wasteful in use.

Antimonial Soap.—Take 1 oz. antimony orange and dis-
solve in 3 oz. caustic potash lye, then mix with 12 oz. white
tallow soap to a smooth paste.

Tannin Soap.—97 lb. good white soap and 3 lb. tannic
acid.

Saliacyl Soap—98 1b. good white soap and 2 Ib. salicylic
acid.

Thymol Soap.—9I7 Ib. good white soap and 3 Ib. thymol.

Benzoic Soap.—98 1b. good white soap and 2 Ib. benzoic
acid.

Floating Toilet Soap.—The stock soap is remelted and
then strongly stirred with an agitator ; by this means the
soap becomes charged with air bubbles and therefore more
or less spongy in texture; it is now framed, cut into bars,
dried, which makes it rather lighter, cut into tablets and
stamped.

Skin Soups.—Soaps mixed with bran, oatmeal, cornflour,
have been sold under the name of skin soaps.

Liquid Glycerine Soap.—Melt together 274 Ib. pale oleic
acid, 66 Ib. coconut oil, 228 Ib. caustic potash lye, 60° Tw.,
then add, boil up, and when saponified add 20 Ib. glycerine
and enough methylated spirit to make the liquid clear.
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Fuller's Earth Soap. —70 1b. soap and 30 lb. fuller’s earth.
The fuller's earth is thoroughly dried before adding to the
soap, and the latter should not contain less than 25 to 30 per
cent. water.

Borax Soap.—90 lb. good soap and 10 Ib. borax.

Superfatted Soaps.—Soaps made by the milling process
are often sold as *‘superfatted” ; they have added to them
small quantities of lanolin, refined wool fat, lard, etc.

The main advantage of such soaps lies in that they are
more agreeable to use by persons with tender skins, a fact
due to the absence of free alkali.

Todine Soap.—98 1b. neutral white soap and 2 lb. iodine.
This should be made fresh as required as it does not keep,
the iodine gradually acting on and combining with the alkali
of the soap, thereby losing.its medicinal virtues.

Farrier's Soap—A soft soap made from fish oil, caustic
potash and wood-tar.

SOFT SOAP.

Soft soap is & very important article in the soap trade; in
some districts it is very extensively manufactured, while in
others it is made in comparatively small quantities. Soft
goap is an amber-coloured to reddish-brown material of
the consistency of butter. It is much more soluble in water
than the ordinary hard soap, and usually rather more alkaline
in its nature. Its detergent and scouring properties are,
therefore, greater.

The alkali of soft soap is potash, although a little soda
is also occasionally used in conjunction therewith: a soft
soap cannot be made with soda only, in the same way as
hard soaps cannot be made with potash. Soft soaps owe
their consistency to the fact of the greater solubility and
hygroscopicity of potash soaps.

Soft soaps are much more simply made than hard soaps.
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The fats and oils are boiled with the alkali till the saponifica-
tion is complete, and then the soap is made, and only wants
to be run into firkins or tin canisters to be ready for sale.
Simple, however, as it is in principle, soft soap is by no means
easy to make. It isliable sometimes to go wrong in the boil-
ing, and then there is much difficulty in setting it right.
The aim of the soft-soap maker should be to produce a clear,
transparent soap, pale in colour, fairly free from odour, not
too alkaline in character, and in some cases * figging ** well.
Figging in soft soap is a peculiar appearance—streaks of
white usually found to strike inwards from the sides of the
vessel holding the soap. Figging is usually considered to
indicate a good quality of soft soap, but such is not really
the case. A first-class soft soap can be made which will not
fig, while on the other hand a poor soap can be produced
which will fig. The figging is usually ascribed to the pres-
ence in the soap of stearate of soda, which crystallises out
on the soap becoming cold, the crystals which are thereby
formed giving rise to the figging. Figging is mostly met
with in winter time. Unless the proportion of soda and
stearic acid in the soap is very large it does not occur in
summer time.

The oils chiefly employed in making soft soaps are lin-
seed oil, whale oil and cottonseed oil. These form the basis
of all soft soaps. Linseed oil is the one chiefly used, as it
saponifies easily and gives a good pale-coloured, transparent
soap, of a good consistency, fairly free from odour, and which
keeps well. Whale or other fish oils are largely used, being
cheap. They however commonly produce dark-coloured
though clear soaps, but much depends on the quality of
the oil which is used. Fish oil soaps have a fishy odour,
which is not altogether objectionable. Cottonseed oil makes
a fairly good soft soap, pale in colour and transparent, fig-
ging well, which is not the case with the other two oils
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that have been named. Cotton oil soaps are liable, however,
to acquire a rancid odour on keeping. The quality of the
cottonseed oil has a material influence on the quality of
the soap. The best refined oils produce pale-coloured,
transparent soap; the commoner grades are apt to give
darker-coloured soaps, which owing to the large proportion
of stearin they contain are apt to fig strongly. Tallow is
occasionally added in making soft soaps, to cause them to
fig. Olive oil soft soap is made for special purposes, such
as silk washing, etc., but olive oil, owing to its cost, is
not commonly added to soft soaps. Sometimes nut oil is
added.

‘When white soft soaps are required, as is sometimes the
case for special purposes in the cotton trade, such must be
made from good white tallow, coconut oil, and perhaps
a small quantity of lard or other fat, and particular atten-
tion must be paid to the quality of caustic soda used,
which should be of a good white colour.

The caustic potash used in making soft soap was at one
time prepared by the soap-maker for his use, by causticising
pearlash (carbonate of potash) with quicklime. Now, how-
ever, it is the custom for the smaller makers to purchase it
ready prepared from the alkali-maker in iron drums. The
method of making caustic potash has already been described
in the chapter on alkalies (page 36), and need not be repeated
here. When bought ready made, it is advisable to make an
examination of it to see that it is up to full strength, of good
colour, fairly free from carbonate, and does not contain
much, if any, oxide of iron. Many of the lower grades of
caustic potash which are produced are defective in one or
other of these points.

It is advisable that the soap-maker should prepare at
least two potash lyes of different strengths—one of 14° Tw.,
the other of 25° Tw. Some makers provide lyes of three
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strengths, 14° Tw., 23° Tw. and 38° Tw. Much of course
depends on the construction of the soap boiler in which the
soft soap is being made. If the boiler be one which is
heated by fire only, then a weallye of 14° Tw. may be used
with advantage, while if the boiler is fitted for steam heat-
ing, with open or closed coils, then stronger lyes may be
used, say 23° Tw. and 30° Tw. Because in the first case as
the boiling proceeds the lyes get stronger, while when work-
ing with the open steam thé tendency is for them to get
weaker. It is, however, by far the best plan to make the soap
in pans fitted with open and close steam coils.

In making soft soap, only about one half of the full
charge of oil is run into the pan. By means of the closed
steam coil or fire it is heated up, then a quantity of lye at
14° Tw., equal in volume to the oil, is run in, and open
steam sent in. Run the lye in slowly, while the mixing of
the lye and oil is carefully watched. Presently the oil will
begin to saponify, then it must be well stirred, for it will
begin to swell and rise in the pan. As soon as this is seen
more lye, equal to the first quantity in volume, may be run
in and the boiling continued. Two things may take place
in the carly stage of soap-making: the oil and lye may boil
over, or it may set into a stiff, pasty mass, In either case
trouble mag'—be looked for. The remedy in the first case is
to turn off steam and beat down the bubbling soap with
the paddle; that in the second case consists in adding more
lye, in boiling up, stirring well and breaking up the mass as
much as possible, but the process becomes tedious, because
it is difticult to break up the masses of soap, and they are
not easily dissolved in the boiling soap in which they float.
These troubles will be avoided if a quantity of finished soap
be left in the pan from a preceding operation.

When the oil and Ive have amalgamated, then the rest
of the charge of oil may be run in and the further quantity
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of alkali at 32° Tw. may be added. It may be mentioned
here that as a rule 100 Ib. of oil require 200 lb. of caustic
potash lye at 32° Tw. to saponify, so that the soap-maker
may base his calculations as to the quantity of alkali re-
quired on these data. '

The soap is now boiled, either by fire heat or the closed
steam coil. Generally it is not needful to stir it, the boiling
keeps it in continual agitation; it is a good plan now and
again to send a sharp current of open steam through it or to
stir it up with an iron paddle, taking special note of any
hard lumps of soap that may settle down at the bottom of
the pan.

After a time the saponification of the oil will be com-
plete and the soap formed. To ascertain this, take out a
sample of the soap with a spatula, and place it on a piece
of glass and allow it to cool, when one of three things will
be observed : —

1. The soap may be clear and translucent: this in-
dicates that the soap is properly formed and only needs
boiling down to the proper strength.

2. The spot of cold soap has a fatty border. In this
case more lye is required, and the soap-boiler should add
some of either 23°, or even as strong as 35° Tw., and boil
up a little longer, when another sample may be drawn to see
how the soap is progressing.

3. The spot of soap is of a grey colour, lustreless and
somewhat granular in appearance. In this case too much
lye has been added, and to remedy this a quantity of oil
which has been mixed with a little weak lve should be
added, and the soap boiled up further. The experienced
soap-maker can tell by the manner of the soap boiling how
it is progressing and whether it wants morc lye or oil.  The
boiling should go on quietly, frec from any juinping or bump-

ing. The boiling down is carricd on until a sample taken
20)
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out and cooled on a glass plate shows the proper consistency
and brightness of appearance.

Some makers add a little carbonate of potash, which pro-
motes the production of the brightness, but too much must
not be added, or the soap will become thin, and a white-
ness will form on it. Too much lye induces the same de-
fect. A little experience coupled with the habit of careful
observation will soon enable the soap-maker to tell when he
has got his boiling of soft soap quite right.

When finished the soft soap is run into the firkins or
other packages to cool, when it is ready for sale.

Linseed oil yields a soap of a dark amber colour, with a
pleasant odour.

‘Whale oil yields a dark reddish soap, varying somewhat
in colour according to the quality of the soap used, but al-
ways having a fishy smell. Other fish oils may be used with
a similar result.

Cottonseed oil yields a soap varying from a golden to an
amber colour, according to the degree of refinement of the
oil. Freshly made cotton-oil soaps are free from odour, but
on being kept are rather apt to become rancid and develop
an odour.

Olive oil yields a fine soap varying from amber to greenish
in hue.

Hempseed oil gives a green-coloured soap.

Coconut oil gives a fine white soap.

Tallow gives a stiff soap, apt to fig somewhat.

The colour of the finished soap much depends on the care
and attention given to the soap during the process of making,
and also on the manner of heating the soap pan. There 18
no doubt but that a fire-heated pan produces a darker soap
than a steam-heated pan, therefore the latter form of pan is
to be preferred. Light-coloured soaps are preferred by con-
sumers to dark-coloured soaps, and command a readier sale.
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The following mixtures of oils may be used :—
A. Whale oil
Linseed oil
B. Linseed oil
Cottonseed oil .

1 ton.
2
2
1
C. Cottonseed oil . . . . . . . . 2 ,,
1
1
1
1

”

Linseed oil . . . . . . . .

D. Cotton oil
Whale oil

Linseed oil . . . . . .

These will yield soaps which will not fig much, the two
last having this property much more fully developed than the
first two. If soaps are required which will fig, then the fol-

lowing oils may be used :—

E. Palm oil . . . . . . . . , 24 tons,
Tallow . . . . . . . . , 3,
Linseed oil . . . . . . . . 1

F. Palm oil . . . . . . . . . 8%
Linseed oil . . . . . . . . 13

G. Cotton oil . . . . . . . . 2
Tallow . . , . . . . . . 3 .
Linseed oil . . . . . . . . ) .

H. Tallow . . . . . . . . . 21 cwt.
Palm oil . . . . . . . . . 2
Linseed o0il . . . . . . . 14 tons.
Cotton oil . . . . . . . . 7 cwt.

Many other mixtures may be used.

I. Coconut oil . . . . . . . . 1 ton,
Tallow P
Lard 3.

This will yield a soft white soap.

Sometimes figging is brought about by using a little soda
along with the potash, as, for instance, in the following recipe :
1000 1b. of oil are boiled with 535 lb. caustic potash lye at
32° Tw., to start the saponification. Then there are added
150 1b. potash lye at 42° Tw., and 470 lb. caustic soda lye at

32° Tw.
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The finished soft soap is usually from 2} to 2} times the
weight of the oil used.

Good soft soap should contain 42'5 per cent. of fat, with
10 per cent. of potash and 475 per cent. of water; some
samples have as low as 40 per cent. of fat, while others have
as much as 50 per cent.

By using any of the above recipes a pure soft soap is
made, but for the sake of cheapness and competition, some
samples are filled and made at a cheaper price by using such
materials as rosins, silicates of potash and soda, starch, Irish
moss, and caustic soda.

Rosin is a good cheapening agent for soft soaps owing to
its making a soap having good detergent properties. When
using rosin it is a good plan to saponify by itself and then
add it to the soap made from the other oils. Some makers
employ soda to convert the rosin into soap, in which case the
rosin is melted over water in a steam-jacketed pan, while in
another pan ordinary soda crystals are dissolved in a small
quantity of water. The proportions are 56 lb. of soda crys-
tals to 112 1b. of rosin. The soda liquor is added to the rosin
in small quantities at a time, waiting until all effervescence
ceases before adding each succeeding quantity of soda. After
all is added the soap is boiled up for a short time to finish
the saponification. 'When this is completed the soap is run
into the pan of soft soap.

Should the eolour of the finished soap be a matter of im-
portance, and as rosin of the usual run of grades produces
darkish-coloured soap, then an improvement may be effected
by adopting either of the following plans—using a better grade
of rosin, or purifving it by the following process. The rosin
1s saponified by soda, as described above, then the rosin soap
is salted out by the addition of ordinary salt and time allowed
for the soap to settle out. Then the lye is run off, and with
it a large proportion of the colouring matter of the rosin.
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The rosin soap thus purified may be added to the soft
80ap.
The proportion of rosin which may be added may be one-
seventh to one-tenth that of the other oils and fats used.
The following recipes may be followed in the ordinary

way i —

A. Linseed oil . . . . . . . . 400 1b.
Tallow . . . . . . . . . 185 ,,
Rosin . . . . . . . . . 50 ,.
Caustic potash lye, 32° Tw. . . . . . 740 ..
Caustic soda lye, 36° Tw. 40 ,,
Pearlash . . 25 .,

B. Linseed . . . . . . . . . 250 ,.
Cottonseed oil . . . . . . . . 250 ,,
Rosin . . . 50 ,,
Caustic potash lye, 32° Tw. 500 ,,
Caustic soda lye, 86° Tw. 145 ,,
Pearlash . 25 .,

The colour of a soft soap is a matter of importance as
regards its sale—the paler this is the more readily it sells.
‘When rosin is used there is a very considerable darkening of
the colour, even if the plan of purifying described above be
adopted. Even when pure oils are used it is difficult to keep
the colour pale, especially when fire heat is employed. Steam
heat is far preferable on this account. Too prolonged boiling
also leads to the darkening of the colour, and should be
avoided as much as possible.

Silicated Soft Soaps.—One of the best filling agents for
soft soap is silicate of potash. It has the advantages of
having body or consistency, is clear and transparent, has
some washing power, and, what is more, is easily used.
Silicate of potash is used by itself and also in conjunction
with farina. Some soap-makers add at the same time some
caustic potash, but this is not necessary.

The soap while still hot should be run into the crutcher
and allowed to cool down to about 180° F.; then the sili-
cate of potash, at the rate of 10 lb. to the firkin of soap, is
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run in and crutched into the soap. The quality of silicate
used is the ordinary neutral liquid at about 70° Tw.

Another plan is to take 2 cwt. of caustic potash lye at 38°
Tw., add to this sufficient carbonate of potash to bring the
gravity up to 4° Tw., then add this liquor to 10 cwt. of
silicate of potash, after which it is ready to mix with the
8oap.

If farina is used in conjunction with silicate for filling,
then 1 cwt. of farina is taken and stirred into 12 gallons of
carbonate of potash lye at 7° Tw., until a clear transparent
mucilage is obtained. This is added to the silicate of potash
(10 cwt.) and the mixture to the soft soap in the required
proportions, which will be at about the rate of 20 lb. to the
cwt. of soap.

Another method of filling soft soap, which is much on
the above lines, is to first crutch in silicate of potash at the
rate of 7 Ib. to the firkin, then to prepare a mixture of starch
and caustic soda lye, and crutch in 7 lb. per firkin of this
mixture. The starch preparation is made by taking caustic
soda lyve at 40° Tw., heating to about 150 or 160° F., then
adding farina in small quantities at a time, waiting until
each portion is dissolved before adding the next. The farina
is added until a mass of the consistency of soft soap is ob-
tained, when it is ready to use.

A writer in The 0il and Colour Trades Journal, 1895, p.
911, recommends a mixture of ordinary hard soap, silicate of
soda and Irish moss jelly. The soap may be the ordinary pale
soap, or better, one made from bone or other cheap fats, with-
out rosin. The silicate is the ordinary neutral silicate of soda
at 100° Tw. The Irish moss jelly is made in the following
manner : 27 lb. are steeped in cold water for half an hour, to
soften the material and wash away dirt and sand ; 65 gallons
of water are placed in a wooden tub and heated to the boil.
Then the cleaned moss is added and the whole boiled for half
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an hour, after which it is drained off, and to enable it to keep
for some time & small quantity of caustic potash lye may be
added. Irish moss jelly, unfortunately, does not keep any
length of time, or otherwise it might find very many more
uses than it does at present. One cwt. of the soap is sliced
and mixed with the jelly, then 1} cwt. of silicate of soda is
added and the mixture kept near the boil until all are
thoroughly incorporated, when the filling is ready for use,
and it may be added to the soft soap at the rate of 8 to 10
1b. to the firkin.

From time to time other filling agents are offered, but
generally prove unsatisfactory, and sooner or later make them-
selves manifest, often to the detriment of the soap-maker and
injury to his trade. The author’s experience shows that in
this, as in many other things, there is nothing like supplying
a genuine article to enable one to build up and maintain a
good trade.

DRY SOAPS, SOAP POWDERS.

Dry soaps, as they are called, have during the last few
years become an important branch of the soap industry.
They do not vary much in their composition, the greater
number of them being composed of ordinary soap and sodium
carbonate ; some are scented, others are not. Some makes,
sold under special names, contain other constituents which
are supposed to give some special value to the soap.

The process of manufacture is very simple, and its sim-
plicity has induced many persons to take up the manufacture
of dry soaps. Still, even though simple, some care must
needs be exercised to turn out a dry soap of good quality. A
first-rate dry soap should be in a fine powder, smooth, not
gritty to the feel, nor exhibiting any tendency to aggregate
together in lumps, nor staining the packing paper in any way.
It is considered a sine qua non of a good dry soap that it
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should lather freely. 'We may proceed to make a few obser-
vations as to the character of the materials which are used in
making dry soaps. '

The Soap.—This, the special ingredient in this class of
goods, should be present in fair proportion. One of the best
known makes contains from 18 to 20 per cent. of actual soap,
another has as much as 30 per cent., some get down as low
as 5 per cent., but such are dry soaps only in name and more
or less frauds on the public. A fair quantity to put in is
from 15 to 20 per cent. The soap ought to be well made
from good materials, as free as possible from free fat and
containing but a small proportion of water—15 per cent. is a
fair quantity, but more than 20 per cent. should be avoided.
The soap ought to be made from fats, which, like tallow,
palm oil or coconut oil, give hard soaps, while the addition
of a small quantity of such oils as cotton oil, linseed oil, rosin
or other oils, or stock soap, which give soft kinds of soap, is
not objectionable ; too much should not be used, as then the
soap becomes so soft that it does not grind easily and it be-
comes almost impossible to obtain a fine powder. A good
soap for this purpose is made from 40 lb. bleached palm oil,
40 1b. tallow, 10 Ib. cotton oil, and 10 Ib. coconut oil. Another
mixture is 40 Ib. palm oil, 40 1b. tallow, 10 lb. linseed oil, and
10 1b. coconut oil. This will give a yellower-coloured soap
than the last, the finished dry soap will be darker, and this is
sometimes objected to by customers. Another mixture is
40 Ib. bleached palm oil, 30 Ib. coconut oil, 20 Ib. tallow, 10
1b. linsced oil.  But the variety of mixtures of fat from which
the soap is made is great, and it will serve no good purpose
to enumerate them in detail.

Nodium Carbonate—This is used in the form of soda
crystals.  Occasionally, should the dry soap show signs of
becoming pasty during working, a small quantity in the form
of 58 per cent. alkali is often added. This appears to combine
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with the excess of moisture in the soap, to which the pasti-
ness is usually due, and make it work properly.

@Qlauber’s Salt.—This product, which is crystallised
sodium sulphate, is often added to dry soap in place of soda
crystals with the object of cheapening the cost of production,
and so be able to turn out an article at a lower price than the
best grade of dry soaps. Borax is occasionally added to dry
soaps, and is a very good material to add ; the only objection
to it is that it is expensive.

Phosphate of soda has been added to dry soaps, but the
writer sees no very material advantage in its addition. It is
a neutral salt, without any detergent properties, while it is
rather expensive.

Paraffin, in the form of wax or oil, is often added to dry
soaps. The quantity added is but small, rarely exceeding 2
per cent. and oftener not more than } per cent. of the dry
soap. It is generally conceded that paraffin increases the
washing properties of soap. Perfumes of various kinds are
often added, but the best known makes are not scented at all,
and such odour as they possess is due to the fats used in
making the soap.

Other bodies are sometimes added for various reasons to
dry soaps. Such will be mentioned later on ; the above form
as it were the basis of all dry soaps.

Every dry-soap maker has his own manner of working.
The general principle which underlies the great majority of
the processes is to grind the soap and salts together.  This
may be carried out either by means of the edge runner mill,
when the soda crystals or Glauber’s salt are first ground,
then the soap is thrown in and gradually worked in. With
this manner of working there is sometimes a tendency to a
pastiness if the soap be too soft. In such an event it may
be remedied by throwing in a small quantity of 58 per cent.
alkali.
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The difficulty is that the edge-runner does not grind fine
enough. A better plan is to use an edge-runner to mix
the ingredients, and grind in a devil disintegrator. This
is admirable for grinding dry soap and works better than
any other form of grinding mill, yielding a product of great
fineness, which is a very important feature in dry soap, and
should always be aimed at.

Another plan of working which is sometimes followed
is to melt the soda crystals by heating them in a pan.
The water they contain, as water of crystallisation, is suf-
ficient for this purpose, then add the requisite quantity of
soap cut up into fine shavings, stir well, and allow to cool,
and grind up in the usual way. There is, however, no advan-
tage in this process over the one described above.

Having described the materials used and the method of
making, some recipes may be given for making various dry
80aps.

Standard Dry Soap.—20 1b. good soap, 70 1b. soda crystals,
10 Ib. refined alkali.

Extra Dry Soap.—30 1b. soap, 60 lb. soda crystals, 10 Ib.
refined alkali.

Cheap Dry Soap.—15 lb. soap, 50 Ib. soda crystals, 5 Ib.
soda ash, 30 lb. Glauber’s salt.

Borax Dry Soap.—25 1b. soap, 60 lb. soda crystals, 5 Ib.
borax, 10 Ib. refined alkali. A better quality can be made
from 25 lb. soap, 10 Ib. refined alkali, 50 Ib. soda crystals,
15 Ib. borax.

Paragfin Dry Soap.—20 Ib. soap, 70 Ib. soda crystals, 8 1b.
refined alkali, and 2 1b. soft paraftin scale.

Oatmeal Dry Soap—15 Ib. soap, 70 Ib.soda crystals, 8 1b
refined alkali, and 7 Ib. oatmeal.

Perfume may be added to any extent and of any character
the soap-maker desires.

Disinfectant Dry Soup—Dry soap may be the means of
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applying disinfectants, which are simply added in the desired
quantities to the materials, as given in the above recipes. If
the disinfectant is one which is liquid in character, then it is
desirable to reduce the proportion of soda crystals, and in-
crease that of the refined alkali to keep the soap in the form
of refined powder, or some absorbent, like kieselguhr or
French chalk, may be added to the soap. Perhaps the latter
method has some advantage over the former plan.

It might perhaps be added that what is called washing
crystal is simply soda crystals ground up with a little soap,
about 3 per cent. Sometimes a little ultramarine blue is
added to the dry soap in order to take away any vellowish
tinge it might possess, and so make it appear whiter in colour.

A blue dry soap has been made which is nothing more
or less than ordinary dry soap, to which sufficient ultra-
marine has been added to give it a blue colour.

The following are a few analyses of dry soaps that are
now on the market :—

No.l. | No.2 ; No.8. | No.4. . No.5. |

Water . . . . . .! 5028 | 4785 5265 | 5217 ' 5916
Soap. . . . . . .i T69 | 1925 850 ' 2550 | 850
Soda as Na,CO, . . .! 4203 | 3290 3885 | 2233 3734 |

10000 | 10000 ' 10000 | 10000 10000

These are made with sodium carbonate.
The following are some made with Glauber's salt and
sodium carbonate :—

No.6. ' No.7. No. 8.

i Water . . . . . . | 5034  47TR5  58G5
Soap. . . . . . . 869 15386 ' 1078
Sodn a8 Na,CO; . . .| 2136 1548  12:32

| Sodium Sulphate . .l 1961 2181 2825
10000 10000 10000



CHAPTER VIIIL
GLYCERINE IN SOAP LYES.

‘WHEN an oil is saponified by boiling with caustic alkali,
glycerine is formed as one of the products of the reaction.
The proportion of glycerine yielded by the different oils varies
considerably ; thus the characteristic ingredient of butter fat,
butyrin, will yield as much as 30 per cent. of glycerine, while
brassin, the characteristic constituent of rape oil, will only
yield 87 per cent. of glycerine. The average percentage of
glycerine yielded by the oils and fats is about 10. Allen
gives the following table as to the yield of glycerine from the
various oils and fats:—

il Glycerine per cent.
Porpoise . . . . . . . . . 1109
Whale . . . . . . . . . 11-96
Menhaden . . . . . . . . 11'10
Lard . . . . . . . . . 10-83
Tallow . . . . . . . . . 99-10-0
Butter fat . . . . . . . . 1106
Olive . . . . . . . . . 10-1-11+4
Rape . . . . . . . . . 9-82
Sesame . . . . . . . . . 9-94
Cottonseed . . . . . . . . 9-50
Linseed . . . . . . . . . 9-39
Castor . . . . . . . . . 918
Coconut . . . . . . . . . 12:11
Palmnut . . . . . . . . . 1150
Palm . . . . . . . . . 971

This glycerine passes into the soap, and on the latter
being salted out in the soap-kettle, remains in the spent lyes.
Formerly it was thrown away, but of late years the demand
for glycerine has caused attention to be paid to processes for
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the recovery of the glycerine from the spent lyes, a sample of
which, examined by the author, had a specific gravity of
1-1548 (30°90 Tw.) and contained :—

8:50 per cent. glycerine.

7885 " water.
86 » caustic soda.

68 " sodium cabonate.
286 sodium sulphate.
1464 " sodium chloride.

Glycerine is a water-white, very viscid liquor, having a
specific gravity when pure of 1°2665 ; but it has such an
affinity for water that it is difficult to obtain absolutely
anhydrous glycerine, and the ordinary commercial glycerine
generally has a specific gravity of 1:260 to 1'263, and contains
a little water. It has a sweet taste, and was originally
known in consequence as the sweet spirit of oils, and in the
glycerine industry the crude material is known as the * sweet
water . With water it mixes in all proportions. The follow-
ing table showing the specific gravities and strengths of
various mixtures of these two liquids will be found useful :—

TABLE OF SPECIFIC GRAVITIES AND STRENGTHS OF AQUEOUS
SOLUTIONS OF GLYCERINE.

Specific gravity.  Per cent. of ' Specific gravity. Per cent. of
155, 15° &

glycerine. glycerine.
1-2650 100 1-1990 75
12626 99 1-1855 70
1:2600 98 ' 11715 65
1-2575 97 . 1-1570 60
12550 96 1-1430 55
1-2525 95 11290 50
1-2499 94 11155 45
1-2478 93 ' 1-1020 40
1-2447 92 i 1-0885 35
1-2421 91 1:0750 30
1-2895 9 | 10620 25
1-2341 88 ‘ 1-0490 20
1-2287 86 1-0365 15
1-22883 84 10240 10

1.2179 82 ‘ 1-0120 5
1-2125 80
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Glycerine is also soluble in alcohol, but only slightly so
in ether. A mixture of equal volumes of chloroform and
alcohol dissolves it, but it is insoluble in chloroform, benzene,
petroleum spirit and oils. It is a powerful solvent for salts,
etc., being nearly equal to water in this respect.

It is composed of carbon, hydrogen and oxygen in the
proportions indicated by the formula C;H O, ; in its relation-
ships it belongs to the alcohol group of organic compounds,
it has basic properties, and with the monobasic acids, such
as hydrochloric acid, oleic acid, stearic acid, it is capable of
forming compounds containing one, two or three equivalents
of the radicle hydroxyl, OH, and therefore having the formula

OH
C,H; } OH
!l OH
and is essentially the hydroxide of the radicle glyceryl

It may be mentioned that although by a looseness of
expression which is very common, glycerine is often spoken
of as the base of the oils and fats, vet glycerine as such does
not exist in the oils, but is formed during’ the various
processes of saponification by the combination of the real base
glyceryl, C,H,, with the radicle hydroxyl. The oils and fats
are salts of this basic radicle glyceryl. Heated with strong
sulphuric acid or with acid potassium sulphate it is dehydrated
and acrolein (acrylic aldehyde), C,H,COH, is evolved, recog-
nisable by its peculiar odour.

Nitric acid acts on it energetically, forming a variety of
products, nitro-glycerine, oxalic acid, glyceric acid, etc., being
formed according to the strength of the acid used, and the
manner in which the operation is carried out. Heated
with potassium permanganate in the presence .of caustic
potash, glvcerine is converted into oxalic acid and carbonic
acid, and as this reaction takes place in a definite manner,
it is taken advantage of for the quantitative estimation of

glycerine.
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When glycerine is heated with organic acids combination
takes place, and ethers are formed known as glycerine, and
these have the special termination tn, as acetin, olein, stearin
and palmitin, with the prefix mono, di or tri, to show how
many equivalents of the acid are combined with one equiva-
lent of the base. Chemists, to show the analogy between
glycerine and the alcohols, have given to it the systematic
name glycerol, but it has been thought better to use the
more familiar term glycerine in this chapter.

The first attempt to recover glvcerine from the used soap
Iyes was made in 1858 by Reynolds, whose process consisted
essentially in evaporation accompanied by distillation, and
since that time a great many processes have been devised.
Any process, to be successful, must depend to a large
extent upon the character of the soap lyes. It is largely
inflaenced by such factors as the quality of the alkali used
to make the caustic lyes, whether it be from high grade
caustic soda, low grade caustic soda, or by causticising soda
ash or black ash lyes. The character of the fats and rosins
will also have some effect on the method of extraction to be
adopted. Messrs. Thomas, Fuller and King's process, devised
in 1879, consists in first evaporating the lye so as to throw
as much of the salt out as possible; it is then boiled with a
little acid and the fatty matter which remains skimmed off,
after which the liquor is again evaporated. The salt which
comes out is collected, while the crude glycerine left behind
is subjected to distillation.

Young neutralises the used lyes with acid and boils down
by means of steam, filtering off any fatty matter that sepa-
rates out. Whitingis next added and the mixture evaporated
to a paste, which is then placed in a hydro-extractor; the
liquor containing the glycerine is collected and subjected to
distillation.

Pain adds acid to neutralise the lyes and separate any



320 SOAP MANUFACTURE.

fatty matter that may collect, then adds tannic acid to pre-
cipitate the albuminous and gelatinous matter ; this is filtered
off, the liquor evaporated down and then distilled. When
the caustic lyes used to saponify the fats are prepared from
black ash or crude soda ash they are very liable to produce
compounds such as cyanide compounds and sulphur com-
pounds, which have a material influence upon the method to
be adopted in recovering the glycerine.

Hagemann first adds lime and then a little rosin, and
boils to neutralise the caustic alkali which may be present in
the lyes. To the mixture is next added hydrochloric acid,
which separates out the rosin or fatty matters which may
be present ; then there is added ferric chloride, which precipi-
tates any cyanogen compounds in the form of Prussian blue;
these are filtered off. Air is now blown in for some time,
after which a small quantity of bleaching powder is added,
which precipitates most of the sulphur compounds in the
form of free sulphur, which is filtered off; next the liquor is
neutralised by the addition of soda and then evaporated down.

Messrs. Allen and Nicholl’s process consists essentially
in acidulating the spent lves with hydrochloric acid and then
adding copper sulphate, which causes the precipitation of the
sulphides, sulphocyanides and ferrocyvanides, together with
the fatty matter which may be present. The precipitate is
removed by filtration, soda is added to neutralise the free
acid and the liquor boiled down and distilled.

These are but a few of the processes which have been
patented for the purpose of separating glycerine from soap lyes.
The objects to be aimed at in any process which is to be com-
mercially successful, are the removal of all albuminous and
fatty matters which may be present in the lves; the removal
of the salt which is deposited in the process, and, thirdly,
the excrcise of economy in concentration and treatment.

The following method of extracting crude glycerine is in
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use. The lye is evaporated in an iron tank to a specific
gravity of 40° to 50° Tw.; this evaporation may be conducted
in shallow pans heated by a steam coil from another evapo-
rator, or by placing the pan over a flue leading from the
second boiling pan which will be referred to presently. After
the concentration the lye is run into a tank and then allowed
to cool, and any fatty or soapy matter which may separate
out is collected and sent back to thesoap pan. To the liquor
is next added a quantity of caustic soda at 70° Tw. This
causes the precipitation of the albuminous matter, which is
separated in any convenient way. To the liquor is next
added sufficient hydrochloric acid to make it neutral, when
it is sent into the boiling pan and boiled down.

Occasionally another plan is adopted for separating the
soapy and fatty matter that thc lye contains. A series of
four to eight tanks, either of iron, brickwork or stone, are
arranged one above the other, and from the highest to the
next there is an arrangement of syphon pipe so that the
lye can be run from the bottom of the top one to the one
below it, and a similar arrangement is adopted throughout
the whole series. The running off from the bottom of the
tanks permits of the collection on the surface of a fairly
large proportion of tha soapy and fatty matter which the Iye
contains; this is neutralised and sent back to the soap pan,
the lye being dealt with as described above.

One of the chief difficulties which are met with in pre-
paring crude glycerine is the fact that on boiling down, the
salt the lye contains crystallises out on the surface of the
boiling tanks and on the steamn coils which may be used for
the purpose of heating these pans; this leads to considerable
loss of heat owing to the non-conducting powers of the
salt. It becomes necessary to take steps to prevent this
crystallisation of the salt on to the kettle and steam coils

and various means to this end are adopted.
21
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Figure 59 is a sketch of a lye-boiling pan ; in this the pan,
as will be seen, is heated by fire, the arrangement of the flues
being such that the heating is principally done at the sides
of the pan. This pan is made conical and it is fitted with a
conical vessel having perforated sides. This is attached by
chains to the ground. The salt as it crystallises out falls
into this perforated vessel, which from time to time is lifted

- !

’ 3

F1i. 59.—Boiling Pan for Soap Lyes.

Y,

out and the salt emptied into a draining vessel, the liquer
which drains off frow it being put back into the boiling pan. .
The liquor is concentrated down until it reaches a boiling
point of 300° I., when it constitutes crude glycerine.

One of the most successful processes which have been
devised for the separation of crude glycerine is that of Messrs.
Thomas and Domeier, which is represented in figures 60 and
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61. The lye is first concentrated in either a coil, tank or a flue
boiling pan, from whence it is run into a tank. The concen-
tration of the liquid during the boiling has the effect of caus-
ing the precipitation of many impurities, fatty and otherwise,
which separate out on cooling in the tank. To the lye is then
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F1s. 60.—Glycerine Plant.
added 1 or 2 per cent. of hydrochloric acid, which causes
the decomposition of any soap that may be present, precipi-
tates any albuminous and fatty matter together with other
impurities, and these, on the lve being allowed to stand for
twenty-four hours, come up to the surface and are collected.
The liquor is next placed in a boiling pan and hoiled down,
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which may be done over a flue boiling pan, or by a conical
boiling pan heated directly by a series of steam coils: the
salt that crvstallises out is separated from time to time. In
this process, as will be seen, the steam which 1s generated
from the boiling vessel is used for the purpose of concen-
trating the lve in a coil boiling pan. This process mav be
varied to suit the character of the lves made at different
works.

The salt contains a large proportion of the Ive, and it is sent
into a trough and washed with brine, which removes a good
deal of the lye together with colouring matter, this brine
being sent into the tanks to be passed through the process;
the salt is thrown into the cage of a hydro-extractor, and then
a brine lye extracted from it. The salt is then sufliciently
pure to be used in salting out fresh batches of soap.

The crude glvcerine obtained in the above processes is
refined by a process of filtering through charcoal and distil-
ling in a vacuum still, but for the details of this the reader is
referred to chemical dictionaries.



CHAPTER IX.
LAYING OUT A SOAP FACTORY.

In the production of any article of manufacture there
always comes in the consideration of producing it at the
lowest possible cost. One has not only to consider the cost
of the materials employed in the production of the goods,
but—and there is much in this—other expenses connected
therewith, works, management and labour, office expenses,
rent, lighting, fuel, etc. While the cost of materials may not
vary from place to place, vet there might be such a difference
in the other expenses, that while one works may be making
a good profit. another may only be just paving expenses.
In the first case, probably, considerable attention has been
paid to the arrangement of the works and the fixing of the
machinery and plant; the cost of labour and fuel is low;
while there is also a Jarge output in relation to other expenses.
In the other case the works is probably an old one, and ex-
tended from time to time; in such cases the cost of labour
and fuel is apt to be high, while rent is high too. In one
works the labour is almost entirely confined to that which is
required to attend the machinery, and but little, and that the
minimumn, required in the handling of the raw and finished
products. This is brought about by a judicious planning of
the works and arrangement of the various machines, that
the materials travel from one to the other steadily and regu-
larly, without much labour attaching to the process. Inanother
case, probably, the inachines are scattered irregularly, and
there is much labour involved in transferring the materials
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from one machine to the other ; this labour costs money, and is
& most important item in the cost of production.

There is another item to be considered, and that is the
position of the works. In these days it is important to get
the materials to the works at the lowest possible cost, and
to send the finished products away with the least expense.
Therefore the situation of the works in regard to the point
of facilities for the delivery of its raw materials, fuel, etc., is
an important question, and requires careful consideration.
The best site for a works is one which will have facilities
for freight afforded by rail, canal or river and road. It should
be by the side of one of these means of transport; if close to
the rail it is an excellent position for sending away its
finished products, while possibly a canal or river presents
the best means for the delivery of the raw materials. If the
works is situated at some distance from either of these
means, then the expense of carting to and fro becomes very
great, and, unless there are other compensating advantages,
will tend to reduce the profits very materially.

There is also another point to consider, and that is the
question of water supply. The soap-maker uses a large
quantity of water, hence he must have a plentiful supply of
this article at, needless to say, the lowest possible cost. The
water should also be of good quality, the softer and freer from
lime and magnesia the better. At every soap-works there
ought to be a well from which the water may be pumped ;
this supply may, if the works be in a large town, be supple-
mented from the town supply. On the question of water
reference may be made to Chapter V. (pp. 170 et seq.).

In selecting a site for a soap-works there must also be
considered proximity to the sources of supply of fuel and
raw materials, which means cheap and low rates of freight
to the works, and also proximity to the markets of sale of the
finished article. These are questions of pro and con which
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can hardly be considered in a book like this, as circum-
stances will vary with every place. A London soap-works will
have to pay more for its fuel than a Manchester soap-works,
on account of its greater distance from the source of supply.
On the other hand, it is able to get its raw materials rather
cheaper, and it has a much larger market at hand for its
products.

In planning a soap-works many points have to be con-
sidered, and a variety of factors taken into account, which
influence, in a marked manner, the arrangement of the
various buildings and machinery ; so much so that an ar-
rangement which would be quite suitable and an economical
one for one place, would be quite unsuitable and costly to
work at another. It may be profitable to discuss some of
these factors before going farther. In the first place it is
advisable to consider the manner in which the fuel and raw
materials, etc., reach the works, whether by canal, rail, river
or road, either by one or all these ; the plans being drawn so
that the least possible labour is required in putting these into
position for use. Then thereis the question of sending away
the finished products, with a view of keeping down the labour
item of putting these on boats or on rail for despatching to
the various destinations.

Then comes the all-important question of the size and
shape of the ground on which the works is to be erected,
whether flat or sloping, rectangular or irregular in shape.
A flat site is better than a sloping site, and in some respects
a rectangular piece of ground is easier to plan out than an
irregular piece.

Next comes the very important subject of the output or
quantity of finished goods to be sent out at a given time.
Combined with this is also the question of the character of the
goods made, whether one kind of soap only or many kinds,
and the character and extent of the processes used. Thus it
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has to be decided whether the soap-maker shall make his
Ives from bought solid caustic, by causticising soda ash or
alkali, or by making the alkali outright from salt. Upon all
these depend the character and extent of the machinery to
be fitted up, and therefore the size of the buildings.

There is also another point. Soap has to be wrapped in
packets and packed into boxes and labelled. The question
arises. will the soap-maker undertake the production of all
printed matter and of the needful packing boxes? This is
done in many large works with considerable advantage as to
cost for these necessary items.

One principle in the arrangement of a works ought to be
carried out as far as possible, thatis to perform work in a
progressive manner, the goods travelling from machine to
machine in an orderly manner without too much handling
and without travelling backwards and forwards over the
same ground, or, in other words, the raw materials enter
into the works at one end and pass out at the other end in
the form of finished products.

Assuming that a works is to be built to turn out some
100 tons a week of various kinds of soaps, it may be fitted
up on the lines shown in figure 62, which is an outline plan
of the works. There are four blocks of buildings of two
storeys in height. The front block (D E) in the plan is
shown in sectional elevation in figure 63. This contains an
entrance gateway in the centre, through which goods are
received and are passed out. On the right side of the gate-
way i8 situated the time- or lodge-keeper’s office (E), with
weighing machine and small sundry and fittings store-room
behind, over these being the chemical laboratory and chemist’s
office, these being most important adjuncts to a soap factory.
On the left-hand side is placed the manager’s office (D) with
general offices over. The right-hand block (B) on figure 62
and 63 is the soap-boiling house ; this block consists practic-
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ally of two doors, as shown in B in figure 64; and in figure
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are shown which may be of any desired form, that shown in
figure 29 being a good one. These are supported on piliars as
shown, and may be surrounded by non-conducting composi-
tion to economise the heat as much as possible. These pans
are so placed that the floor of the second storey forms a con-
venient working platform for them. As shown in the plan
(figure 62) the pans are arranged along one®side and at the
ends. The other side of the building is in the lower
portion, arranged as a frame room and to hold the engines
and the crutchers. The frames are shown in figure 35, and
the crutchers in figure 55, made by Messrs. W. Neill &
. Son. On the second floor the space not filled with the pans
forms a very convenient store for the salt, which is kept on
the floor, wooden sides about a foot high keeping it within
bounds. Along one side of it runs a gallery on which are
placed the tanks (figure 26) for melting and storing the fats ;
the barrels containing the latter being run up inclined gang-
ways at either end of the gallery as shown in figure 64. The
gallery enables the fat tanks to be so placed that the melted
fats can be run into the soap pans direct. Should, however,
it be considered undesirable that the fats be melted in tanks
80 placed, but more on a level with the soap pans, then it
will be needful to either melt them in a blower such as figure
27, or to pump the melted fat from the tanks to the pans.
If convenience is desired for making small lots of soap, then
room may be found for a pan like that shown in figure 30,
which is a small steam jacketed pan made by Messrs. Dopp
& Sons, while if convenience is also needed for making soap
by the cold process, then room may also be found for a few
pans like that shown in figure 31. Above the soap pans
should be arranged shafting to drive any agitators which
may be fitted to the pans, or beaters such as shown in figure
32. Close to thisis a water tower, this tower also acting as
a house for the hoist and for the pump. On the top of the
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tower is placed a water tank, from which pipes are laid to
the steam boilers, soap pans, lve tanks and wherever the
water is wanted. This tank is kept filled from a well or
spring by means of a pump. As there will be a great deal
of condensed water formed in the steamm pipes attached to
the various soap pans, means ought to be taken to collect
this water and send it through the pump to the tower, while
it would be worth while to arrange that all the steam which
passes through the closed steam coils and jackets of the pans
be sent through condensers, and the condensed water so
formed also sent either to the tower or, preferably, to the
lye tanks, for, being pure. it is much to be preferred to well
or spring water for dissolving the alkalies.

A on the plan and in figure 63 is a block of two storeys on
the left-hand side of the works. In this building is carried
on the making of toilet soap, boxing, labelling and printing
on the top floor, while in the bottom floor is the box-making
machinery, and the packing and storing are also done here.
It is assumed that a works of this size will make its own
boxes and do its own printing as far as possible. Surround-
ing this block is an open yvard for the storing of timber, ete.
At the back of the works between the two buildings is placed
the block C. The lower floor of this is used as a frame
room, and in it are also placed the slabbing machines, figures
38 and 39, the soap-cutting machines such as shown in figures
41, 42 and 43. The first is a barring machine made by
Messrs. W. J. Fraser & Co., the second is a barring machine
made by Messrs. Neill & Son, while the third is a combined
barring and tablet-cutting machine made by a Continental
firm. Stamping is also done here by such machines as are
shown in figure 44.  On the top floor are placed the alkali
stores and the alkali tanks, figure 25. These may be placed
on a gallery at the end nearest the boiling house, in which
case the lye is run direct into the soap pans, or the tanks.
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may be placed on the floor, in which case pumps must not
be used to send the lye into the soap pans. The yard
contains two boiler rooms, one for the soap-boiling house,
the other to work the engine for driving the box-making
machinery, chimney, water-tank tower, hoists and glycerine
recovery house, while there is also room for the storage of
tanks if necessary.

It will be observed that the raw products are sent into the
boiling house B; from thence the soap which is made passes
into C to be cut up and stamped: then to A, where it iy
packed and warehoused ready to be sent away. The labour
of handling the goods is reduced to a minimum, while it is
possible to employ continuous mechanical conveyers to carry
the soap from place to place.

In figure 65 is given a plan of a smaller works, consisting
of two main blocks of buildings, one for the soap-boiling and
the other for the finishing operations. The genceral descrip-
tion given of the larger works more or less applies to this.
It has been planned, however, so that an enlargement could
be carried out if required at some future time: thus, a new
boiling house could be built by the side of the one shown,
having the boiler house between.

The plans are not intended to be put forward as finished
designs, but to indicate some of the general lines which may
be worked upon in the laying out of a soap factory. Obvi-
ously they must be altered at various times to suit local
circumstances, as was indicated above, while of course the
character of the soaps made, and therefore of the machinery
to be employed, must have some material influence upon the
carrying out of the details of arrangement of the plant.



CHAPTER X.

SOAP ANALYSIS.

Soap manufacturers often require to know the actual contents
of soap that any given sample of their own or of other makers’
preparation may contain. Occasionally they may desire to
know more particularly the constituents of a particular
sample of soap. Such information as is here alluded to,
necessitates for its supply a chemical analysis—more or less
fully—of the sample being made.

Soap, when pure, consists essentially of three substances,
fat, alkali and water, in a state of more or less intimate
union. Now as in any process of soap-making it is impos-
sible, or nearly so, to saponify completely all the fat which
is used, soap usually contains the fat in two conditions, i.e.,
free and combined, while the alkali may be present, partly
frec and partly combined with the fat. In the great majority
of cases it suftices to determine the above constituents to
ascertain the value of a soap.

In some cases a more elaborate analysis is required, and
other constituents, silicate of soda, salt and sulphate of soda
and other bodies which may have been added for various
reasons. Then again a soap-maker may desire to know the
nature of the fats used in making the sample.

A complete analysis of soap will take cognisance of the
following constituents :—

Free fat, Sodium sulphate,’
Combined fat, Sodium silicate,
Free alkali, Borax,

Combined alkali, Mineral fillings,
Water, (ilycerine,
Sodium carbonate, Sugar,

Sodium chloride, Medicinal constituents.
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Notwithstanding the great advance in the practice of
analytical chemistry as applied to oils, fats and products
prepared from them, still much remains to be done before
the analysis of soap in every phase is brought to a state of
perfection, and the analyst can boast that he has given
a perfectly true report as to the exact composition of any
particular sample of soap that may come under his notice.

Before commencing an analysis of any particular piece
of soap it is of great importance to obtain a good sample of
it, and herein we may briefly touch upon a point of difficulty
that the soap analyst must guard against if he desires to
obtain good results. If a bar of soap, especially one that has
been made for some time, be cut across, it will be observed
that there is on the outside a skin which is harder than the
central portion of the bar. Now, if portions are taken
from the outer and inner parts of the bar, and analysed, it
will be found that different results are obtained, the outer
skin containing much less water than the inner portion.
Now as it is usually the custom in soap analysis to take several
portions for the different constituents, it is obvious that con-
cordant results will not be obtained unless the analyst is
exceedingly careful in selecting his sample and in cutting it
up. In order to avoid this difficulty many analysts have
devised schemes for the analysis of a sample of soap from
only one weighed portion. Some of these schemes have not
been published, others have, and one or two of these will be -
noticed. One disadvantage of such schemes is that they
take a considerable time to work through, and often time is
an element. Then, again, the soap is subjected to some
operations which may have some etfect on the character
‘of the other constituents ; thus, for instance, supposing that
as a preliminary the soap is dried, then the heat necessary
for this purpose may bring about the saponification of some
free fat with the free alkali present, and the soap would be
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returned as neutral when it may really be alkaline. Again,
if the soap be treated for certain reasons with alcohol, the
latter might also bring about the complete saponification of
the last traces of free fat and free alkali.

On the whole, if care be taken in sampling the soap and
making all weighings of the testing samples at the same time,
it will be found better, and quite as good results will be
obtained, to use different samples of the soap for the various
estimations.

Water in Soap.—Clean thoroughly and heat for a short
time over an air bath a porcelain evaporating basin, then
allow to cool, and weigh it. Then scrape the sample of soap
into fine shreds and weigh 10 grammes into the basin.  Next
place the basin of soap into a hot-air oven heated to about
110° to 120° C. for about three to four hours; take the basin
out, allow to cool in a desiccator; then weigh it. Next
replace it in the oven for about an hour, again allow to
cool, and weigh it; repeat these operations until there is no
further loss of weight. The loss of weight may be taken as
water, although if in transparent soaps a little of the spirit
be left in, it will also be volatilised and reckoned with
the water. To take an example: —

Gramines.
Weizht of basin + soap . . . . . . . . 35368
Weight of basin . . . . . . . . . 25368
Weight of soap taken . . . . . . . . 10000
Weight of soap and basin (B). . . . . . . 35368
Weight of soap and basin (A). . . . . . . 33276
Loss of weight . . . . . . 2092

2:092 x 10 = 2092,

In this soap there is then 20°92 per cent. of water.

This, although the best method of determining the water
in soap, is a slow one, taking some hours to do. It has one
advantage, and that is the soap is in a suitable condition to
use for further tests. .

A quicker method is that described by Watson Smith.
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An evaporating basin with a short length of glass rod is
weighed, and into it is weighed 5 grammes of the soap to be
tested. The basin and its contents are placed on a sand
bath over a bunsen burner and heated, with constant stirring,
until the soap begins to emit a charring or burning odour,
which is readily perceptible. The heating is then stopped,
and the basin and its contents allowed to cool, when they
are weighed, the loss being the water in the soap.

Grammes.
Weight of basin + glass + soap . . . . . . 36979
Weight of basin + glass . . . . . . . 31-879
Weight of soap taken . . . . . . . . 5-000
Weight of soap, etc., before heating . . . . . 36-879
Weight of soap, etc., after heating . . . . . 35-853
Loss of weight 1-026

1026 x 20 = 2052.
In this sample of soap there is 20°52 per cent of water.
This method of working, carefully followed, gives good

results.

Alkale in Soap.—The alkali in soap may be present in
two forms, free and combined. A good sample of well-made
soap should not contain any free alkali; but it is very difi-
cult to make a soap which shall not contain any, and so the
best of soaps have frequently small traces present. It is
only when special means have been taken to prevent its
being present that soap is free from this constituent. The
combined alkali is that which is combined with the fat to
form the soap.

The free alkali may be present in the soap as hydroxide
or as carbonate: the former is the excess of the caustic
alkali used in making the soap not removed in the finishing
operations: the latter, when present, has usually been added
as a filling material. It will be convenient if we first describe
the estimation of the total alkali in the soap, then the free
alkali both as hydroxide and carbonate.

Total Alkale in Soap.—Ten grammes of the soap are
D)
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weighed out and dissolved in 100 to 150 c.c. of water by
boiling. To the solution as much methyl orange is added
as will just impart a yellow tint to the liquid; then from a
burette a normal standard solution of sulphuric acid is run
in (titrated) until a permanent pink coloration is obtained.
The solution may be kept warm during the operation with
advantage.. Note is taken of the number of c.c.’s of standard
acid used.

It is customary to consider soap as a combination of soda,
Na,0, the oxide of the metal sodium with the anhydrides of
the fatty acids; in this view sodium oleate would have the
formula

Ne,00{ G50

Having this view of the composition of soap in mind, it
is customary on the part of chemists to calculate the free
and combined alkali in soap as soda (sodium oxide, Na,0),
and accordingly the number of c.c.’s of standard used is multi-
plied by 0°031, which gives the amount of soda in the 10
grammes of soap, and this multiplied by 10 gives the per-
centage of total alkali (Na,0) in the soap. As an example
in testing a sample of soap, the readings on the burette were
as follows:—

Second reading . . . . . . . . . 82-5
First reading . . . . . . . . . . 60
265

265 x 0081 = 0-8215,
0-8215 x 10 = 8°215.

The soap contains 8215 per cent. of alkali (NayO).

In the author’s opinion the customary view of the com-
position of soap as given above is wrong. He considers it
preferable to view soap as being composed of basic radicle
(which would be either the etal sodium or potassium -ac-
cording to the nature of the soap) with fatty acid radicle.

Sodiumn oleate would then have the formula
NaCysHyy0p
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This view of the composition of soap would bring the
matter in a line with the currently accepted view of the
composition or constitution of salts, with which class of
compounds soap may be grouped. In consonance with this
view the alkali in soap should be calculated to sodium Na by
using the factor 0°023 to multiply the number of c.c.’s of
standard acid with a fatty acid radicle. Thus in the example
given above we should have

265 + 0.028 = 0-6095.
0:6095 + 10 = 6°095.

There is 6:095 per cent. of total alkali (Na) in this sample
of soap.

In the case of testing soft soaps, the method adopted is
the same. The factors to be used in calculating arc 0°047
for potash (K,O) or 0039 for potassium.

In this chapter, in all analyses of soap the alkali will be
given as sodium (Na) in the case of hard soaps, or as potassium
(K) in the case of soft soaps.

Free Alkali in Soap.—To ascertain the amount of free
alkali in soap is rather a troublesome matter. The simplest
plan is to weigh out 10 grammes of the soap, dissolve in
150 c.c. of water by boiling, add a few drops of an alcoholic
solution of phenol-phthalein, which will produce a red
coloration if free alkali be present, then titrate with normal
standard sulphuric acid until the red coloration disappears.
The alkali is calculated to NaOH by the factor 0°04 in the
case of hard soaps; to caustic potash (KOH) by the factor
0056 in the case of soft soaps. A good make of hard soap
will not take more than 075 to 1 c.c. of the standard acid
to neutralise any free alkali it may contain.

There are some objections, perhaps, to this method of
working; in the first place it fails if the soap contains a con-
siderable amount of carbonate of soda or potash, as these
bodies are slightly alkaline to phenol-phthalein ; if they are
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present then another process must be adopted. Then, again,
it is stated by many chemists that on dissolving soap in water
a certain amount of decomposition occurs by hydrolysis and
an acid soap is formed together with a little free sodium
hydroxide. If this action does really occur, then for the
purpose of detecting free alkali in the soap, a solution in
water is not available. The author, as the result of numerous
analyses of soap, does not view this decomposition theory of
soap solution with favour, and is very much inclined to the
opinion that it does not occur. Soaps have passed through
his hands which did not, with the processes above de-
scribed, take more than 025 to 05 c.c. of acid to neutralise
any free alkali they contained, and the decomposition theory
of soap, if it is worth anything, calls for the production of
more free alkali than is represented by the quantities of acid
which have been named.

Another method of determining the free alkali in soap is
to weigh out 10 grammes of the soap and dissolve with the
aid of a water bath in about 200 c.c. of neutral alcohol. It is
best to use absolute alcohol, but as this is expensive the
ordinary methylated spirit may be used if it is subjected to a
purifying process, the simplest method of conducting which
consists in placing in the spirit some caustic soda, allowing to
stand over a night, then redistilling about 90 to 95 per cent.,
the residue which remains in the still or retort being thrown
away. Before use the alecohol or spirit should be neutralised
by adding a little phenol-phthalein and sufficient caustic
soda to produce a faint pink tint.

When the soap has been dissolved in the alcohol or the
latter has dissolved as much as it will, the solution should
be filtered through a dry filter, taking care to expose the solu-
tion to the air as little as possible. The solution should be
made in a flask, and the filtering should be done through a
funnel into a flask, the funwel being kept covered by a
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glass plate. When the liquid has gone through the filter,
the residue may be washed with a small quantity of neutral
alcohol, the washing being added to the main body of the
filtrate.

To the alcoholic solution is now added phenol-phtha-
lein as an indicator, when, if there be any free alkali, a red
colour will be obtained. The solution is now titrated
with the standard acid as before, until the red colour
18 destroyed. The amount of free alkali is calculated as
before.

The alcohol only dissolves the soap and any alkali which
may be present as hydroxide (caustic alkali); any in the
form of carbonate, borate or silicate is undissolved and
remains as an insoluble residue on the filter. To this
reference will again be made.

The alcohol method, like the water method, of dissolving
the soap is open to objections. One feature is the great
liability that the mere act of dissolving the soap in such a
menstruum will bring about saponification between any free
fat and free alkali which may be present in the soap, thus
leading to too low a quantity of the latter constituent being
found. It is, however, in the case of carbonated soaps the
only method which can be employed. In either the water
or alcohol solution the combined alkali may be determined
if after titrating with the standard acid and phenol-
phthalein of the free alkali methyl orange be added, and
the titration be continued until the characteristic pink
coloration be obtained. Thus, in an analysis of a sample
of ‘“pale soap” made by the author, employing a water
solution and taking 10 grammes of soap, the following
results were obtained :—
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Free alkali, using phenol-phthalein as indicator.

Standard acid burette readings :— .
Second reading . . . . . . . . . . 15
First reading . . . . . . . . . . 00

15
15 x 004 = 0:06.
006 x 10 = 0°6 per cent. of NaOH.
Then added methyl orange and further titrated.
Second reading . . . . . . . . . . 267
First reading . . . . . . . . . . 15
252
252 x 0081 = 0-7812.

07812 x 10 = 7-81 per cent. of combined soda (NagO).
Or
" 252 x 0028 = 0-579.
05796 x 10 = 5°79 per cent. of combined sodium (Na).

Alkali as Carbonate, Silicate, etc.—It is very difficult to
give any general scheme which shall meet every case that
may occur in the examination of soap for alkali present in
the forms of carbonate, silicate, borate, sulphate, chloride,
etc.; the soap analyst must be prepared, in dealing with
soaps which contain any of the constituents mentioned, to
devise a special scheme of his own, based on the results of a
qualitative test which he may have applied to the soap.
What is stated in the following remarks should be looked
upon more in the nature of hints than as a cut-and-dried
scheme applicable to any and every kind of soap. 10, or, if
the proportions of the substances in question are small, 20,
grammes of the soap are dissolved in methylated spirit, and
the solution filtered from anything insoluble, the filter which
is used having been previously dried and weighed. The in-
soluble portion which remains on the filter is washed with
fresh spirit, when it is dried and weighed, the weight thus
obtained giving the amount of matters insoluble in alcohol
in the soap.

Boiling water is now poured over the filter, the contents
of which are treated until they are thoroughly exhausted of
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all soluble matters. The filter is next dried and weighed,
when the amount of any insoluble matter will be obtained.
This portion may consist of added sand, silica, French chalk
and similar substances, with, may be, some added organic
matter not dissolved by water. After weighing it, the filter
paper and its contents may be placed in a weighed porcelain
crticible, burnt over a bunsen burner, then allowed to cool,
and weighed. This last weighing will give the amount of
insoluble mineral matter in the soap, and is then ready for
further examination if need be.

The aqueous solution which has passed through the filter
is now made up to a known volume and divided into two
portions, A and B. To A is added a little methyl orange,
and it is titrated with normal hydrochloric acid until the
characteristic pink colour is obtained. This titration will
give the amount of alkali present as carbonate, borate and
silicate. The presence of carbonate will be indicated by
effervescence occurring; the other two substances do not
effervesce with acids. The solution which has been used in
the titration is now heated to the boil, a little hydrochloric
acid added, and then a little barium chloride ; if any sulphate
be present a white precipitate of barium sulphate will be
obtained. This is filtered off, well washed with hot water,
dried, burnt in a porcelain crucible over a bunsen burner
and weighed. The weight of barium sulphate thus obtained
multiplied by 0609 gives the weight of sodium sulphate,
Na,80,, present. Thus the following figures were obtained
in an analysis of soap for sulphate, 10 grammes of soap

being used :—
Weight of crucible + ash + BaSQ, . . . . . 66645
Weight of crucible . . . . . . . 6-5680
*0965
Weight of ash + BaSO, . . . . . . . 0047
Weight of ash . . . . . . . . 0918

00918 x 0609 = 0'056
0056 x 10 = 0'56 per cent. of sodium sulphate in the soap.
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The second portion, B, of the filtrate is divided into two
equal portions. One portion is acidified with hydrochloric
acid evaporated to dryness, the residue treated with a little
weak hydrochloric acid, filtered from the silica which is ren-
dered insoluble by this treatment. The silica is washed,
dried, burnt in a crucible and weighed.

The presence of borax may be detected by placing a
piece of turmeric paper in the solution as it is boiled down
for the silicate; if borax be present the paper will turn a
red-brown colour. To determine the amount of borax present
is a most difficult matter, and no really satisfactory process
can be described.

If any silicate or borate be present as well as carbonate,
the latter is estimated by taking the other portion of the
aqueous solution, and determining the amount of carbonic
acid in this in special apparatus, such as is made for the
purpose. Forty-four parts of carbonic acid, CO,, correspond
to 106 parts of sodium carbonate, Na,CO;; or to 62 parts of
sodium oxide, Na,O ; or to 94 parts of potassium oxide, K,O.
These proportions may be employed in making the necessary
calculations.

Generally speaking, soda is the only form of alkali
which will be met with in hard soaps, and potash the
only form found in soft soaps; rarely are both alkalies
present in a soap at one time. Should it be needful to
ascertain ¥ both be present, the following course of pro-
cedure must be adopted: A sample of soap is neutralised
by hydrochloric acid, the fatty matter separated and the
solution boiled down to a small bulk; a piece of platinum
wire is dipped into the solution and held in the lower por-
tion of a bunsen flame, which then becomes coloured with
a yellow light if sodium be present, with a pale lilac-tinted
light if potassium be present. The observer is advised to
try this experiment with pure sodium and potassium salts,
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to gain more experience of the results likely to be
obtained.

The presence of sodium is readily demonstrated by the
flame test, and if present it will obscure the characteristic
flame test for potassium. The presence of the latter may be
detected by adding to the aqueous solution obtained as just
described a little platinum chloride and methylated spirit,
when, if it be present, a yellow precipitate of the double
potassium-platinum chloride will. be obtained. Sodium does
not give such a precipitate. If it be desired to ascertain the
amount of both alkalies, then the total alkali present is deter-
mined in the usual manner with the seminormal hydro-
chloric acid, after which the potassium is precipitated out as
the double chloride of platinum and potassium, the amount
of which is ascertained by weighing on a weighed dry filter
paper, and from the data thus obtained the amount of both
potash and soda may be calculated. For details of this and
other quantitative methods which are described in this
chapter, the reader is referred to standard books on quanti-
tative chemical analysis, such, for instance, as those of Mills
and North, Sexton, Thorpe and others.

Fatty Matter—The fatty matter of soap is present in
two forms, free and combined; the former should, in the
best grades of soap, be present only in trifling amount. In
some so-called superfatted soaps, an excess of free fat, usually
present in the form of wool fat or lanolin, is purposely
added.

Free Fat—To ascertain the amount of free fat in the
soap, the dried 10 grammes of soap left after the determina-
tion of the moisture (vide supra) are wrapped in a piece of
filter paper and placed in a Soxhlett fat-extraction apparatus
and extracted with petrolenm ether. The operation may be
allowed to take one and a half hours: the ethereal liquid is
run into a weighed glass, the ether evaporated off in an air
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bath and the residual free fat weighed. The fat so obtained
will consist of the portion of fat which has resisted the
saponifying process, any small proportion of unsaponifiable
matter which may have been present in the fat or oils used
to make the soap, any fatty material added to ‘‘superfat’
the soap, and any fatty matters, such as mineral soap stock,
which may have been added as a filling to the soap.

The total fat which is present in the soap is determined
in the 10 grammes which have been used for the titration of
free and combined alkali (vide supra). After the titration
for the alkali a slight excess of acid is added, and the mass is
heated over a bunsen burner until the fat separates out on
the top of the aqueous liquor in a clear transparent layer of
oil. Two plans may be followed for collecting and weighing
this fat. The method commonly recommended is, with all
those soaps which will give a solid fat, to allow the fat to
cool and set into & solid cake ; the aqueous liquid is now run
off and clean water added. The mass is now heated until
the fat is once more melted, when it is again allowed to cool;
the cake of fat is separated from the wash water, dried be-
tween sheets of filter paper and weighed.

When the soap is of such a character as to yield fat that
will not separate out as a solid cake, but remains more or less
liquid or paste, 10 grammes of white wax or of paraffin wax
are added to the fat, melted up along with it, and finally
weighed with it. From the final weight that of the wax is
deducted, leaving the weight of fat present in the soap.

There are some objections to this method of working,
which requires care in execution if good and reliable results
are to be obtained. It is difficult to remove entirely the
whole of the fat from the sides of the glass beaker which is
used in carrying out the operation ; this tends to reduce the
amount of fat found. Then it is difficult to free the cake of
fat from all traces of moisture, and hence there is a liability
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from this cause to increase the apparent weight of fat. The
two sources of error thus indicated, acting in opposite direc-
tions, may tend to neutralise one another. Another objection
to the method is the time it takes.

The author recommends the following process, which, in
his hands, gives good results: After titrating with standard
acid for the alkali, and melting the fat as described above, a
small quantity of petroleum ether is added and the mixture
poured into a separating funnel; more warm, but not hot,
water is added, with, if needful, more petroleum cther. The
contents of the funnel are now well shaken and then allowed
to stand to settle, when two layers will form, the upper one
of ether with the fat, the lower of acidulated water. The
latter is now nearly, but not quite, run off, and fresh warm
water added to wash the fat, this being repeated if required.
The ether layer is now run into a weighed glass beaker,
the ether evaporated off, and the residual fatty matter
weighed.

By any of the processes above described there is obtained
the total weight of fat in the soap. This fat will contain the
free fat, as well as that present in combination with the
alkali as soap; the amount of the latter can be ascertained
by deducting the amount of free fat which has previously
been ascertained. The combined fat consists essentially of
fatty and rosin acids. We do not obtain them in the form
in which they are present in the soap, where they are
combined with sodium Na as acid radicles, which may be
represented by R in the compounds of which NaR is the
typical formula, but as fatty acids of the type HR. It there-
fore follows that the weight of fatty acids found is slightly
—1 in 282—in excess of the truth, and that a well-made
analysis of soap, taking the water and fatty matter as found,
the free alkali as NaOII, the combined alkali as Na, will
come out slightly in excess of 100; this excess will range
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from 01 to 03, according to the quantity and character of
the fatty matter present.

If the soap contains much coconut oil, the results ob-
tained in determining the amount of fatty matter by either
of the methods given will be too low, owing to the oil con-
taining fatty acids which are soluble in water, and these
‘pass into the wash waters, and so are not collected and
weighed.

Mr. J. A. Wilson recommends the following process: 10
grammes of the soap are dissolved in water and decomposed
by a slight excess of dilute sulphuric acid ; the glass or flask
containing the soap mass is then heated until the fatty matter
collects in a clear layer on the surface of the aqueous liquid.
The vessel and its contents are now cooled and the cake of
fatty acids separated out, while the aqueous layer is filtered
through & wet filter paper. The cake of fatty acid is
washed three times with 250 cubic centimetres of boiling
water, cooling and filtering each time. The various filtrates
are collected ; methyl orange is added as an indicator, and
the liquor titrated with decinormal caustic soda until the
pink colour changes to yellow. By this means the excess
of mineral acid used in decomposing the soap is got rid of.
To the liquid is added phenol-phthalein, and the titration
continued until the characteristic pink colour is got; the
amount of standard soda solution used corresponds to the
amount of soluble fat acids present, and these are calculated
to capryllic acid, HC¢H,;0,, by multiplying by the factor
0'0144. The cake of fatty acids may be dried and weighed,
thus giving the amount of insoluble fatty acids.

It may be mentioned here, that by collecting the fatty
acids, dissolving them in neutral methylated spirit, using
phenol-phthalein as an indicator, and titrating with standard
caustic soda, there is obtained the amount of alkali required
to combine with the fatty acids to form soap; if in previous
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tests more has been found then such excess must be present
in other forms.

In case the soap analyst adheres to the method of calcu-
lating the alkali as sodium oxide, Na,O, then he must reckon
the fatty acids as anhydrides; the quality of these he may
calculate from the amount of fatty acids found by multiply-
ing the factor ()97, which while not accurate for every case
is sufficiently so for all the common grades of soap.

Sodium Chloridein Soap.—Theamountof sodium chloride
present in a sample of soap may be determined in the aqueous
liquor which is obtained in the titration for alkali with
standard sulphuric acid. This may be done either volu-
metrically or gravimetrically. In the volumetric process the
liquid is neutralised with caustic soda, which is free from
chloride, then a few drops of a solution of pure potassium chro-
mate are added, and the liquid titrated with a normal solution
of silver nitrate until a permanent orange or reddish colour is
obtained. The number of cc.'s of silver solution used,
multiplied by 00583, gives the amount of sodium chloride
present in the soap.

If it be desired to determine the chloride gravimetrically,
then the aqueous solution is heated to the hoil, and sufficient
of a solution of silver nitrate added to precipitate all the
chloride as silver chloride : the precipitate is collected on a
filter, well washed. dried, burnt in a porcelain crucible, and
weighed. The weight of silver chloride so found, multiplied
by 0407, gives the weight of sodiu chloride in the soap.

Glycerine.—-This constituent may be looked for in some
makes of toilet soaps, in all soaps made by the cold and
pressure processes, and in soft soap.  Generally its amount
is taken by difference, that is all the other constituents of
the soap are determined, and any difference required to make
up the full amount. is taken as glvceerine. No satisfactory
method for its determination in soap has been devised ; the
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method based on its conversion in oxalic acid by means of an
alkaline solution of potassium permanganate is perhaps the
best. This test will be referred to again later on.

To detect the presence of glycerine in soap the following
tests may be applied : Decompose the soap with acid and
separate out the fatty matter, evaporate the aqueous liquor
down to a small bulk, mix it with some borax, dip a piece
of platinum wire in the mixture, then hold it in the flame
of & bunsen burner; if glycerine be present the flame will
become tinged with a deep green colour. By heating con-
centrated solution of glycerine with bisulphate of potash,
acrolein, distinguished by its powerful and characteristic
odour, is obtained. Another test is to boil the aqueous
solution down, render it faintly alkaline with caustic soda,
and add it to a dilute solution of borax which has been
coloured a faint rose-red by adding phenol-phthalein. The
‘glycerine solution is added until the red colour disappears.
On boiling the liquid the colour comes back, but it again
disappears on allowing the liquid to cool down. It should
be stated that this test is not specially characteristic of
glycerine, as some other alcoholic bodies and some kinds of
sugar give the same reactions; but as such bodies are not
usually present in soap they may be disregarded.

Suger is present only in transparent soaps, but in these
often to a large amount. Its presence may be detected by the
Fehling test as follows: The aqueous solution of the soap,
after the fat has been separated, is boiled for half an hour
with a few drops of sulphuric acid; the solution is then
neutralised with caustic soda, some Fehling test solution
is added, and the mixture boiled, when the presence of sugar
is indicated by the formation of a red precipitate of cupreous
oxide. TIf it be desired to determine the amount of sugar
present, the aqueous solution is boiled with the acid, as
described above, a slight excess of caustic soda added, and
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the solution heated to the boil; Fehling test solution is
added as long as a precipitate falls down, or until the liquor
acquires a blue colour, the liquid being maintained at the boil ;
the precipitate is next filtered off, well washed with water,
dried, burnt in a weighed porcelain crucible, and weighed.
The weight of copper oxide thus found, multiplied by 0-40875,
gives the weight of cane sugar in the soap.

Starch in soap may be detected by means of the iodine
test, which produces a deep blue to blue-black colour. The
soap solution must be neutralised before applying the test.
If the amount is to be determined the process is identical
with that for estimating the sugar, the copper oxide obtained
being multiplied by 040816 to obtain the equivalent weight
of starch. It is obvious that if both starch and sugar be
present, both will be found by the Fehling test, and they
must be differentiated by other tests; but it is extremely
unlikely that both will be present at the same time in a
sample of soap.

When both sugar and glycerine are present in a soap, the
best method of working consists in evaporating the aqueous
solution down, then treating the residue with a mixture of
one volumme of chloroform with two volumes of alcohol,
which dissolves out the glycerine; the solution is evapo-
rated in the water bath and the residual glycerine weighed.
The sugar may be estimated in the residue left by the
alcohol and chloroformn; it is dissolved in water and the
sugar determined by the Fehling test in the manner de-
scribed above.

Dr. Albert R. Leeds’ scheme for the analysis of a sample
of soap with only one weighing, first published in The
Chemical News, is given below, modified slightly by the
present writer.
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DR. ALBERT R. LEEDS' SCHEME OF SOAP ANALYSIS.

Weigh out 5 grammes of the soap and dry at 100° C.

The loss of weight corresponds to the water.

Treat the dried soap in a Soxhlett apparatus with petro-

leum ether.

Ethereal extract contains the free fat; evaporate off the
ether and weigh the residual fat.

Residue contains the soap and mineral matter; treat it
with alcohol.

Alcoholic solution contains the soap and free caustic
alkali. Add a few drops of phenol-phthalein and
titrate with normal sulphuric acid. The amount
used corresponds to the free alkali, which is calcu-
lated to NaOH (factor 0'04). Add water and boil
off the alcohol, add a little methyl orange and
titrate with normal sulphuric acid. Acid used cor-
responds to combined alkali, calculated as either
Na,O or Na (factors 0031 or 0023). Add slight
excess of acid, boil and separate out the fat.

Solution contains glycerine. Evaporate to dry-
ness after neutralising with sodium carbonate ;
extract with alcohol, filter, place the filtrate
in a weighed basin and, after evaporating off
the alcohol, weigh the residual glyvcerine.

Residue is the fatty matter. Dry and weigh it.
Take half of it and dissolve in alcohol, add
phenol-phthalein and titrate with normal al-
coholic soda. From the amount used the
molecular weight of the fatty acids may be
calculated.  Add ether and dry powdered silver
nitrate (Gladding test, see farther on) ; shake
well and allow to settle.

Precipitate consists of the oleate, stearate
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and palmitate of silver with excess of
nitrate of silver. It may be neglected.
Solution contains resinate of silver. Filter
from the precipitate, wash the latter with
a little ether, transfer the filtrate to a
separating funnel, add water, sufficient
dilute sulphuric acid to decompose the
resinate and some petroleum ether -if
necessary. Separate the ether layer and
run it into a weighe 1 glass, evaporate off
the ether-and weigh the residual rosin.
Residue from the alcohol contains Na,CO,, NaCl,
Na, S0O,Na,Si0; (or corresponding potassium
salts), starch and any mineral matters. Treat
it with a little water and filter through a
weighed filter.
Solution.—Divide into four equal portions,
a, b, ¢ and d, and test each as follows: —

a. For Na,C0,, or K,CO,, titrate with
normal H,SO, with methyl orange,
calculating the result to Na,CO;, or
K.CO,

b. For NaCl or KCl titrate with stan-
dard AgNO; or weigh as AgCl, cal-
culating to NaCl or KCL

e. For Na,S0,, weigh as BaSO0,, calcu-
lating to Na, SO, or K,SO,.

d. Na,Si0;0rK,8i0,. Decompose with
HCI and weigh the residual silica (see
above, p. 344).

Residue contains starch and added mineral
matter. Dry the filter and weigh. This gives
the amount of starch and mineral matter.

Determine the amount of starch by Fehling
23
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test. The mineral matter may be determined
by difference.

Some difficulty is often experienced in the process of
digesting the soap with alcohol if an ordinary beaker be
employed. To overcome this Spaeth proposes extraction in
a Soxhlett extractor with alcohol, the soap being contained
in a narrow glass vessel similar to a weighing bottle, but
with perforations at the bottom and in thelid. The holes at
the bottom are covered with ignated asbestos fibre, over
which a layer of filter paper and finally a glass disc with fine
perforations are placed. The bottle thus prepared is dried
at 105° C. for an hour and weighed. The loss in weight gives
the amount of water in the soap.

The bottle without the lid is then placed in the Soxhlett
extractor and its contents extracted with neutral alcohol for
about six hours. After complete extraction the bottle and its
contents are dried at 150° C. and weighed, the result giving
the amount of ‘filling material”’ in the soap. The deter-
mination of mineral substances, dextrin, gelatin, etc., in
this is carried out in accordance with the usual methods.

Since the extraction is made with neutral alcohol, the
amount of free fatty acids or alkalies in the alcohol extract
can be directly titrated with standard alkali or acid.

REICHERT TEST FOR COCONUT OIL.

Coconut and palmnut oils are now such important in-
gredients in soaps that it is desirable to be able to ascertain
when they are present.  These oils very closely resemble one
another and it is difficult, if, indeed, not practically impossible,
to distinguish between them by chemical tests, especially in
the presence of other oils and fats. These oils when present
in a soap tend to make it whiter in appearance and increase
the proportion of alkali present; the fatty acids have a dis-
tinctly lower combining weight, while their odour is peculiar
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and characteristic. There is one feature which serves to
distinguish these two oils from all other kinds of soap stock,
and that is, they contain acids such as capric and caproic
acids which are soluble in water and which, when distilled
with water or steam, are volatile. This property may be
taken advantage of for the purpose of ascertaining if any are
present and approximately how much, the test being known
as the Reichert test, from the name of the chemist who first
described it. Since then others have described modifications
of it. The property of solubility of the lower acids of these
oils in water causes the fatty matter of soaps containing
them to be lower than it actually is when examined by the
ordinary methods of analysis. The Reichert test as applied
to soap is carried out in the following manner: Five grammes
of the soap are boiled with a little alcoholic potash or soda
solution in an evaporating basin to ensure the complete
saponification of the fatty matter contained in the soap, the
alcohol being completely driven off. The residual soap is
dissolved in water and transferred to a retort, sufficient dilute
sulphuric acid is added to decompose the soap, with some small
pieces of pumice stone or tobacco pipe to prevent bumping.
The contents are now heated and two-thirds of the amount
distilled over; the distillate is collected, filtered through a
dry filter paper, and the clear liquid is titrated with deci-
normal soda, phenol phthalein being added as an indicator.
Note is taken of the number of cubic centimetres of
alkali used to necutralise the acids which have volatised
over. Five grammes of coconut oil require usually from
7 to 8 c.c., palmnut oil from 48 to 6 c.c. The test, it may
be pointed out, is a purely arbitrary one, and requires
always to be carried out in the same manner to cnable
comparative results to be obtained. The analyst is ad-
vised to make his own standards by first working on the
pure oils and then with the soap to be tested. It is owing
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to its arbitrary character that this test has been subjected to
various modifications at the hand of different observers, but
it is at least questionable whether the alterations are an
improveément on the original method. The process does not
yield the whole of the volatile or soluble acids present in the
soap or oil. There is another method of obtaining the
quantity of soluble fatty acids present. Take 5 grammes of
the soap, dissolve in water, neutralise exactly with semi-
normal acid, pour the liberated acids on a filter, collect the
filtrate, wash the acids with water, the washings being added
to the filtrate and titrate with decinormal alkali with phenol
phthalein as an indicator. The number of cubic centimetres
used may be taken as an indication of the Reichert value.
So far, no process which is quite satisfactory has been de-
vised for the determination of the volatile acids of coconut
and palmnut oils.

Testing for Ground Nut Oil.—The oil expressed from the
kernels of the monkey nut, which is placed on the market
under the names of ground nut oil, or arachis oil, is often used
in soap-making. This oil is characterised by containing
arachidic acid, one of the stearic series of fatty acids having
the formula HC,,Hy,0,. The isolation of this acid is a certain
indication of the presence of ground nut oil. This may be
cffected by Renard’s process, as follows: 10 grammes of the
soap are dissolved in water, hydrochloric acid added to decom-
pose the soap; the fatty acids which are separated out, are
collected, washed well and dissolved in alcohol. A solution
of lead acctate is added, when insoluble lead soaps are pre-
cipitated out; these are filtered off, then digested with ether,
which dissolves out the lead oleate, etc., but leaves the lead
palmitate and arachidate insoluble. Repeat the treatment
with the ether, to ensure complete extraction of the soluble
salts. Collect the lead palnitate and arachidate, decompose
them by means of dilute hydrochloric acid by boiling, then
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allow the separated fatty acids to cool, and dissolve in 50 c.c. of
warm 90 per cent. alcohol. This solution is allowed to cool,
when, if any arachis oil is present, a crop of crystals of
arachidic acid will be obtained; these are collected on a
dry, weighed filter, washed with alcohol, dried and weighed.
As ground nut oil contains, on the average, 5 per cent. of
arachidic acid, by multiplving by twenty the weight of the
crystals obtained, the amount of ground nut oil can be
approximately ascertained. It may be added that arachidic
acid has a melting point of 71° to 72’ C., and the purity of
the crystals got may be tested by determining their melting
points. With care, very good results can be obtained.

Castor Oil—The presence of castor oil in the fatty matter
of a soap may be detected by the high specific gravity (09509
at 60° F.) of the fatty acids, and more particularly by their
being insoluble in petroleum ether, although, if only a small
quantity of castor oil is present, the other fatty matter may
tend to bring about solubility.

The acetyl test can also be used. It is, however, difficult
to determine accurately the proportion of castor oil which
may be present.

Mineral Matters in Soaps.—The mineral additions to
soap take two forms, soluble salts, like borax, soda crystals,
sodium sulphate, silicate of soda; and insoluble bodies, like
sand, fuller's earth, china clay, etc. The detection and
determination of these constituents is not easy, and no
general scheme can be laid down.

Soda Crystals.—Soda crystals are sometimes added to
soap for the purpose of hardening it, or in the process of
manufacture of dry soap and soap powders. In the ordinary
method of testing soap it would be estimated along with the
combined alkali of the soap—10 grammes, in the case of
ordinary soaps, 2 to 3 graimmes, in the case of dry soaps—and
the soap extracted by means of alcohol and filtering from the
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undissolved sodium carbonate. The residue is washed with
alcohol, then dissolved in water and titrated with normal
standard acid, 1 c.c. of which corresponds to 0053 grammes
of anhydrous sodiuin carbonate, Na, CO;.  Sodium carbonate,
when present, is distinguished by its effervescing with acids,
and giving the characteristic yellow sodium flame. Sodium
sulphate or Glauber’s salt is sometimes added to soap and
dry soap, for the purpose of hardening or cheapening the
cost of production. Like soda crystals, it is left insoluble
on digesting the soap with alcohol, but is distinguished from
them by not effervescing with acids, and giving with barium
chloride a white precipitate of barium sulphate. When
present in soap, the amount may be ascertained by taking a
known weight of the soap, digesting with alcohol, dissolving
the residue in water, acidifying with hydrochloric acid, adding
barium chloride, collecting the precipitate of barium sulphate .
BaSO0,, on a filter, washing well with water, drying, burning
the filter, etc.; from the weight of barium sulphate obtained
Na,SO, can be calculated by multiplying by 0'609, or that of
Glauber’s salt, Na,SO, 10H,0, by multiplying by 1-382. In the
case of both sodium carbonate and sulphate the analyst will
have to exercise his own judgment as to whether he reports
the anhydrous or the crystal form of these two compounds
as being present.

Borax.—The presence of borax in soap is by no means
easy to detect, while the determination of the quantity
present is rather difficult. It is left insoluble on treating
soap with alcohol, and, as it affects methyl orange in the
same way as carbonate, it is estimated along with the latter
salt with the standard acid. To detect its presence and
determine its amount, the following procedure should be
adopted : Digest the soap with alcohol, collect the undissolved
salts on a filter, washing them with a little alcohol; then
dissolve them in water and divide the solution into three
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parts. Titrate one with standard hydrochloric acid, using
methyl orange as an indicator; take a second portion of the
solution, acidify with hydrochloric acid and evaporate nearly
to dryness, then dip a piece of turmeric paper in the hot
solution ; if borax be present it will turn a reddish brown.
As a further proof evaporate to complete dryness, add a little
methylated spirit and set fire to the spirit; if borax be present
the edges of the flame will be tinged green. If borax be
found present, to estimate its amount take the third portion
of the solution and determine the carbonic acid it contains
by the apparatus which is supplied by chemical apparatus
dealers for that purpose. The amount of carbonic acid, CO,,
found should be calculated to sodium carbonate, Na,CO,.
The amount of standard acid necessary to neutralise that
calculated and this deducted from that used in the actual
titration with the first portion of the aqueous solution repre-
sents the amount of borax present. One c.c. of standard acid
equals 0221 grammes of borax Na,B,0;10H,0. Of course,
great care is needed in carrying out the various operations to
ensure accuracy of results. -

Silicate of Soda.—The presence of silicate of soda increases
the alkalinity of a soap and affects the titration with the
standard acid, the latter showing more combined alkali than
is actually present as soap. The presence of silicate of soda
or potash is shown by testing for silica in the following
manner. The insoluble residue left on treating the soap
with alcohol is dissolved in water and acidified with hydro-
chloric acid; the liquid is next evaporated to dryness and
heated strongly for some time; by this means the silica is
rendered insoluble. The residue is digested with water and
a little hydrochloric acid, when, if silica and, therefore, sili-
cate of soda or potash he present, it will be left behind as an
insoluble gritty mass. By taking a known quantity of the
soap and weighing it, the silicate of soda in the soap can be
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approximately ascertained. It It may be pointed out here that
soda crystals (sodlum cg.rbonate) sodium sulpha.te, bora.x a.nd
silicate of soda are all insoluble in alcohol ; hence they are
left as msoluble on dlgestmg the soa.p thh tha.t solvent, and
may posmbly be all present; in which event the followmg
mode of working 1 ma.v be adopted. Dissolve the residue left
by the alcohol in water and divide this solution into three
portions, A, B and C. Take A, add methyl orange and
titrate with normal hydrochloric acid to ascertain the total
alkali, which will be the sum of carbonate, borax and silicate
present ; afterwards use the same portion for determining
the sulphate with barium chloride as described above. In B
determine the carbonic acid. Take C, neutralise with hvdro-
chloric acid, boil down to dryness, and whlle doing so test
for borax by means of turmeric paper, dlgest the dry residue
with water and a Tittle hydrochloric acid, filter oﬁ' wash dry,
and weigh TRe §ilica.
“Rand “and Mineral Matters—Some soaps contain such
bodies as sand, ground pumice, kieselguhr, French chalk, ultra-
marine, oxide of iron and other mineral colouring matters. It
is not possible to give here a scheme for the complete analysis
of such bodies; their isolation from the soap is best effected
by first digesting the soap with alcohol, separating out all
insoluble matter and treating this with cold water. Anything
left insoluble on such treatment must be bodies such as those
above named, with starchy matters. Their examination must
be conducted according to the ordinary rules of chemical -
analysis, plus a microscopical examination to detect kieselguhr.
As all the substances named above are such as are not altered
by heat, their amount may be ascertained by burning a known
weight of the soap in a crucible, digesting the residue with
hot water, filtering off any insoluble matter, drying, burning
this in a weighed crucible and weighing.
Carbolic Acid in Soap.—Sometimes it is desired to as-
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certain the amount of carbolic acid present in soap. To
effect this, 5 grammes of the soap are dissolved in water, and
a slight excess of caustic soda is added to make the solution
alkaline, the mixture is now shaken up with ether in a
separating funnel. After being allowed to stand, the aqueous
liquor is run off, and salt is added to throw out the soap;
this is filtered off, washed with salt brine, the washings
being added to the filtrate. It will be found best to make
up the volume of the filtrate to one litre. Five hundred c.c.
are taken and rendered slightly acid with dilute sulphuric
acid, and bromine water added in measured quantities until
the appearance of a yellow colour in the liquid shows that
the bromine is in excess. The quantity added is noted.
Then the bromine water must be standardised which is done
as follows: 5 grammes of good soap are dissolved with 0-5
grammes of carbolic acid. If pure carbolic acid has been used
in the preparation of the original sample, then Calvert’s No.
2 acid may be used for standardising; if crude carbolic acid,
then Calvert’s No. 5 should be used. This prepared soap is
treated as was the original sample shaken with ether,
rendered alkaline with caustic soda, thrown out with salt,
and made acid with sulphuric acid, finally testing with
bromine water: The quantity of the latter used in this case
represents 05 grammes of pure or crude carbolic acid, as the
case may be, and from it the quantity present in the original
sample may be calculated.

Medicinal and Colowring Matters.—Directions cannot well
be given here for the detection and determination of these
bodies, they are so numerous and require such special tests,
that no general instructions, such as could be given here,
would be of much service.

Rusin in Soap.—Rosin is used so much in the manufac-
ture of soap that it becomes of importance to be able to
ascertain its presence in any particular sample of soap, and
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to determine the amount. This is by no means easy, and
unless considerable care be exercised erroneous results are
easily obtained.

The only satisfactory direct test for rosin in soap is that
of L.ebermann-Storch. The fatty and resinous acids are
separated from the soap by means of sulphuric acid. The
acids are then dissolved in acetic anhydride with the aid of
a gentle heat, the solution being cooled down. A little
sulphuric acid of 153 specific gravity is then added, when,
if any rosin be present, a reddish violet coloration appears.
This is not permanent, but quickly disappears. If the
solution be warm the violet colour is not obtained, but a
yellow coloration appears. A small quantity of rosin can
be detected by it. Cholesterol or wool fat is the only sub-
stance which vitiates this test ; it may be removed from the
soap by means of ether.

For the quantitative determination of the amount of
rosin, two methods which give good results are available,
v12., Gladding’s and Twitchell's.

Gladding’s Rosin Test.—This test depends upon the fact
that resinate of silver is soluble in ether, while the oleate,
stearate, palmitate, etc.,.of silver are insoluble or nearly so
in that medium. This test may be carried out in the fol-
lowing manner: Five grammes of the soap to be tested
are weighed and dissolved with the aid of heat in as little
alcohol as possible, a small quantity of an alcoholic solution
of caustic soda is added, and the mixture gently heated on
a water bath. The object here is to ensure the complete
saponification of any free fat the soap contains, as if this be
not done such free fat will be ultimately extracted and
weighed as rosin. To the alcoholic solution of soap an
equal volume of ether and then about two grammes of
powdered silver nitrate are added and the mixture well
shaken. By this means the silver salts of the various fatty



ROSIN IN SOAP. . 363

and resinous acids are formed; the former are insoluble and
are thrown out as precipitates, while the resinate of silver
passes into solution in the ether. After standing about an
hour, the mixture is filtered direct into a separating funnel,
the residue in the funnel being washed with a little ether.
To the filtrate in the funnel is added water, a little sul-
phuric acid and petroleum ether. By the action of the acid
the rosin acid is liberated and passes into solution in the
ether. The aqueous layer is run off, the ethereal layer is
run into & weighed glass, the ether evaporated off and the
residual rosin weighed. As silver oleate is slightly soluble
in ether, the results, when oleates are present in the soap,
tend to be too high. A deduction of 000023 may be made
from the total weight of rosin obtained for each 10 c.c. of
ether used in the test.

Various modifications of Gladding's test have been pub-
lished from time to time, but the writer considers the above
to be the simplest method and as reliable as any. Itis not
the method originally published by Gladding, but has been
modified therefrom.

Twitchell's Test.—This test depends upon the fact that
when rosin is dissolved in alcohol, hydrochloric acid has no
action on it, while fatty acids under the same conditions are
converted into ethylic ethers which are soluble in water.
About three grammes of the mixed fatty and rosin acids are
accurately weighed and dissolved in 50 c.c. of absolute alcohol.
The use of absolute alcohol is essential, for if ordinary recti-
fied spirit of wine or methylated spirit be used the fatty
acids are but little acted on, and erroneous results are
obtained. The vessel (better, a flask) containing the solution
is immersed in a mixture of ice and water to keep it cool,
and a current of dry hydrochloric acid gas is passed through.
In about forty-five to fifty minutes the operation is complete,
the mixture is allowed to stand for one hour longer so as to
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ensure that the etherification of the oil acids be completed :
250 c.c. of water are added, and the mixture boiled for a short
time until it is clear. The mixture is run into a separating
funnel, and some petroleum ether added. The mixture is
shaken up, and then the contents of the funnel are allowed
to separate, the acid-aqueous layer is run off, the ether layer
is washed with hot water. Next there is added a solution
of half a gramime caustic potash in 5 c.c. alcohol and 50 c.c.
water. This dissolves out the rosin, but leaves any ethylic
fatty ethers dissolved in the petroleum ether. The aqueous
solution is separated from the ether, it is then decomposed
by adding a little sulphuric acid, and the separated rosin
collected by means of ether, and after evaporating off the
latter is weighed. A volumetric modification of Twitchell's
process has been described, but it is best to use the gravi-
metric method just explained.

It may be pointed out here that to ascertain the character
of the fats used in making a sample of soap is rather diffi-
cult. Attention should be paid to any particular odour the
separated fat acids may have. Then the melting point,
molecular weight and iodine value should be ascertained,
and from the results an opinion can be formed as to the
fats present.

The following are some analyses of various kinds of soap,
most of them being the work of the writer. In these analyses
the combined alkali is given as sodium (Na) in hard soaps;
potassium (K) in hard soaps. The frec alkali as caustic soda
(NaOII), or caustic potash (KOH), as the case may be :—

Giocd Curd Svap (Tallow).

Per Cent.
Water . . . . . . . S . . . 2384
Free alkali. . . . . . . . . . . 065
Combined alkali . . . . . . . . . 587
Salt . . . . . . . . . . . . 125

Fatty acid. . . . . . . . . . . 686)
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Water

Free alkali . .
Combined alkali
Free fat .
Combined fat
Rosin . . .
Salts . . .

Water

Free alkali
Jombined alkali
Salts .

Fatty mattor
Free fatty matter

Water

Free alkali
Combined alkali
Salts .

Rosin .

Fatty matter

Water . .
Combined alkali
Salts .
Glycerine, etc. .
Fatty matter

Marseilles Scap (M. nufactwers’).

Water . . .
Free alkali
Combined alkali
Salts . .
Free fatty matter

Combined fatty mattor

M ttled Svap (Manufacturers’).

Water . .
Free alkali
Combinel alkali
Salts .

Free fat
Combined fat

Primrose Soap.

.

Castile Soup.

Cold Water Soap.

Toilet Soup.

365

Per Cent.
3025
032
028
046
47-82
16:16
021

26'53
1:50
627
231
6287
052

24-62
0-44
688
058

22-36

4512

6-35
778
0-31
1°32
84:24

27-45
1-04
538
1-38
101
63-74

3862
1-92
466
498
1-54

4828
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Water .
Free alkali.
Combined alkali
Fatty matter
Salts . .

Water .
Silicate of soda .
Alkali. .

Fatty matter
Salts .

Water .
Silicate of soda .
Salts .

Colouring matter
Alkali, free
Combined Alkali
Fatty matter

Water

Free alkali
Combined alkali
Fatty matter

Water glycerine
Combined alkali
Free alkali
Fatty matter

Water glycerine
Free alkali
Combined alkali
Fatty matter

SOAP MANUFACTURE.

Pale Soap.

Stlicated Soap.

Mottled Soap.

Mottled Soap (Manufcclurers’).

Soft Soup (Lendin Mahe).

Soft Soap (Scotch Make).

Per Cent.
31-28
013
530
6261
073

22-08
3:45
540

6850
062

1426
2-14
1-21
082
062
416

4679

285
0-6
54

655

46-5
70
05

160

47-8
06
68

453
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APPENDIX A.

DENSITIES CORRESPONDING TO BAUME'S HYDROMETER FOR
LIQUIDS LIGHTER THAN WATER.

| B.e Density. B.° Density. B.° Density. B. Density. |
1

. 10 I 1000 | 23 0918 | 36 o890 | 490 | o7
1 . 093 | 260 o913 | 37  osse | 50 | o785
12 o09% | 25 o097 |38 oass | 51 | o

13 | 0980 26 0901 89 ' 0884 52 0777
14 ' 0973 27 0-896 40 0-830 53 0773
15 i 0967 28 ' 0890 41 0825 54 0-768

i 16 0-960 29 0-885 42 0820 55 0764
17 . 0954 30 0880 43 0816 56 0-760
13 0-948 31 © 0874 44 0-811 57 0757
19 | 0942 32 . 0869 45 0-807 58 0753

20 o093 | 33| oses | a6 owo2 | s o745 !
21 0930 34 ' 0859 47 ' 0793 60 0749
22 0924 35 0-354 48 - 0794

APPENDIX B.

COMPARISON OF HYDROMETER SCALES, BAUME AND TWAD-
DELL, FOR LIQUIDS HEAVIER THAN WATER.

y

. |
Specific - o Specitic o ° Specific
|B'° Tw. Gll-):vity. B Tw.> Gmity. B. Tw. Gl}':vity.
I I o
0o o 1000 |28 33 1190 | 461 936 1408 |
I 1 14 10007 |24 398 1199 | 47 966 1483 |
‘9 28 1014 25| 42 o 1210 | 48 996 1498 |
3. 44 ¢ 102 [206] 442 ° 1221 | 49 1024 1514
| 4 58 10020 |27 462 | 1231 | 50 ; 106 1:530
5 72 1086 | 28| 484 1242 | 51 . 1092 1546 |
| 6 89 10844 | 29| 506 1258 | 52 | 1126 1563
7! 104 1052 |30 528 . 194 | 53 116 1-580
C 8 12 1060 |81 55 1275 | 54 119, 1597
9 134 1067 |32| 572 | 126 |5 128 1615
10 15 1075 | 331 594 1297 | 56 1268 | 1-634
111" 166 1083 |8.| 618 . 1309 | 57 1304 1652
12 182 1091 §385| 61 - 1820 | 5% 1342 1671
13 20 110 |36 664 1332 | 59 © 1882 1-691
C14 216 11108 37! o 1385 | 60 1422 1711 !
15 232 1116 |33 714 1857 | 61 1461 1732 |
160 2 v 1123 |80 74 1370 | 62 1506  1-758
P17 268 1134 J40| 766 ., 1383 | 63 1548 1774
‘181 286 11143 41| 794 ' 1397 | 64 ' 1592 1796 l
19 304 . 1152 420 82 | 1410 | 65 ¢ 1638 1819 |
g0 322 11161 |43 1 8eR 1424 | 66 . 1692 1846 !
loa1, 342 11171 | 44! 876 1-438 - !
22 36 1180 | 45 . @06 1'453 !
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APPENDIX C.
COMPARISON OF DIFFERENT THERMOMETRIC SCALES.

Ceut. | Fahr. Cent. i Fahr.
-40 - 40 2 | 356
39 . 882 3 374
88 ' 364 4 332
37 346 5 41
36 328 6 428
35 31 7 446
84 232 8 46°4
83 ' 274 9 482
32 256 10 50
31 238 11 518
30 | 22 12 536
29 20-2 18 554
23 184 11 57-2
27 166 15 59
26 148 16 608
25 13 17 626
24 11-2 18 644
23 94 19 962
22 76 20 68
21 58 21 698
20 4 22 716
19 2:2 23 734
18 . 04 24 752
17 +14 z5 77
16 32 26 | 738
15 5 27 806
14 68 23 82-4
13 86 29 842
12 10-4 30 86
11 122 31 ' B78
10 14 +32 | +896
9 - 158 33 914
8 176 34 932
7 19-4 85 93
6 91-2 26 968
5 23 37 1 936
-4 +248 33 100-4
3 266 39 1022
2 2S-4 40 104
1 30-2 41 1058
0 32 42 1076
+1 33-R 43 1004

Cent.

44
45
46
47
48
49
w K}
51
52
53
54
55
56
57
58
59
60
61
62
63

Fahr. Cent. ! Fahr.
_ I
111°2 86 ‘ 1868
118 87 1886
1148 88 | 1904
1166 89 - 192-2
118+4 90 194
120-2 91 1958 -
122 92 1976
12388 93 1994
1256 94 201-2
1274 95 203
129-2 96 2048
181 97 2066
132-8 98 2084
1846 99 210-2
186+4 100 212
138-2 101 - 2188
140 102 | 2156
141-8 | +108 +217'4
1486 104 219-2
1454 105 221
147-2 106 2228
149 107 224-6
1508 108 2264
1526 109 2282
+154'4 | +110  +230
156-2 111 2318
154 112 2336
1598 113 2854
1616 114 237-2
1634 115 239
1652 | +116 +2408
167 117 2426
1688 118 244-4
1706 119 246-2
172+4 120 248
1742 121 2498
176 +122  +2516
1778 123 253-4
1796 124 2552
1814 125 257 !
183-2 126 2588 |
185 127 2606
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APPENDIX D.

TABLE OF SPECIFIC GRAVITIES OF FATTY OILS AT 15°C (60°F.).

0il. Weight of 1 gall. | Trade weight per gall.

Almondoil . . . . 0919 91b. 3 oz 9 1b.
Arachis (ground-nut) oil. 0920 9 , 3 , 9% .,
Castoroill . . . . . 0964 9, 9%, 9 .,
Coconutoil . . . . . 0925 9, 4 .

Cottonseed oil . . . . 0928 9, 4, 9 .
Linseedoil . . . . . 0982 9, 5%, 9% ,,
Oliveoil . . . . . .0915 9, 2%, 9
Palmoil. . . . . 09405 9, 6,

Rapeoil . . . . . . 0914 9 ., 2,

Sesameoil . . . . . 0923 9 , 4, | 9 .,
Lardoil . . . . . .0912 | w 2, 9 ,

9
Tallowoil . . . . . 0912 9, 2, ' 9
Neatsfoot 0il . . . . 0914 - 9, 2%, 9
Tallow. . . . . . .0940 9
Spermoil . . . . . 0883 | 8

w 6 ”
" 14 ” 8§ ”
Whaleoil . . . . . 0925 ! 9, 4, 9% .
Mimneraloil . . ... . G875 8 ,, 12 83 ,,
” L 0‘903'7 9 ” 1 ” ”
” w oo e . . . 0925 9, 4, 9 .,

In the summaries of the constants given under each oil, gravities at other
temperatures are given.
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APPENDIX E.

TABLE OF THE SPECIFIC GRAVITIES OF SOLUTIONS OF

Degrees
’l‘wa%irdell.

35
36
37
. 48
39
40
41
42
43

45
46
47
i 48

Specific

gravity.

1005
1010
1-015
1-020
1-025
1-030
1-035
1-040
1-045
1-050
1055
1-060
1-065
1-070
1-075
1-080
1-085
1050
1-095
1-100
1-105
1-110
1115
1-120
1-125
1:130
1-135
1-110
1145
1150
155
160
165
170
175H
180

p—— e b b

1-200
1-206
1-210
1-215

Per cent. by weight of

CAUSTIC SODA.

Lb. of actual
in 1 gallon of lye made from
commercial caustic of

: v 77 per 74 per 70 per
N0, NaOH i cent. | cent cent.

0368 0474 ' 0048 0046 0-043
0742 | 0957 | 0097 | 0092 0-087

11114 ' 1486 . 0146 ! 04181 0-129
1480 ; 1909 | 0194 0185 0°180
1-83¢ ' 23865 , 0248 | 0281 0-219
21194 | 2830 0291 | 0278 0-262
2521 | 8252 0335 | 0320 0-303
2964 |, 3746 0-389 | 0-871 0-350

3:244 4184 | 0488 | 0417 0°393
8590 : 4631 - 0486 0-461 0-438
3-943 5086 ' 0536 0510 0483
4-292 5-536 0-586 0-558
4°688 5982 0-636 0607 . 0573
4972 . 6413 0680 0653 ' 0617
5811 . 6911 0742 0707 0668
5648 7-285 0-786 0-749 0709
5981 7715 0836 0798 0755
6-311 8:140 0-886 0845 0800
6°639 8-564 0987 0894 0846
6954 ' 8970 0-986 0941 0890
7276 . 9-886 1037 0989 0-938
7594 9796 1087 | 1037 | 04981
7910 . 10-203 1-137 | 1-123 1-026
8223 10-607 11187 ' 14175 1-071
8533 . 11-107 1-288 1:181 1-117
8893 11-471 1-296 1287 1170
9-251 11933 1354 1292 | 1-222
9:614 12-401 1-418 1-350 1-277
9-965 12:844 1-470 1413 1-337
10-313 13-303 1-529 1-460 1-381
10°666 13-859 1-600 1528 1-445
11-003 14:190 1-646 1-541 1°456
11347 14637 1-705 1627 1-539
11691 15081 1-764 1-684 1-593
12025 15512 1-822 1-739 1645
12:356 16189 1-904 1'817 1-719
12:692 16372 1042 1853 ~ 1-753
13°016 16-794 1-998 1'887 : 1'80t
13-339 17203 2:055 14962 | 1-R56
13660 17629 2122 . 2026 ' 1916
14058 18183 2:185 2:085 1-973
14438 18:618 2252 2147+ 2:088
14823 19-121 2-8324 2:221 2-097

16-692 21-532 o+ 2:66Y 2-548 2:410

157124 19-613 2399 2280 | 2-161

15602 19997 . 2444 2338 , 2:206

15959 235806 2562 2417 ' 2285

16290 20-996 2-593 2:475 | 2:341
1
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Lb. of actual NaOH contained

i commercial caustic of

- i
! 74 per 70 per

| v « 77 per
Na0. , NaOH. cent. . cent. cent.
_ ' I i i
17-060 I 22:008  2:789 || 2615 I 2474
17-424 ' 22:476 2809 . 2681 2:536

17800 | 22962 2881 . 2750 | 924602
18166 @ 23433 2952 | 2818 | 2666
18529 ' 23901 « 3020 = 2886 , 2780

18897 | 24876 ° 8095 ' 2955 2795
19255 ' 24858 8171 | 8027 2-863
19609 | 25295 | 8-287 3-090 2-982
19961 25750 3308 | 3158 2-958
20318 . 26210 . 8881 ' 3-227 8-053

21-1156 | 27110 | 8-524 3394 | 8182
21405 ' 27611 , 38-608 8-439 | 8-253
21-785 28-105 3-682 3514 ;. 8-224
22-168 | 28-595 I 8-760 8-593 3-895
22-556 29-161 8849 | 38674 8-475
22926 ' 29574 8919 ' 8742 8-5689

1
|
20655 | 26658 ‘ 8:452 l 3-364 8117
1
|

23810 | 80058 | 3-997 8-816 3:610
23670 | 80-585 ' 4-072 8891 : 8681
24046 . 314018 ' 4156 8967 8-754

24765  81-948 4812 4116 8-804
25:152 | 82-446 4896 | 4196 3-970
25526 , #2930 4478 | 4274 40438
25901 83415 4561 4854 4109
26285 | 33905 | 4645 | 4484 | 4194
26:650 | 84:882 = 4728 | 4-513 | 4-269
27021 | 34855 4810 4592 ' 4344

24-410 31-490 ' 4-282 : 4042 | 3-824
i
|

27-385 | 35-828 4893 . 4670 4418
27-745 ¢ 85795 4975 4794 4-498
28110 ' 36258 | 5058 4-828 4-567

!
28465 86720 5141 | 4907 ' 4642

i

i

28-836 87208 = 5227 4-989 4720
29208 ' 37674 5312 5071 4797
29-570 38-146 5-897 5135 4873

29930 39610 5482 | 5238 . 4950
3025 BOOTL 5567 | 5814 . 5027
30645 89530 5633 5396 | 5104
30995 8908 5738 5467 5181
81349 10435 5H23 5058 5258
31700 40882 5908 5610 ' 5335
32043 41835 5023 A7 5412
32460 41875 6093 5RIG 5502

32870 42400 6191 5909 . 5608
33293 42935 6290 6004 | 5679 |
33605 43467 63BN G009 5969
34002 43980  GNT 6193 . 5856
34500 415056 658G | GONT . 5948 !
34899 45013 © 66N> . 6381 6085 |
85248 45530 GTRE 6476 6126 -
O YR G T
36081 46545  GUS2 |, 6665 ' 6308
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APPENDIX F.

TABLE OF STRENGTH OF CAUSTIC POTASH SOLUTIONS AT 60°F.

Specific | Degrees | Per cent. Lb. of KOH
gr!:):vity. Twa.gdrdell. KOH. ' gal. per
1:060 2 559 059 .
1110 -£2 11:81 1:35 R
1150 -80 1548 177
1:190 38 1929 221 .
' 1-230 46 23-22 284 -
i 1-280 56 27-87 856 |
| 1330 66 31-82 416 !
| 1:360 72 85-01 476
1890 ' 78 38-59 536
| 1420 | 84 4097 581 i
1440 88 - 4388 631
1:470 94 | 4716 693
1520 104 | 5109 776
1-600 112 | 5562 889
1680 186 6098 1024
1-780 156 6765 1204
1-880 176 7574 14-28
2:000 200 86-22 17-24

APPENDIX G.

TABLE OF AMOUNTS OF ALKALI REQUIRED TO SAPONIFY

OILS.
0il. Per cent. of NaOH. Per cent. of KOH. 1
]
Olive oil . . . 1356 to 1391 191 t0196 |
Almond oil . . i 13-82 |, 13-92 ) 19-47 ,, 19-61 .
Ground-nut oil l 1356 ,, 13:98 i 19-18 ,, 1966
Sesame oil . . 13-49 ,, 13°66 ! 19 . 19°24
Cotton oil . . . 13:56 ,, 13-92 191 ,, 1966
Linseed oil . . . 13-30 ., 1385 1874 ,, 19:52
Whale oil . . . 13-38 ,, 1592 18-85 ,, 22-44
Coconut oil . . ' 1748 ,, 1905 2462 ,, 2684
Palmnut oil . . . 1562 ,, 17°51 22 ,, 2476 !
Tallow . . . L 1370 ,, 1405 1932 ,, 198
Palm oil . . . 1392 ,, 1444 1963 ,, 20-85
Castor oil . . . 12:49 |, 12:88 ' 176 ,. 1815
Rosiu . . . . 12:07 ,, 1366 I 17 » 19°8
I




APPENDIX H.

TABLE OF THE SPECIFIC GRAVITY AND PERCENTAGE
CONTENTS OF COMMON SALT SOLUTIONS AT 15°C.

APPENDICES.

|
i
|
|
i
i
i

Specitic
gravity.

l Degrees !Percent.
i Twaddell. | of salt.

1-:00725
1-01450
1-02174
102899
1-03624
1-04336
1-05108
1-05851
106593
107885
1-08097
1-08859
1-09622
1-10384
1-11146
1-11988
1-.2780
1-18528
1-14815
1-15107
1-15981
1-16755
1-17580
118404
1-19228
1-20098

|
|
l
|
|
|
|
|
|
|

22-8

R8EEESBILS
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APPENDIX L

TABLE SHOWING AMOUNT OF LIME IN MILK OF LIME,
(Calculated from Blattner.)

Degrees Grms. CaO | Lb. CaO Degrees | Grms. CaO | Lb. CaO per
Twaddell. per litre. cubic foop::r Twmell. per litre. | cubic foop.t;

2 11-7 07 28 | 177 1141

4 24-4 15 30 I 190 119

6 871 28 s2 ! 28 127

8 49-8 31 34 216 185
10 625 39 36 | 229 148
12 752 17 88 242 151
14 879 55 40 255 159
16 100 63 42 268 16-7
18 113 71 44 281 17-6
20 "126 79 46 204 184
22 138 87 48 307 192
24 152 95 50 321 200
26 164 103

APPENDIX K.

TABLE OF SPECIFIC GRAVITIES AND STRENGTHS OF AQUEOUS
SOLUTIONS OF GLYCERINE.

i 1
Specific gravity ] Per cent. of | Specific gravity  Per cent. of
15¢C. glycerine. 15°C. glycerine.

12650 l 100 11990 ! 75
12625 99 11855 : 70
i 1-2600 : 98 111715 | 65
I 12575 : 97 1:1570 60
1-2550 96 1-1480 ' 55
12525 95 1:1200 50
12499 . 04 1-1155 . 15
1-2473 | 93 1-1020 40
1:2447 ! 92 10885 35
1-2421 a1 1-0750 30
1-2395 90 1:0620 a5
1-2341 BB 1-0490 20
1-2287 K6 1:0365 - 15
1-2233 84 1:0240 10

12179 H2 roizo | 5

12125 : ~0 |

|
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The bottom is made movable inside the frame, and is fitted
with a screw arrangement worked by a chain gearing from
one end of the frame, by means of which it can be moved
up and down the frame. In use the frame is filled with the
soap paste, and when this has become cold and set, by work-
ing the chain and screw gearing the block of soap can be
pushed up out of the frame. At this point comes in the use
of the slabbing arrangement. This consists of a framework
that can be securely fitted to the sides of the frame. This
framework carries first a gauge which regulates the extent
to which the block of soap is lifted up, and second two cutting
wires that travelling along cut two slabs off the block of
soap that has been forced above the edge of the frame. The
block is then forced up to a certain height as measured by
the gauge referred to, then it is cut by drawing the wires
along; the slabs thus cut are removed; the block further
pushed up, and now drawing the wires back two more blocks
are cut off. These operations are repeated until the whole
of the block of soap has been cut into slabs. By the use of
this new frame, the framing and slabbing of soap is much
simplified and carried on more economically and efficiently
than by the older methods.



Acetic acid, 61.
Acid, Acetic. 61.

— Acrylie, 63.
Angelic, 63.
Arachidic, 61.
Behenic, 61.
Brassaidic, 63.
Brassic, 63.
Butyric, 61.
Capric, 61.
Caproic, 61.
Capryllic, 61.
Cerotic, 61.
Cimicic, 63.
Cocinic, 61.
Crotonic, 63.
Damaluric, 63.
Damolic, 63.
Doeglaidic, 63.
Doeglic, 63

Elaidic, 63.
Enanthylic, 61.
Erucaidic, 63,
Erucic, 63.
Formige, 61.
Gaidic, 63
(reocenc, bl
Hypogeric, 63,
Isolinolenic, 64.
Jecoric, 64.
Lauric, 61.
Lignocerie, 61.
Linolenic, 64.
Linolic, 64
Margaric, 61.
Medullic, 61,
Melissic, 61.
Moringic, 63.
Myristic, 61.
Myristolic, 64.
Oleie, 63, 153.
Palmitic, 61.
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Elzomargaric, 64.

INDEX.

i Acid, Palmitolic, 64.

— Pelargonic, 61.
Pentadecatoic, 61.
Physetoleic, 63.

Pinic, 1566.
Propionie, 61.
Pyroterebric, 63.
Rapic, 64
Ricinisoleic, 64.
Ricinoleic, 64.
Stearic, 61.
Stearolic, 64.
Sylvic, 166.
Tariric, 04.
Tridecatoie, 61.
Valerianic, 61.
Aclds, Fatty, 60.
| Acrolein, 55, 58, 318.
' Acrylic acid, 63,
Action of alkalies on fats, 7.
— of hard waters on soaps,
i 174
— of soap, 3.
I — of water on soap, 4
Air bleaching of oils, 102.
1 Alizarine oil, 144.
Alkali, 7.
— in soap, Analysis of, 337.
— —  Free, 339.
— metals, 8.
Alkalies and fats, 225.
— on fats, Action of, 7
!Alkalimetry, 38.
Almond oil, 94.
—  soap, 269, 271, 278.
.Ammoma soda, 17.
Analysis of, 17.
process, 16,
Analyser of dry soaps, 315.
— of soaps, 294.
IAnal\ sis of alkalies, 38.
—  of ammonia ~oda 17.
--  of black ash,
- . quuor, 13.
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Analysis of caustic potash, 44. Brine, 50.
— — soda, 21, 44. — Strength of salt, 50.
—  of lime, 53. Brown soap, 239.
—  of potash, 43. + — Windsor soap, 267, 249,
— of gomssium carbonate, 270, 271, 278.
43. i
—  of pressure soap, 190. | C.

—  of soda ash, 43,

— —  crystals, 16.

—  of sodium carbonate, 43.
Angelic acid, 63.
Anglo-American oil pressing, 86.
Animal fats, Rendering, 68.

— oils and fats, Occurrence'

Cacao butter, 146,
Calico- prmter s soap, 293.
Capric acid, 61.

Caproic ncld 61.
Capryllic a.cid, 61.
Caraway oil, 160.

of, 66. Carbolic acid in soap, 360.
—  soap fats, 121, —  soaps, 296.
Anise, 158. | Carbonates in soap, Analysis of,

342,

Antimonial soap, 300. 106,  Cassia oil, 160.

Apparatus for oil extracting,

Castile soap, Analysis of, 365
ﬁ;:gﬁ:glg“mi:f 61. 1 Castor oil, 94, 142. _
Arsenical soap, 297. - ‘(])tg;tllséols%?i'on of. 143
Artificial musk, 167. — Constants of, 145.
B — in soap, 357.
* — soap, 144.
Barring machines, 201. Caustxcmng soda, 18, 23.
Behenic acid, 61. “Caustic lye tanks, Capacities, 179.
Bennet & Gibbs’ process, 263. -- lyes, 178.
Ben oil, 94. - potash, 9, 35.
Benzoic soap, 300. - Analysis of, 30, 44.
Bergamot, 159. - - and fats, 38,
Bicarbonate of soda, 10. - - lves, Strength of,
Bitter almond oil, 159, 37.
Black ash, 11. -- -— properties, 3b.
-- — Analysis of, 12 — . soda, 9, 18.
— liquor, 13. - -~ Analyses of, 21, 4-4

BIem‘hm«7 oil by air, 102. — - and fats, 31.

— oils, 102, - = J)ls»olvmg 26.

— oils by bichrome, 103. | — - lyes, 25,

Blue mottled soap, 240. b= —  — Strength of, 23,
Boiling on strength, 234, ' -- - manufacture, 18, 22,
—  soap. "28 - Properties of, 27.
Bone boiler, 77. - - Qualities of, 20.

—- grease, 120, tanks, 26.
tallow, 77. Cerotic acid 01.
Borax, 46. Cimicic acid, 63.
—- dry soap, 314 Cinnamon oil, 161.
- - in soap, 358. , Citronelle, 161.

- Analysis of, 342, Citron soap, 269, 278.
soap, 301, i Clarifying oils, 95.

Bouquet goap, 269, 273, 278 ; Clear boiling of roap, 234.

Brassaidie acid, 63, (loves oil, 162.

Brassic acid, 63, Cocinice acid, 61,
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Coconut oil, 94, 128.

— acids, 132,

— Composition of, 130.

— Constants of, 131.

— Saponification of, 131.

— soap, 129, 133.

er soap, Analysis of, 365.
soaps, 300.

Cold process of soap-making,
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Cold-wat.

Coloured toilet soaps, 275.
Colouring matters for soaps, 275.
soaps, 282.
toilet soaps, 273.
Colza oil, 94.
Common pale soap, 236.
salt, 10, 49.
soap, 239.
toilet soap, 267.
Composition of oils and fats, 53.
of soap lyes, 317.
Constituents of soap, 334.
Coriander oil, 162,
Corn oil, 146.
Constants of, 146.
Cottonseed oil, 134.
acids, 138.
composition, 137,
Constants of, 138,
refining, 136.

- - soap, 137.
Crotonic acid, 63.
Crown pale soap, 238.
Crushing soap, 213, 276.
Crutching soap, 215.
Crystal carbonate, 10.
soda, 10.
Curd soap, 241.

D.

Damaluric acid, 63.

Damolic acid, 63.

Decorticating oil seeds, 92,

Disinfectant dry soaps, 314.

soaps, 297.

Doeglaidic acid, 63.

Doeglic acid, 63.

Domestic soaps, 224,

Dr. Leeds’ scheme of soa
sis, 351.

Dry soaps, 311.

Drying oils, 55.

soap, 212, 223,

p analy-
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B.

Eleeomargaric acid, 64.
Elaidic acid, 63.

Elderflower soap, 280.
Emollient soaps, 300.
Enanthylic acid, 61.

English system of oil pressing, 80.
Erucaidic acid, 63.

Erucic acid, 63.

Ess-bouquet soap, 280.
Essential oils, 56.

Extracting oil by solvents, 105.
Extraction of oils and fats, 67.

F.

Factors for volumetric analysis,

' Farrier's soap, 301.

! Fat blower, 181.

|- boilers, 72.

- in xoap, Analysis of, 345.

— melting tanks, 180,

Fats, \Action of alkalies on, 7.
and alkalies, 225.
and caustic potash, 38.

soda, 31.

and oils, 54,
Composition, 55.

60.

Linolenic series of, 64.
Linolic series of, 64.
Oleic series of, 63.
Ricinoleic series of, 64.
Stearic series of, 61.
matter in soap, 34i.
Filled soaps, 241.

Filling cold-process soaps, 257.
, Filtering oils, 96.

Filter press for oilg, 96,

Fire soap kettles, 182,
, Fitted soaps, 235.

Floating toilet soap, 300.
“Flower soap, 280.
 Fobbing, 229,

Foot stamping presses, 207.
Formie acid, 61.

Free alkali in xoap, 339.
Fuller’s earth soap, 301.
grease, 100,

G.
Gaidic acid, 63.
“Geoceric acid, 61,

Fatty acids,
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Geranium oil, 162.

Gladding’s rosin test, 362.

Glauber’s salt in soap, 358,

Glycerides, 59, 65.

Glycerine, 7, 57.

Composition of, 318.

in fats, 226.

in oils and fats, 316.

in soap, Analysis of,
349.

soap lyes, 316.

Properties of, 58, 317.

recovery from  soap
lyes, 319.

soap, 272.

Solubility of, 57.

solutions, Strength of,
317.

Glycerol, 59, 318.

Glyceryl, 58, 318.

Golden pale soap, 238.

Ground-nut oil, 94.

— in soap, 356.

H.

Hadfield’s soap frame, 375.
Hand soap press, 205.
Hard soap, 228.

— white soap, 258.
Hardness of water, 174.
Heliotrope soap, 269.
History of soap, 1.
Honey soap, 270, 272, 279.
Hydrated soaps, 262.
Hydraulic oil presses, 89.
Hydrocarbon oils, 56.
Hydrolysis of soap, 4.
Hypogeic acid, 63.

L

Indicators, 42.
Industrial soaps, 289.
Iodine soap, 301.
Iron soap frame, 192.
Isolinolenic acid, 64.

J.
Jecoric acid, 64.

K.
Kocttstorfer test, 248.

INDEX,

L.

. Lacmoid, 43.

| Lard, 119.

acids, Constants of, 120.

Constants of, 120.

oil, 123,

Laurel butter, 94.

oil, 94.

Lauric acid, 61.

Laurin, 66, 247.

Lavender oil, 163.

Laying out a soap factory, 326.

Leblanc soda process, 11.

Leeds’ scheme of soap analysis,
361.

Lemon soap, 272.

Lignoceric acid, 61.

Lime, 52

Analysis of, 53.

Linolein, 66.

Linolenic acid, 64.

series of fatty acids, 64.

Linolic acid, 64.

series of fatty acids, 64.

Linseed oil, 94, 138.

— acids, 142.

— Composition of, 141.

— Constants of, 142.

— soaps, 141.

Liquid glycerine soap, 300,

Litmus, 42.

Maize oil, 94, 146.
Manufacture of soda, 11.
Manufacturers’ soaps, Analysis of,

Margaric acid, 61.

Marseilles soap, Analysis of, 365.

Medullic acid, 61.

Melissic acid, 61.

Melting soap fats, 180.

Mercurial soap, 297.

Methods of soap-making, 227.
Methyl orange, 42.

Milk of lime, 52.

Strength of, 52.

- Milled toilet soaps, 273.
Millefleur soap, 279.

{ Milling soap, 211, 292.

+ Mineral matters in soap, 357, 360.

oils, 56.

soap stock, 243.
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Morgan’s soap frame, 194.
Moringic acid, 63.
Mottled soap, Analysis of, 365.

—  soaps, 239.
Musk, 165.

— Artificial, 167.

— Baur, 167.

— oil soap, 280.

— Tincture of, 167.
Mustard-seed oil, 94.
Myrbane, 168.

Myristic acid, 61.
Myristolic acid, 64.

N.

Naphthol soap, 296.
Natural waters, 173.
Nature of soap, 2.
Neroli oil, 163.
Niger oil, 94.
Nitrobenzene, 168.
Non-drying oils, 55.
Nut oil, 94.

0.

Oatmeal dry soap, 314.

Occurrence of animal oilg, 66.
— of vegetable oils and

fats, 67.

Oil, Almond, 94.

Anise, 158,

Arachis, 94,

Ben, 4.

Bergamot, 159.

Bitter almond, 159.

Caraway, 160.

Cassia, 160.

Castor, 94, 142,

Cinnamon, 161.

Citronelle, 161.

Cloves, 162.

Coconut, 94, 128,

Colza, M.

Coriander, 162,

— Corn, 146.

— Cottonseed, 94, 134.

filters, 96.

foots, 101.

Geranium, 162,

Ground-nut, 4.

Lard, 123.

Laurel, 94.

Litrrrrrrnrid

Frrrr
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Qil, Lavender, 163.

Linseed, 94, 138.

Maize, M4, 146.
Mustard-seed, 94.

Neroli, 163.

Niger, 94.

Olive, 94, 132,

Orange, 164.

Palm, 94, 123.

— nut, 127,
Poppy-seed, 94.
Rape, 94, 147.

Rose geranium, 162.
Sassafras, 164.
Sesame, 94.

Star anise, 164.

Sun flower-seed, 94.
Tallow, 117, 121.
Walnut, 94,

Whale, 149.
Winter-green, 164.
Qil seed crushing, 80.

— grinding, 82,

— heating, 83.

— presses, 84.
Oils and fats, d4.
Composition, 55.
Glycerine in, 316.

— Clarifying, 9.
— Vegetable, %4.
Oleic acid, 63, 153.

—_ roap, 259.
Olein, 7, 65, 246.

Oleine, 144, 155.
Olive oil, 94, 132.

— acids, 134.

—- Constants of, 134.
Orange flower soap, 279.
— oil, 164,

—  soap, 273.

P.

-
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. Pale household soap, 244,

| — soap, 258.

i Analysis of, 366.
Palmitic acid, 61.

Palmitin, 7, 65, 247.

Palmitolic acid, 64.
Palm-kernel oil, 127,

! Palm-nut oil, 127.

acids, 128,
Composition of, 127.
Constants of,.128,
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Palm oil, 94, 123. Refining oils by caustic soda, 99.
— acids, 126. Reichert test for coconut oil, 354.
— Composition of, 125. Remelting soap, 219.

—_ Constants of, 126. — toilet soaps, 268.
— soap, 126. Rendering animal fats, 68.

Paraffin dry soap, 314. — tallow, 68.

— oils, b6. Revolving soap press, 210.
— soap, 241. Ricinisoleic acid, 64.

Pearlash, 33. Ricinoleic acid, 64.

—  Analysis of, 34. —  series of fatty acids,

Pelargonic acid, 61. 64.

Pentadecatoic acid, 61. Rock salt, 49.

Perfumes, 168. Rose geranium oil, 162.

Petroleum oils, 56. — soap, 272, 279.

— soap, 241. Rosin, 155.

Phenol phthalein, 43. —  boil, 236.

Phosphate of soda, 47. — Composition of, 156.

Physetoleic acid, 63. — Gladding test, 362.

Pinic acid, 156. — in soap, 361.

Planning a soap factorv 326. — Liebermann-8Storch test,

Plodding machines, 277. 362.

Poppy-seed oil, 94. —  Twitchell's test, 363.

Potash, 9. soaps, 157.

—  Silicate of, 47. Runmngﬂ, 243.
Potashes, 32.
— Ana.lvsns of, 34. 8.
— ualities ot‘ 33. . .
Potassm% 8, 31. Salicyl soap, 300.
— carbonate, 9, 32. Sall so%n., 10.
— —  Analysisof, | Salt, 49.
43, — br;\ne,I?O.
_ _ : — cake, 11.
of. 35. Properties Salting out, 231.
7 _ Solubility Salt in soap, Analysis of, 369.
of. 35. ' — —  making, 51
Pressing vegetable oils, 7 -~ solutions, Strength of, 50.
Pressure soap boilers, 189, Qnmplﬁmg soap‘ f'()r analysis, 335.
o soaps, 2h8. Sand in soap, 360.
Primrose houschold soaps, 244, —  soaps, 208.
_ sonpx, 238. Santal soap, 269, 278.

— " Analysis of, 363. apnmtu ation, 66, 224.
l’ropmnn acid 61. u"g:g ok reSSue,
Pyroterebrie acid, 63. Sassafras oil, 164. 263

R. I Saturated solutions, 172,

' Screw oil press, 86.
Ralston’s slabbing machine, 197, |Selmcn- acid, 55,

Rape oil, 94, 147. “Sesame oil, 04,
soaps, 147, |\ha\mg mapc 279, 298.
Rapic acid, 64. i Nilicate of potnnh 47.
Recovered greases, 149. — of soda, 47.
Refined alkali, 10. = e in soap, 359.
Refining oils, 94, -Silicated soap, Analysis of, 366.

—  — by acid, 97, — soaps, 243.
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Silicated soft soap, 309.

Silicates in soap, Analysis of, 342
Silk soap, 295.

Skin soaps, 300.

Slabbing machine for soap,

197,
soap, 196.

Soap, Action of, 3.
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|
Almond, 269, 271, 278. '
analyses, 364.
analysis, 334.
Alkali, 337.
Borax in, 342.
Carbonates in 8oap,;
342.
Dr. Leeds’ scheme,
351. i

Fat in, 345. i
Free fat, 345. |
Glycerine, 349. I
Salt, 349. '
%amplmg for, 335.
Silicate of soda,|
342.
Starch, 3561.
Sugar, 350.
Sulphates in, 343.
Water in, 33{»
Antlmomul 300.
Arsenical, 297. !
barring muchines, 200.
Benzoic, 300.
Blue mottled, 240.
boilers, 182.
boiling, 228.
Borax, 301.
dry, 314.
Bouquet, 269, 273, 278.
Brown, 239. |
Brown Windsor, 267 269.
270, 278. =
Calico-printer’s,293. I
Carbolic, 296. I
Castile, 238. .
Citron, 269, 278. |

Pl

L

Cold water, 300.

colours, 275, 282.

Common, 239.

pale, 236. i
— toilet, 267. |

Crown pale, 238.

crushing machines, 214.

Curd, 241.

cutting machine, 212,

Dry. 311.
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Soap-drying machine, 212, 223,

Elderflower, 280.
Emollient, 300.
Ess-bouquet, 280.
factory, Laying out a, 326.
Farrier’s, 301.

fats and oils, 54

Filled, 241.

Floating toilet, 300.
Flower, 280.

frame, Hadfield’s, 375.
Morgan’s, 194.
Whitaker’s, 193.
frames, 190.

Iron, 192.

Wood, 191.
Fuller’s earth, 301.
Glycerine, 272.

Golden, 239.

pale, 238.
Heliotrope, 269.

History of, 1.

Honey, 270, 272, 279.
Hydrolysis of, 4.

Iodine, 301.

kettles, 182.

Lemon, 272.

Liquid glycerine, 300.
lyes, Composition of, 317.
Glycerine in, 316.
Ricl%vering glycerine,

machinery, 179.
makers’ alkalies, 6.
making under pressure, 258.
Mercurial, 297.
Mllleﬂeur, 279.
Milling, 292.
Mottled, 239.
moulds, 210.

Musk oil, 280,
Naphthol, 296.
Nature of, 2.
Oatmeal, dry, 314.
Oleic acid, 259.
Orange, 273.

flower, 279.
Pale, 258.

household, 244.
Paraffin, 241.

dry, 314.
Petroleum, 241.
plodding m,u.hme, 215.
powders, 311.
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Sonp, Pressure-made, 258.
Primrose, 238.
household, 244,
Properties of, 59.
umps, 221.
ose, 272, 279.
Salicyl, 300
Sand, 298.
Santal, 269, 278.
Shaving, 279, 298.
Silicated, 243.
Silk, 295.
Skin, 300.
Soft, 301.
Solubility of, 5.
squeezing machine, 215.
Sulphur, 297.
Superfatted, 301.
stamping machines, 203.
Standard dry, 314.
Stock, 281.
Tannin, 300.
Tar, 297.
Thymol, 300.
Tooth, 298.
Transparent, 287,
Violet, 271, 279.
waggon, 199.
White, 258.
Castile, 238.
hard water, 258.
Windsor, 267 270,280. |
Wool, 290.
XX crown pale, 239.
XX household, 244.
Yellow domestic, 258.
Soda, 9.
ash, 10.
Analysis of, 15.
Qualities of, 14.
erystals, 10, 15,
Analysis of, 16.
in soap, 357.
manufacture, 10.
Silicate of, 47.
Sodium, 8.
borate, 46.
carbonate, 9.
Analysisof,43,"
Properties of,
17.
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10, 49.
in soap, 349.
pho=plinte, 47.

chloride,

INDEX.

Soft soap, 301.

Analysis of, 366.
Soluble oil, 144.

Solubility of soa

Solvent action OP water, 171.
Solvents of oils, 105.

Squeezing soap, 277.

Stamper oil press, 85.

Standard dry soap, 314.

sulphurlc acid solution,

- Star anise 011 164

, Starch in soap, 351.

Analyxis of, 351.

Steam soap pans, 183.

stamping press, 208.

: Stearic acld 61.

) ' Stearin, T bo 247.

.Stenrollc 801d 64.

Stock toilet soaps, 281.

Strength of glycerine solutions,
317.

Sugar in soap, 350.

Anal\sls of, 350.

X hulphates in soap, Ana.lvsu of, 343.
Sulphur soap, 297.

i Sunflower-seed oil, %4.

Superfatted SOApS, '301.

Sweet spirit of oils, 87, 317.

. T.

‘ lablct of caustic potash lyes, 37.
soda lyes, 28,

glycerine solutions, 57.

salt solutions, 50.

strength of milk of lime,

52.

Tablet-cutting machine, 203.

stamping presses, 203.

Tallow, 113.

acids, 119.

Adulterations of, 117.

Compuosition of, 116.

Constants of, 119.

Yo — il 117, 122,

Pressed, 117.

Rendering, 68.

soap, 118,

[ Tannin soap, 300.

Tar soap, 297.

, Tariric acid, 64.

Testing caustic potash, 44

soda, 44.
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Testing potash, 43.

potassium carbonate, 43.

soda ash, 43.

sodium carbonate, 43.

Thymol soap, 300.

Tincture of musk, 167.

Toilet soap, Analysis of, 365.
— machinery, 211.

soaps, 266.

Tooth soap, 298.

Tower salts, 11.

Train oil, 168.

Transparent soap, 287.

soaps, 285.

Tridecatoic acid, 61.

Turkey red oil, 144.

V.

Valerianic acid, 61.

Vegetable oils, 94.
— and fats,
rence of, 67.

Violet soap, 271, 279.

Volllr‘x;etric analysis, Factors for,

Occur-

Volumetric analysis indicators,
42.
Volumetric analysis solutions, 40.

w.

Walnut oil, 94.
Washing crystal, 315.
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Water, Action on soap, 4.

as a s0ap material, 170.

Composition of, 170.

Effect of hardness on soaps,
174.

— in soap, Analysis of, 336.

Properties of, 171.

Softening, 175.

Solvent action of, 171.

Waters, Hardness of, 174.

Natural, 173.

Whale oil, 148.

— soaps, 148.

Whitaker’s soap frame, 193.

White Castile soap, 238.

hard-water soap, 258.

soap, 258.

Windsor soap, 267, 270, 280.

Winter-green oil, 164.

Wood-ashes, 32.

Wooden soap frames, 191.

Wool grease, 153.

oil, 165.

soaps, 290.

X.

XX crown pale soap, 239.
— household soap, 244.

Y.

Yellow domestic soap, 258.
Yorkshire grease, 160.
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Inks.

THE CHEMISTRY OF PIGMENTS. By Ernest J. PArry,
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Eighty-nine Colours, speoially prepared from the Reoipes given
in the Book. 136 pp. Demy 8vo. Price 7s. 6d. net. (Post free,
7s. 10d. 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' guic 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
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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 Pngments. A Text-book for Manufacturers, Merchants, Artists
and Painters. By Dr. Joser 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.)

COntents.

Introductis ical i of Pnﬁmcnu—lhw Materials Emplo, in
the Maauf ol ﬁl Assi unds—The Manufacture
ot Mineral Pigments— Muuhctun of Wh:te Lead—Enamel ite—Washing Apparatus
— Zinc_White — Yellow Mineral Pigments —Chrome Yellow—Lud Oxlde ts —
Other Yellow Pigments—Moseaic Gold—Red Mineral Pig The M re of Ver-
milion—Antimony Vermilion—Ferric Oxide Ptgments—Other Red Mineral Pigmu—
of Cassius—Blue Mineral Pigments—Ultramarine —M of Ul ine — Blue

Copper Pigments—Blue Cobalt Pigments—Smalts—Green Mmenl Pigments—Emerald
Green—Verdigris—Chromium Oxide—Other Green Chromium Pigmen reen Cobalt Pig-
ments—Green Manganese Pigments—Compounded Green Pngmcnto—\holct Mineral
ments—Brown Mineral Pigments—Brown Decomposition Products—Black Pigments—Manu-
facture of Soot Pigments—Manufacture of Lamp Black—The Manufacture of Soot Black
wnthout Clgmbm—lndm Ink—Enamel Colours—Metallic Pigments—Bronze Pigments—
ronze P
honaxr- OF ORGANIC ORIGIN—Lakes—Yellow Lakes—Red Lakes—Manufacture of
Carmine—The Colouring Matter of Lac—Safflower or Carthamine Red—Madder and
its Colouring Matters—Madder Lakes—Manjit lndnn Madder)—L:chen Colouring Matters—
Red Wood Llwo Colouring Matters of ood and Other Dye Woods—Blue
Lakes—Indigo Carmine—The Colouring Matter of Wood—Green Lakes—Brown Organic
Pigments—Sap Colours—Water Colours—Crayon! fectlonery Colours—The Preparation
of Pigments for P: —The B of Pij Examination of The
Tatln§ of Dye-Woods—The Dwg: of a Colour Wo! mmercial Names of Pigments—
ix : Conversion of Metnc to English Weights and Measures—Centigrade and Fahreaheit
ermometer Scales—Index.

RECIPES FOR THE COLOUR, PAINT, VARNISH, OIL,
SOAP AND DRYSALTERY TRADES. Compiled by
AN ANaLYTICAL CHEMIST. 350 pp. Demy 8vo. Price 7s. 6d. net. (Post
free, 8s. home ; 8s. 3d. abroad.)

Contents.

Pigments or Colours for Paints, Lithographic and Letterpress PnntlnLluh. etc.—~
Mixed Paints and Preparations for Paint-making, Painting, lee-wuhmg. perhanging,
etc.—Varnishes for Coach-builders, Cabinetmakers, Wood-workers, Metal-workers, Photo-
gapherl, etc.—Soaps for Toilet, Cleansing, Polishing, etc. —Perfumeo-—l.ubﬂatmg Gmau.

ils, etc.—Cements, Pastes, Glues and Sther Adhesive Pr«e;mr:mon-—Wl'mng‘°

Endorsing and Other lnks—Soalmg-wu -nd Office Requmten—-Pnpantlom Llundry.
Kitchen, Stable and G Uses Preparations—Miscellaneous
Preparations—Index.

OIL COLOURS AND PRINTERS INKS. By Lous
EDpGAR ANDES. Translated from the German. 215 pp. Crown 8vo.
56 Illustrations. Price 5s. net. (Post free, 5s. 4d. home; 5s. 6d, abroad.)

Contents.

Linseed Oll-—Pogyy 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 hinese Drying Oil and
Other Specialities—Pigments for House and Artistic Painting and Inks —Pigment for
Pnnter' Black lnko—Sublmutu for Lampblack—Machinery for Colour Orinding and

Machi for with the Vehicle—Paint Mills—Manufacture of
House Oil Pumu—Shl ants -Luminous Paint — Artists' Colours—Printers’ Inks:~
VEHICLES—Printers' Inks :—PIGMBNTS and MANUFACTURB—Index.

(See also Writing Inks, p. 11.)
THREE HUNDRED SHADES AND HOW TO MIX
THEM., For Architects, Decorators and Painters.
(See page 28.)
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Writing Inks and Sealing Waxes.

INK MANUFACTURE : Including Writing, Copying, Litho-
%h phic, Marking, Stamping, and Laundry Inks. By SIGMUND LEHNER.
ree Illustrations. Crown 8vo. 162 pp. Translated from the German
of the Fifth Edition. Price 5s. net. (Post free, 58. 3d. home; §s. 6d.
abroad.)
Contents.

Varieties of Ink—Writing Inks—Raw Materials of Tannin Inks—The Chemical Coastitution
of the Tannin Inks—Recipes for Tannin Inks—Logwood Tannin Inks—Ferric Inks—Alizarine
Inks—Bxtract Inks—Logwood Inks—Copying Inks—Hektographs—Hektograph Inks—Safety
Inks—Ink Extracts and Powders—Preserving Inks—ClI in Ink and the Restoratioa of
Faded Wri loured Inks—Red Inks—Blue Inks—Violet Inks—Yellow Inks—Greea
Inks—Metallic Inks—Indian luk—l.ntho‘nplnc !nhnnd Pencils—Ink Puelh—Muhnq Inks
~—Ink Specialities—Symp Inks—Stamping L dry or

SEALING-WAXES, WAFERS AND OTHER ADHES.

IVES FOR THE HOUSEHOLD, OFFICE, WORK.

SHOP AND FACTORY. By H. C. Stanpace. Crown
8vo. 96 pp. Price 5s. net. (Post free. 5s. 8d. home; 5s. 4d. abroad.)

Contents.
Materials Used for Sealing-Waxes—The nnuhc_tun of Sulnng-Wnu—
Wafers—Notes on the Nature of the Materials Used in Mnhn‘ Adh mp

for Use in the Household—Office Gums, Pastes and Mucilages—Adh Compounds for
Factory and Workshop Use.

Lead Ores and Compounds.

LEAD AND ITS COMPOUNDS. By THos. LaMBERT,
Technical and Consulting Chemist. Demy 8vo. 226 pp. Forty Illus-
trations. Price 7s. 6d. net. (Post free, 7s. 10d. home ; 8s. 3d. abroad.)

Contents.
Histo res of Lead: raphical Distribution of the Lead lndunry—-ctmmcnl and
Physical rties of Lead—Alloys of Lead—Compounds of Lead—! 10!!.«401-
—Smelting of Lead Ores—Smelting in the Scotch or American Ore- melting in the

Shaft or Blast Furnace—Condensation of Lead Fume—Desilverisation, or the Separation
of Silver from Argentiferous Lead—Cupell The Maaufa of Lead Pipes and
Sheets—Protoxide of Lead—Litharge and Massicot—Red Lead or Minium—Lead Poisoning
—Lead Substitutes—Zinc and its mpounds—Pumlee Skonc—Drylng Oils and Siccatives
—Oil of Tu tine Resin—Classification of Mi Pig ysis of Raw and Finished
Products—Tables—Index.

NOTES ON LEAD ORES: Their Distribution and Properties.
By Jas. Fairig, F.G.S. Crown 8vo. 64 pages. Price 2s. 6d. net.
(Post free, 2s. 9d. home ; 3s. abroad.)

(White Lead and Zinc White Paints, sce p. 4.)

Industrial Hygiene.

THE RISKS AND DANGERS TO HEALTH OF VARI.
OUS OCCUPATIONS AND THEIR PREVENTION

By LEONARD A. PARrY, M.D., B.Sc. (Lond.). %p Demy 8vo.
Price 7s. 6d. net. (Post free, 7s. 10d. home ; abroa )
Contents.

Occupations which are Accompanied by the Generation and Scattering of Abnormal
Quantmu of Dust—Trades in whnc there is Danger of Metallic Ponlomnx;C«tmn Chemi-
cal Tr Some Mi Trades in which Various sonous Vapours
are Inhaled—General Hygienic Coumdmtiouo—lndu




12

Industrial Uses of Air, Steam and

Water,
DRYING BY MEANS OF AIR AND STEAM. Explana-

tions, Formulz, and Tables for Use in Practice. Translated from the
German of E. HAusBrAND. Two foldinﬁ)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. Ther 3—Bsti i
of the Maximum Weight of Saturated Aqueous Vapour which can be contained in 1 kilo.
of Air at Different Pressure and Temp 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: A4, With the Assumption that the Air is Completely Satur-
ated with Vaxour both before Entry and after Bxit from the Apparatus—B, When the
A heric Air is Completely S d before emtry, but at its exit is only 3, § or § Saturated
—C, When the Atmospheric Air is not Saturated with Moisture before ntering the Drying
Apparatus—Drying Apparatus, in which, in the Drying Chamber, a Pressure is Artificially
Created, Higher or Lower than that of the Amo:g'hen—Drying by Means of Superheated
Steam, without Air—Heating Surface, Velocity of the Air Current, Simen:ionl 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 Fibm—Ap:endix: 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 A here; Temp re of St Index.

N
—~——

THE INDUSTRIAL USES OF WATER. . COMPOSI-
TION — EFFECTS—TROUBLES — REMEDIES—RE-
SIDUARY WATERS—PURIFICATION—ANALYSIS.

By H. pE LA Coux. Royal 8vo. Translated from the French and
Revised by ARTHUR MORRIS. 364 6? 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 Salts 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 Employ Precipitation of Matters in Suspension in Water
—Arpnmtus 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, p. 26, etc.)
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X Rays.

PRACTICAL X RAY WORK. By Frank T. AppymaN,
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 Radiogaphy 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. 10d. home ; 11s. 8d. abroad.)

content.s'.he The D
cal—Work leadi to the Di: the X Ra iscovery—A| -
tus anq 1ts Management-Hiectrical TermerSources of Blectricity —tndeciion Gote

Electrostatic Machines—Tubes—Air Pum -Tube Holders and Ster pic Apparatus—

Fluorescent Screens—Practical X Ray Work—I Ilati Radi py—Radiography—

X 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 1 lisati " 10;
Fracture of Patella showing shadow of * Strapping ".—VI., Sarcoma.—VII., Six-weeks-old
Injury to Elbow ‘howing new Growth of Bone.—VIII,, Old Fracture of Tibia and Fibula
badly set.—IX., Heart Shadow.—X., Fractured Femur showing Grain of Splint.—XI., Bar
rell's Method of Localisation.

India~Rubber and Gutta Percha.

INDIA-RUBBER AND GUTTA PERCHA. Translated
from the French of T. SEELIGMANN, G. Lamy ToORvVILHON and H.
FALCONNET by JOHN GEDDES MCINTOSH. Royal 8vo.

[Out of print. Second Edition in preparation.
.. Contents, . o
India- Rubber—Botanical Origin—Cli ! Soil—R I Culture and Acclimation
of the Different Speies of India-Rubber Plants—Methods of Obtaining the Latex—Methods
of Preparing Raw or Crude India-Rubber—Classification of the Commercial Species of

Raw Rubber—Physical and Chemical Properties of the Latex and of India-Rubber—

Mechanical Transfor ion of Natural Caoutchouc into Washed or Normal Caoutchouc

(Purification) and Normal Rubber into Masticated Rubber—Softening, Cutting, Washing,

Drying—Preliminary Observations—Vulcanisation of Normal Rubbe mical and Physical

Properties of Vulcanised Rubber—General Considerations—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.

Qutta Percha—Botanical Origin—Climatology—Soil—Rational Culture—Methods of

Collecti Classification of the Different Species of Commercial Gutta Percha—Physical

and Chemical Properties—Mechanical Transformation—Methods of Analysing—Gutta Percha

Substitutes—Index.
Leather Trades.

PRACTICAL TREATISE ON THE LEATHER IN-

DUSTRY. By A. M. ViLLon. Translated by Frank T.

ApDYMAN, 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 1., Materials used in Tanning—Skins: Skin and its Structure; Skins used i
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 11, 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 Grindim} of Tan Woods; Powdering Fruit, Galls an¢ Grains; l‘gotu on
the Grinding of Bark—M ture of Sole Leather: Soaking; ing and Unhairing;
Plumping and Colouring; Handling; Tanning; Tannin, Elephants’  Hides; Drying;
Strilunf or Pinning—Manufacture of Dressing Leather: king; 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 ther: Second Tanning;
Grease Stains; Bleaching Leather; Waterproofing Leather; Weighting Tanned Leather;
Preservation of Leather—Tanning Various Skins.
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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. 10d. home; 13s. abroad.)

Contents
Preface—The Chemistry of Pottery — Analysis and Synthesis — Clays and their Com-
ponenss — The Biscuit Oven — Pyrometry — Glazes and their Composition — Colours and
Colour-making—Index.

A TREATISE ON THE CERAMIC INDUSTRIES. A
Complete Manual for Pottery, Tile and Brick Works. By EMILE
BourRY. Translated from the French by WiLtoN P. Rix, Examiner
in Pottery and Porcelain to the City and Guilds of London Technical
Institute, Pottery Instructor to the Hanley School Board. Royal
8vo. 760 %p 323 Illustrations. Price 21s. net. (Post free, 22s. home ;

24s. abroad.)

Contents.

Part 1., General Pottery Methods. Definition and History. Definitions and Classifi-
cation of Ceramic Products—Historic Summary of the Ceramic Art—Raw Materials of
Bodies. Clays: Pure Clay and Natural Clays—Various Raw Materials: Analogous to Clay—

lomerative and Agglutinative—Opening—Fusible—Refractory—Trials of Raw Materials
—Plastic Bodies. Properties and C&r’nrmtion—Pupantion of Raw Materials: qutng -
tion—Purificarion—Preparation of ies : By Plastic Method—By Dry Method—By Liquid
Method—Formation. Processes of Formation: Throwing—Ex mnion—Mouldinngy Hand
on the Jolley, by Compression, by Slip Casting—Slapping—Sli it;i—Dryin A rying of
Bodies—Processes of Drying: hy Evaporation—By Aeration—By “ﬁnia_ y Ventilation
—By Absorption — Glazes. Composition and Properties—Raw Materials — Manufacture
and Application—Firing. Properties of the Bodies and Glazes during Firing—Description
of the Kilns—Working of the Kilns — Decoration. Colouring Materials — Pr of

ration.

Part 1., Special Pottery Methods. Terra Cottas. Classification: Plain Ordinary,
Hollow, Ornamental, Vitrifled, and Light Bricks—Ordinary and Black Tiles—Paving Tiles—
Pi -Architectural Terra Cottas—Vases, Statues and Decorative Objects—Common Pottery
—Pottery for Water and Filters—Tobacco Pipes—Lustre Ware—Properties and Tests for
Terra Cottas — Fireclay Goods. Classification: Argil , Al iferous,
Silicious acd Basic Fireclay Oogdl—l?'i:-eflfy.Momr gqug)—'!;egu for Fireclay Goods—

) en

Faiences. Varni F Silicious F peclay F
—Pebble Work—Feldspathic Fai p P of Manuf; and G 1
Arrang of Fai Potteries—Stoneware. Stoneware Properly So-called: Paving
Tiles—Pipes—Sanitary Ware—Stoneware for Food Purposes and Chemical Productions—
Architectural Stoneware—Vases, Statues and other Decorative Objects—Fine Stoneware
—Porcelain. Hard Porcelain for Table Ware and Decoration, for the Fire, for Electrical
Conduits, for Mechanical Pu ; Architectural Porcelain, and Dull or Biscuit Porcelain—
Soft Phosphated or English Porcelain—Soft Vitreous Porcelain, French and New Sévres—
Argillaceous Soft or Seger's Porcelain—Dull Soft or Parian Porcelain—Dull Feldspathic
Soft Porcelain—Index.

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. 10d. 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
ours.—Preparation of Pure C s—Underglaze Colours—Applying the Colours on
Barthenware—Glost Fire Colours—Muffle Colours—Decorating Porcelain with Metals—
Decorating Porcelain tlr! Electroplating—Lustre Decorating on Porcelain—Firing Mufle
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. Birp, M.A., and W. MOORE
BINNS. With Five Plates. 950 Illustrationsin the Text, and numerous
estimates. 500 pp., royal 8vo. Price 158. net. (Post free, 15s. 6d.
home; 16s. 6d. abroad.)

Contents. .
Part [. Plaln Undecorated Pottery.—Clays, Bricks, Tiles, Pipes, Chimney Flues,
Terra=cotta.
Part 1. Made-up or Decorated Pottery.
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A TREATISE ON THE ART OF GLASS PAINTING.

Prefaced with a Review of Ancient Glass. By ERNEST R. SUFFLING.
With One Coloured Plate and Thirty-seven Illustrations. Demy 8vo.
140 pp. Price 7s. 6d. net. (Post free, 7s. 10d. 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—Aciding—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 FELiXx HERMANN, Technical Chemist. With
Eighteen Illustrations. 300 pp. Translated from the German second
and enlarged Edition. Price 10s. 6d. net. (Post free, 10s. 10d. home ;
11s. abroad.) .

Paper Making, Paper Dyeing,

and Testing.
+«THE DYEING OF PAPER PULP. A Practical Treatise for

the use of Papermakers, Paperstainers, Students and others. B
Jurius ERFURT, Manager of a Paper Mill. Translated into Englis!
and Edited with Additions by JuLius HUBNER, F.C.S., Lecturer on
Papermaking at the Manchester Municipal Technical School. With
Illustrations and 187 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 Ooloun—o?nnlc Colours—Practical Application of the Coal Tar
Colours according to their Properties and their Behaviour towards the Different
Paper Fibres—Dyed 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 lllustrations. 300 pp. Price
7s. 6d. net. (Post free, 7s. 9d. home ; 7s. 10d. abroad.)

Contents. .

Introduction. —Dealing with the Apparatus required in Chemical Work and General
Chemical Manipulation, introducing the subject of Qualitative and Quantitative Analysis.
Puels.—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 important Chemicals
used in Paper Making, including Lime, Caustic Soda, Sodium Carbonate, Mineral Acids,
Bleach Antichlor, Alum, Rosin and Rosin Size, Glue Gelatin 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 Boiling—Testing Spent Liquors and Recovered Ash—Experimental Tests
with Raw Fibrous Materials—Boiling in Autoclaves—Bleaching and ki ur Hand Sheets
—RBxamination of Sulphite Liquors—Estimation of Moisture in Pulp and Half-stuf—Recom-
mendations of the British Wood Pulp Association. Finished Products.—Paper Testing,

including Physical, Chemical and Micr pical Tests, Area, Weight, Thickness, Apparent

Specific Gravity, Bulk or Air Space. Determination of Machine Direction, Thick

Strength, Stretch, Resi to Crumpling and Friction, Tnnsrnnency. Absorbency and
it

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 Consti Micr pical Examination of Fibres—The Effect of Beating
on Fibres—Staining Fibres—Mineral Matter—Ash—Qualitative and Quantitative Examina-
tion of Mineral Matter—Examination of Coated Papers and Colouring Matters in Paper.
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Books on Textile and Dyeing

Subjects.

THE CHEMICAL TECHNOLOGY OF TEXTILE
FIBRES: Their Origin, Structure, Preparation, Washing,
Bleaching, Dyeing, Printin; and Dressing. By Dr. GEORG VON
GEORGIEVICS. Translated from the German by CHARLES SALTER.
820 pp. Forty-seven Illustrations. Royal 8vo. Price 10s. 6d. net.
(Post free, 11s. home ; 11s. 3d. abroad.)

The Textlle Fibres—Washing, chl’o‘:ct:lggt.' 'Cnrbonhlng—Momnu and Mor-
danting—Dyeing—Printing—Dressing and Finishing.

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.)

contents.

Power-Loom Weaving in General. Various Systems of Loomo—Mountlng and
Starting the Power-Loom. English Looms—Tappet or Treadle Looms—Dobbies—
Gen Remarks on the Numbering, Reeling and Packing of Yarn—Appendix—Useful
Hints. Calculating Warps—Weft Calcul Calcul of Cost Price in Hanks.
TEXTILE RAW MATERIALS AND THEIR CON-

VERSION INTO YARNS. (The Study of the Raw

Materials and the Technology of the Spinning Process.) By JuLius
Z1psER. Translated from éyerman by CHARLES SALTER. 802 Illus-
trations. 500 pp. Demy 8vo. Price 10s. 6d. net. (Post free, 11s.
home; 11s. 6d. abroad.)

contents.
PART 1.—The Raw Materials Used in the Textile Industry.

MINERAL RAW MATERIALS. VEGETABLE RAW MATERIALS. ANIRAL RAW MATERIALS.
PART I11.—The Technology of Spinning or the Conversion of Textile Raw
Materials into Yarn.

SPINNING VEGETABLE RAw MateriaLs. Cotton Spinning—Installation of a Cotton
Mill—Spinning Waste Cotton and Waste Cotton Yarns—Flax Spinning—Fine Spinning—Tow
Spinning—Hemp Spinning—Spinning Hemp Tow String—Jute Spinning—Spinning Jute Line
Yarn—Utilising Jute Waste.

PART lll.—Sg;nnIng Animal Raw Materials.

Spinning Carded Woollen Yarn—Finishing Yarn—Worsted Splnni;‘g—Piniching Worsted
Yarn—Artificial Wool or Shoddy Spinning—Shoddy and Mungo Manufacture—Spinning
lShoddy and other Wool Substitutes—Spinning Waste Silk—Chappe Silk—Fine Spinning—

GRAMMAR OF TEXTILE DESIGN. By H. Niseer,

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. X
Chapter 1., INTRODUCTION.—General Principle of Fabric Structure and the use of Design

aper.

Chapter 11.,, THE PLAIN WEAVE AND IT8 MoDIFicATIONS.—The Plain, Calico, or
Tabby Weave.—Firmness of Texture—Variety of Texture—Variety of Form: Ribbed Fabrics
—Corded Fabrics—Matt Weaves.

Chapter 111, TwiLL AND KINDRED WEAVES.—Classification of Twill Weaves.—1. Cone-
tinuous Twills—(a) Warp-face Twills—(b) Wgt-/au Tuwslls—(c) Warp and Weft-face Twills—
The Angle of Twill—InfAuences nﬂ‘ectir)))g the Prominence of Twills and Kindred Weaves (a)
Character of Weave, (b) Character of Yarn, (c) Number of Threads per Inch, (d) Direction of
Twill in Relation to the Direction of Twist in Yarn—a. Zigzag or Wavy Twills—3. Re-

: Satin Weaves—Table of Intervals of Selection for the Construction of
Satin Weaves—Corkscrew Twills—Rearrangement of Twill Weaves on Satin and other
Bases—4. Combined Twills—s. Broken Twilis—6. Figured or Ornamented Twills.

Chapter 1V., DiAMOND AND KINDRED WEAVES,—Diamond Weaves.—Honeycomb and
Kindred Weaves—Brigh Weaves—Sponge Weaves—Huck-a-Back and Kindred Weaves—
Grecian Weaves—Linear Zigzag Weaves.

Chapter V., BEDFORD CoORDS.2-Plain Calico-ribbed Bedford Cords—Plain Twill-ribbed
Bedford Cords—Figured Bedford Cords—Tabulated Data of Particulars relating to the Manu-
facture of Seventeen Varieties of Bedford Cord Fabrics described in this Chapter.

[Continued on next page,
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TEXTILE BOOKS—continued.

contents.

The Various Sorts of Damask Fabrics—Drill (Ticking, Handloom-made)—Whole
Damask for Tablecloths—Damask with Ground- and Connecting-warp Threads—Furmiture
Damask—Lampas or Hangings—Church Damasks—The Manufacture of Whole Damask
—Damask Amnfment 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 D. k Machi ‘The Combi
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.

M lmgr?prl‘{, C‘l:ounc Raw Mnterig or lt[v;propr h‘}igum—w?mg Treaémeut off thh:
aterial in Washing, Carbonisation, ing, Dyeing an inning—Improper Spacing of t
Goods in the LoomiWrong Placin, 3. (goloun:%%'on g&’eight or g&’idth of the Goods
—Breaking of Warp and Weft reads—Presence Doubles, Sinﬂes. Thick, Loose,
and too Hard Twisted Threads as well as Tangles, Thick Knots and the Like—RBrrors in
Crose-weaving—Inequalities, i.c., Bands and Stripes—Dirty Borders—Defective Selved,
Holes and Buttons—Rubbed Places—Creases—Spots—Loose and Bad Colours—Badl, ed
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. Thinétj'-four
Illustrations. Tables. 160 pp. Demy 8vo. 1904. Price 10s. 6d. net.
(Post free, 10s. 10d. home ; 11s. abroad.)

Contents
Calculating the Raw Material—Proportion of [;iﬁcrent Grades of Wool to Furanish a
Mixture at a Given Price—Quantity to Produce a Given Lanth—Yam Calculations—Yarn
Number—Working Calculati Calculating the Reed Count: t of Weaving, etc.

WATERPROOFING OF FABRICS. By Dr. S. MIERZINSKI.
Crown 8vo. 104 pp. 29 Illus. Price 58. net. (Post free, 5s. 3d. home;
§s. 4d. abroad.)
Contents.

Introduction — Preliminary Treatment of the Fabric— Waterproofing with Acetate of
Alumina—Impregnation of the Fabric—Drying—Waterproofing with Paraffin—Waterproofin
ﬂmu-

with Ammonium Cuprate — Waterproofing with Metallic Oxides— Coloured Wa
Fabrics—Waterproofing with Gel. Tannin, Casei of Lime and other Bodies—|
facture of Tarpaulin—British Waterproofing Patents—Index.

HOW TO MAKE A WOOLLEN MILL PAY. By Joux
Mackie. Crown 8vo. 76 pp. Price 3s. 6d. net. (Post free, 3s. 9d.
home ; 3s. 10d. abroad.)

Contents.
Blends, Piles, or Mixtures of Clean Scoured Wools—Dyed Woo! Book—The Order Book
—Pattern Dupli Books—Manag 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. 10d. home ; 8s. abroad.)

contents.

Structure and Constitution of Wool Fibre—Yarn Scouring—Scouring Materials—Water for
Scouring—Bleaching Carpet Yarns—Colour Making for Yarn Printitﬁ—Colour Printing
Pastes—Colour Recipes for Yarn Printing—Science of Colour Mixing: hing of Col
—*Hank" Printing—Printing Tapestry Carpet Yarns—Yarn Printing—Steaming Printed
Yarns—Washing of Steamed Yarns—Aniline Colours Suitable for Yarn rinting—GLoury of
Dyes and Dye-wares used in Wood Yarn Printing—Appendix. .
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THE CHEMISTRY OF DYE-STUFF8. By Dr. GEoro Von
GEORGIEVICS. Translated from the Second German Edition. 412 pp.
Demy 8vo. Price 10s. 6d. net. (Post free, 11s. home ; 11s. 6d. abroad.)

Contents,

Introduction—Coal Tar—Intermediate Prod in the Manufa of Dye-stuffs—The
Artificial Dye-stuffs (Coal-tar Dyu)—Nm-o-o Dye-stuffs—Nitro -stuffs—Azo Dye-stuffe—
Sub-untwt Cotton Dye-stuffs — Azoxystilbene stuffs — Hy — Ketoneimides —

&0—% Imethane Dye-:tuﬂt—-Rocollc Acid Dye-stu Xanthene Dy‘-ctuh—!hnthone  Dye-

lavones—Oxyketone' Dye-stu! nolme and Acnd:ne Dye-uu —anomlmdc
or Diphenylamine Dye-stuffs— Axme Group: Eurh 8_. u
Burhodines — Safranines — Quinoxalines — Indigo — Dye-stuffs of Unk
Sulphur or Sulphine Dye stuffs—Development of the Artificial Dye-stuff lnduntry—'!’ho
Natural Dye-stu Mineral Colours—Index.

THE DYEING OF COTTON FABRICS: A Practical
Handbook for the Dyer and Student. By FRANKLIN BEBECH, Practical
Colourist and Chemist. 272 pp. Forty-four Illustrations of Bleaching
and Dyeing Machinery. Demy 8vo. Price 7s. 6d. net. (Post free,
7s. 10d. home ; 8s. abroad.)

Contents.

Structure and Chetm-kry of the Cotton Fibre—Scouring and Bleaching of Cotton—Dyeing
Machinery and Dyeing M les and Practice of Cotton Dyeing—Direct
Dyeing; Direct Dyeing followed by leanon with Metallic Salts; Direct Dyeing followed by
Fixation with Developers; Direct Dyeing followed ro! Fixation with Couplers ; Dyeing on
Tannic Mordant; Dyeing on Metallic Mordant; Production of Colour Direct u, Cotton
Fibres; DyemiCotton by Impregnation with Dye-.tuﬂ Solution—Dyeing Union (Mixed Cotton
and Wool) Fabrics—Dyeing Half Silk (Cotton-Silk, Satin) Fabrics—Operations followin;
Dyeing—Washing, Soaping, D mg—'l‘stmg of the Colour of Dyed Fabrics—Experimen!
Dyeing and Comparative lgye esting—Index.

The book contains numerous recipes for the production on Cotton Fabrics of all kinds of a
great range of colours,

THE DYEING OF WOOLLEN FABRICS. By FrankLIN
BEECH, Practical Colourist and Chemist. Thirty-three Illustrations.
Demy 8vo. 228 pp. Price 7s. 6d. net. (Post free, 7s. 10d. home ;

8s. abroad.)
Contents.
The Wool Fibre—Structure, Composition and Properties—Processes Preparatory to

—Scouring and Bluclnng of Wool—Dﬁ'n-}ni1 clnnery and Dyeing Mampulauonn—-»

Weal Dyang—m"l?m o b Pk Dye- e pinet rTv“? gxa’h ¥ Dyu—
oo roperties Of 00| ng—Methods of 00! n, rou)

Dyeing with the l;l:ect '1 with Basic Dxu— Dyeing
with Mordant Dyes—Level ing— Blacks on Wool—Reds on Wool—llordmtmg of Wool—
Orln& Shades on Wool—Yellow Shades on Wool—Green Shades on Wool—Blue Shades on
Wool—Violet Shades on Wool—Brown Shades on Wool—Mode Colours on Wool—!
Union (Mlxed Conon Wool) Fabrics—Dyeing of Gloria—Operations following Dyeing—
Washing, ing—Experimental Dyeing and Comparative Dye Testing—Testing of
the Colour af ed Fabrics—Index.

Bleaching and Washing.

A PRACTICAL TREATISE ON THE BLEACHING OF
LINEN AND COTTON YARN AND FABRICS. By
L. TAILFER, Chemical and Mechanical Engineer. Translated from the
French by JouN GEDDES McINTOsH. Demy 8vo. 303 pp. Twenty
Illus. Price 12s. 6d. net. (Post free, 13s. home; 13s. 6d. abroad.)

Cotton Spinning and Combing.

COTTON SPINNING (First Year). By THomas THORNLEY,
Spinning Master, Bolton Technical School. 160 pp. Eighty-four Illus-
trations. Crown 8vo. Second Impression. Price 3s. net. (Post free,
3s. 4d. home ; 3s. 6d. abroad.)

Contents.
Syllabus and Examination Papers of the City and Guilds of London Institute—Cultiva-
tion, Classification, Ginning, Bahng and Mlxmg of the Raw Ootton—Blle-Bmhn Mixing
Lattices and Hopper F ers—O g and S g—Card













27

Contents of *‘ Evaporating, Condensing and Cooling
. Apparatus’’ .—conlinued.
from which Bxtra 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 -”gueent.
3 to 20-70 per cent.—The Relative Proportion of the Heating Surfa in the Bl
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 D'?:‘?.d' Water
300 which Press Currents of Steam—The Splashing of Evaporating Liquids—’ Diameter
Pipes for Steam, Alcohol, Vapour and Air—The Diameter of Water Plreo—'l‘he Loss
of Heat from Apparatus and Pipes to the Surro Air, and Means for Preventing
the Loes—Condensers—Heating Liquids by Means of Steam—The Cooling of Liquids—
The Vol to be Ext ‘fmmaoudenunbytboﬁmmp—A.P-mearhonAm
pulxr and the Vacua they Produce—The Volumetric Bffi 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 lllustrations. 272
gr;;. Demy 8vo. Second Edition Revised. Price 7s. 6d. net. (Post

e, 78. 10d. 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 lllustrations.
318 p];.) Demy 8vo. Price 7s. 6d. net. (Post free, 8s. home; 8s. 6d.
abroad. .

contents.
Pipe Bending — Pipe Bending (continued) — Pipe Bendit:_ﬁ (continued) — Szuan Pipe
Bendings—Halfcircular Elbows—Curved Bends on Square Pipe—Bossed Ben urved
Plinth ds—Rain-water Shoes on Square Pipe—Curved and Angle Bends—Square Pipe
Pixings—Joint-wiping—Substitutes for Wiped Jomu—Psr:raring W iped Joints—Joint Fixings
—Plumbing Irons—Joint Fixings—Use of *“Touch"” in dering—Underhand Joints—Blown
and Copper Bit Joints—Branch Joints—Branch Joints (i d)—Block Joints—Block
Joints (continued)—Block Fixings—Astragal Joints—Pipe PFixings—Large Branch Joints—
Large Underhand Joiuts—SJden—Autogenoul Soldering or Lead Burning—Index.

SANITARY PLUMBING AND DRAINAGE. By Joun
W. HarT. Demy 8vo. With 208 Illustrations. 250 pp. 1904. Price

7s. 6d. net. (Post free, 7s. 10d. home ; 8s. abroad.)
contents. .

Sanitary Surveys—Drain Testing—Drain Testing with Smoke—Testing Drains with Water
—Drain Plugs for Testing—Sanitary Defects—Closets—Baths and Lavatories—House Drains
—Manholes—Iron Soil Pipes—Lead Soil Pipes—Ventilating Pipes—Water-closets—Flushing
Cisterns — Baths — Bath Fittings — Lavatories — Lavatory Fittings—Sinks—Waste Pipes—
Water Supply— Ball Valves —Town House Sanitary Arrang ts — Drainage—Jointing
Pipes—Accessible Drains—Iron Drains—Iron Junctions—Index.

ELECTRIC WIRING AND FITTING FOR PLUMBERS
AND GASFITTERS. BySyoney F. WaLker, R.N, M.LE.E..
M.L.Min.E,, A .M.Inst.C.E., etc., etc. Crown 8vo. 150 pp. With Illus-
tni,atio:s) and Tables. Price 5s. net. (Post free, 5s. 3d. home; 5s. 6d.
abroad.

contents.

Chapter 1., Electrical Terms Used.—Pressure and Current—The Volt—Ampire—
BElectrical Resistance—Earth—Continuous and Alternating Currents—The Electric Circuit—
Leakage—Heating of Conductors—Size and Forms of Cond ‘The Kilowatt— of
Pressure—Arr of Cond s—Looping In—The Three Wire System—Switches—
Fuses—Circuit—Breakers. 11., The Insulation of Wires, Their Protection, Fixing, etc.
—Conductors ‘Insulated with Paper and Similar Materials—Sparking between Conductors
—Dialite Insulation—Flexible Cords—C ric Cond s—Twin Conductors—Three-Core
Cables—Fireproof Insulation for Cond s—Jointi T Joints—Covering T Joints in Vul-
canized Rubber Cables. 111, 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. 1V., Lamps.—The Incandescent Lamp—Lamp Holders—Lamp Fittings—The
Nernst Lamp. V., Switches, Fuses, Distribution etc.—The Electricity Meter—
Prepayment Meters.
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Pruit and Seed—Propagation and Selection of the Hop—Varieties of the Hop: (3) Red Hops ;
(b) Green Hops; (c) Pale Green Ho; lassification according to the Period of Ripening:
Barly August Hops; Medium Early Hops; Late Hops—Injuries to Growth—Leaves Turnin,
Yellow, Summer or Sunbrand, Cones Dropping Off, Honey Dew, from Wind, Hail
and Rain ; Vegmble Enemies of the Hop: Animal Enemies of the Hop—| cial Insects on
Hops—CULTIVATION—The Requirements of the Hop in Respect of Climate, Soil and
Situation: Climate; Soil ; Situation—Selection of Variety and Cutti Planting a Hop
Garden : Drainage; Prepan;l:s 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; no?r Season for Cutting: Autumn Cnminis Spri
Cutting; Manuring; Training the H? lant: Poled Gardens, Frame Training; rincipnaq
Types of Frames: Pruning, Croppii ogsling. and Leaf Stripﬁing the Hop Plant; Picki
Dryi:r and Bagging—Principal and Subsidiary Utilisation of Hops and Hop Gardens—Li
of a Hop Garden; Subsequent Cropping—Cost of Production, Yield and Selling Prices.
b.i;r:lurv'nlt_llon and Storage—Physical and Chemical Structure of the Hop Cone—Judging
¢ ue of Hops.

Statistics of Production—The Hop Trade—Index.

" Timber and Wood Waste.

TIMBER: A Comprehensive Study of Wood in all its Aspects

{?ommercial and Botanical), showing the Different Applications and

ses 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.

Phh'zdul and Chemical Properties of Timber—Composition of the Vegetable Bodies
~—Chief Elements—M. Fremy's Ruurchu—Blementng Organs of Plants and especially of
Forests—Different Parts of Wood Anatomically and Chemically Considered—General
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—Buropean Timber—African Timber—Asiatic
Timber—American Timber—Timber of Oceania—Forests—General Notes as to Forests ; their
Infl QOpinions as to Sylviculture—Impr of Forests—Unwooding and Rewooding
—Preservation of Forests—Exploitation of Forests—Damage caused to Forests—Different
Alterations—The Preservation of Timber—Generalities—Causes and Progress of De-
terioration—History of Different Proposed Processes—Dessication—Superficial Carbonisation
of Timber—Processes by Immersion—Generalities as to Antiseptics Employed—Injecti
Processes in Closed Vessels—The Boucherie System, Based upon the Displacement of the
Sap—Processes for Making Timber Uninflammable—Applications of Tllll;ef—OmnIitiu
—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 [ke'ng—Diﬂcmt Applications of Wood—Hard Wood—Dastillation 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.)

Contents.

General Remarks on the Utilisation of Sawd Empl of Sawd as Fuel,
with and without Simultaneous Recov: of Charcoal and the Products of Distillation—
Manufacture of Oxalic Acid from Sawdust—Process with Soda Lye: Thorn's Process;
Bohlig's Process—Manufacture of Spirit (Ethyl Alcohol) from W Waste—Patent Dyes
(Organic Sfulphid;:. Sulphur Dyes, or Mercapto )—Artificial Wood and Plastic Com-

on Producti Ay

P of Artificial Wood Comp for Moulded De-
Employment of Sawdust for Blasting Powders and Gunpowd Employment
of Sawd for Brig 1 o d in the Ceramic Industry and as an

Addition to Momr—Mnnufactur: of Paper Pulp from Wood—Casks—Various Applications
of Sawdust and Wood Refuse—Calcium Carbide—Manure—Wood Mosaic Plagques—Bottle
lStg&pen-Parqutry—-Pire—lighm—C-n‘m d The Production of Wood Wool—Bark—
ndex. .
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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,
5s8. 3d. home ; Ss. 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 1., Raw Materials for the Mlnuilctun ol Cellulold : Cellulose and Pyroxylin
—Oun-cotton—Pmpertlu of G for Celluloid Manufacture—
Nltraun Centnfugallun—Collodlon Wool—M.thod. of Preparing Collodion Wool—Cam-

apanese (Formosa) Camphor, O:dinary Camphor — Borneo Camphor (Borneol),
gumtra Camphor, Camphol, Baros Camphor)—! pertm of Camphor—Artificial Camphor
~—Camphor Substitutes. 1., The Manu re of Celluloid: Maaufacturing Camphor by
the Aid of Heat and Pressure—Manufacture ol Celluloid by Dissolving Gun-cotton in an

Alcoholic Solution of Camphor—Preparing Celluloid b{ the Cold Process—Preparation with

an Ethereal Solution of Camphor—Preparation with a Solution of Camphor and Wood

Spirit. 111, The Employment of Pyroxylin for Artificlal Silk: Denitrating

and Colouring Pyroxylm— Umnﬂammable Cellulotd —-Celluloud and Cork Composition—

Incombustible Celluloid b Fibroli 1V., Properties of

Celluloid. V., Testin, Cellulold Vf Appllc.tlon and Treatment of Celluloid :

Caoutchouc lndunry aking Celluloid ‘Ornaments — Work ing 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-

ducmﬁ Designs on Plates or Sheets of Celluloid, Xylonite, etc.—Imitation Tortoiseshell—

Metallic Incrustations—Imitation Florentine Mosaic—Celluloid Collars and Cuffs—Phono-

sorh Cylinder Composition—Making Umbrella and Stick Handles of Celluloid — Celluloid

lis--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
Engraving.

PRACTICAL LITHOGRAPHY. By ALrFrReD 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 Pﬂntmﬁ—thbo Press—Press Work—

Machine Printing—Colour Printing—Substitutes for Lithographic Stones—Tin Plate Printing
and Decoration—Photo-Lithog

PRINTERS' AND 'g'ﬁATIONERS READY RECEKONER
AND COMPENDIUM. Compiled by VictTorR GRAHAM.

Crown 8vo. 112 pp. 1904. Price 3s. 6d. net. (Post free, 3s. 9d. home;
3s. 10d. abroad.)

ntents.
Price of Paper per Sheet, &l.nn, Rum and Lb.—Cost of 100 to 1000 Sheets at various
Sizes and Prices per Ream—! hQuanmy Table—Sizes and Weights of Paper,

rds, etc.—Notes on A Snm of sp — Leads to a 1b.—
Dmnonsml\lmun for Bookwork-—Cornct Proofl.

VING FOR ILLU RATION HISTORICAL
AND PRACTICAL NOTES. By J. KirxBriDE. 72 pp.

Two Plates and 6 Illustrations. Crown 8vo. Price 2s. 6d. net. (Post
free, 2s. 9d. home ; 2s. 10d. abroad.)
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Bookbinding.

PRACTICAL BOOKBINDING. By PauL Apam. 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 SUQGAR: Practical Treatise on
the Modern Methods of Manufacture of Sugar from the Sugar Cane and
Sugar Beet. By JoHN GEDDES McINTOSH. Second Revised and
Enlarged Edition. Demy 8vo. Fully Illustrated. 436 pp. Seventy-six
Tables. 1908. Price 10s. 6d. net. (Post free, 11s. home; 11s. 6d.
abroad.)

Chemi of Suc Lact Lﬁgnt.(?lts' Invert S etc.—Purchase and
Analysisof Beets—Treatment of Beets—Diffusion-— Filtration—Concentration—Evaporation-—
Sugar Cane: Cultivation—Milling—Diffusion—Sugar Refining—Analysis of Raw Sugars—
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