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PREFATORY NOTE.

The material contained in this work appeuared sev-
eral years ago in serial form in the American Perfumer
and Essential Oil Review. Owing to the numerous re-
quests reccived, it has been decided to now place before
‘those interested, these articles in book form, While it
is true that the works pertaining to the soapmaking
industry are rcasonably plentiful, books are quite rarc,
however, which, in a hrief volume, will clearly outline
the processes employed together with the neces-
sary. mcthods of analyses from a purely practical
standpoint. In the work presented the author has
attempted 1o briefly, clearly, and fully explain the
manufuacture of soap in such language that it might be
nnderstood by all those intercsted in this industry. In
many cases the smaller plants find it necessary to dis-
pensc with the services of a chemist, so that it is neces-
sary for the soapmaker to make his own tests. The
tests outlined, thercfore, are given as simple as possi-
hle to meet this condition. The formulic submitted
are authentic, and in many cases are now heing used
in soapmaking. [}

In taking up the industry for survey it has been thought
desirable to first mention and describe the raw materials
nsed; sccond, to outline the processes of manu-
facture® third, to classifv the mecthods and illustrate
by formulae the composition of various soaps together
with their mode of manufacture; fourth, to enumerate the
various methods of glycerine recovery, intluding the
processes of sapon% and, fifth, to give the most im-
portans analytical me which are of value to control
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the process of manufacture and to determine the purity
and fitness of the raw material entering into it.

It is not the intention of the author to go into great
detail in this work, nor to outline to any great extent the
theoretical side of the subject, but rather to make the work
as brief as possible, keeping the practical side of the sub-
ject before him and not going into concise descriptions of
machinery as is very usual in works on this subject.
Hiustrations are merely added to show typical kinds
of machinery used.

The author wishes to take this opportunity of thank-
ing Messrs. L. S, Levy and E. \W. Drew for the reading
of proof, and Mr. C. W. Aiken of the flouchin-Aiken Co,,
for his aid in making the illustrations a suceess, as
well as others who have coutributed m  the compil-
ing of the formulae for various soaps. e trusts that
this work may prove of value to those engaged in soap
manufacture,

EGT.
Januvary, 1922
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CHAPTER 1

Raw Materials Used in Soap Making.

Soap is ordinarily thought of as the common cleansing
agent well known to everyone. In a general and strictly
chemical sense this term is applied to the salts of the non-
volatile fatty acids. These salts are not only those formed

" by the alkali metals, sodium and potassium, but also those
formed hy the heavy mectals and alkaline earths. Thus
we have the insoluble soaps of lime and magnesia formed
when we attempt to wash in “hard water”; again alum-
inum soaps are used extensively in polishing materials
and to thicken lubricating oils; ammonia or “benzine”
soaps arc employed among the dry cleaners. Commonly,
however, when we speak of soap we limit it to the sodlum
or potassium salt of a higher fatty acid.

It is very generally known that soap is made by com-
bining a fat or «il with a water solution of sodium hydrox-
ide tcaustic «oda lye), or potassium hydroxide (caustic
potash). Sodium soaps are always harder than potassium
~caps, provided the same fat or oil is used in both cases.

The detergent propertics of soap are due to the fact
that it acts as an alkali regulator, that is, when water
comes into contact with soap, it undergoes what is called
kydrolytic dissociation. This means that it is broken
down by water into other substances. Just what these
substances are is subject to controversy, though it is pre-
sumed caustic alkali and the acid alkali salt of the fatty
acids are formed. ®

OILS AND FATS.

There is no sharp distinction between fat #nd oil. By
“o0il” the Tayman has the impression of a liquid which at
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warm temperature will flow as a slippery, lubricating, vis-
cous fluid; by “fat” he understands a greasy, solid sub-
stance unctuous to the touch It thus becomes necessary
to differentiate the oils and fats used in the manufacture
of soap.

Inasmuch as a soap is the alkali salt of a fatty acid, the
oil or fat from which soap is made must have as a con-
stituent part, these fatty acids. Hydrocarbon oils or par-
affines, included in the term “oil,” are thus uscless in the
process of soap-making, as far as entering into chemical
combination with the caustic alkalis is concerned. The
oils and fats which form soap are those which are a com-
bination of fatty acids and glycerine, the glycerine being
obtained as a by-product to the soap-making industry.

NATURE OF A FAT OR OIL USED IN SOAP MANUFACTURE.

Glycerine, being a tryhydric alcohol, has three atoms of
hydrogen which are replaceable by three univalent radicals
of the higher members of the fatty acids, e. g.,

OH OR
C, H, 0H 4 3 ROH = C, H: OR + 3 H,0
OH OR
Glycerine plus 3 Fatty Alcohols equals Fat or Qil plus
‘ 3 Water.

Thus three fatty acid radicals combine with one glycer-
ine to form a true wcutral il or fat which are called
triglycerides. The fatty acids which most commonly en-
ter into combination of fats and oils are lauric, myristic,
palmitic, stearic anil olcic acids and form the neutfhl oils
or triglycerides derived from these, e. g., stearin, palmatin,
olein. Mono and diglycerides are alsompresent in fats,

" SAPONIFICATION DEFINED,

When a fat or oil enters into chemical combination with

one of thg caustic hydrates in the pitsence of water, the
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process is called “saponification” and the new compounds
formed are soap and glycerine, thus:
OR OH
Gl OR 4 3 Naoll = GH, 0l -+ 3 NaOR
OR OH
Fat or Oil plus 3 Scdium Hydrate equals Glycerine plus
3 Soup
It is by this reaction almost all of the svap used today
is made. ! N
+There ar®also other means of saponification, an‘h‘he
hydrolysis of an oil or fat by the action of hydrochh.ric
or sulfuric acid, by autoclave and by ferments or en-
zymes. By these latter processes the fatty acids and
glycerine are obtained directly, no soap being formed.

FATS AND OILS USED IN SOAP MANUFACTURE.

The various and most important oils and fats used in
the manufacture of soap are, tallow, cocoanut oil, palm
oil, olive oil, poppy oil, sesame oil, soya bean oil, cotton-
seed oil, corn oil and the various greases. DBesides these
the fatty acids, stearic, red oil (oleic acid) are more or
less extensively used. These oils, fats and fatty acids,
while they vary from time to time and to some extent as
tu their color, odor and consistﬂlcx. can readily be distin-
guished by various physical and chemical constants.

Much can be learned by one, who through continued
acquaintance with these oils has thoroughly familiarized
himself with the indications of a good or bad oil, by
taste,"smell, fecl and appearance. It is, however, not well
for the manufacturer in purchasing to depend entirely upon
these simpler testzt Since he is interested in the yield of
glycerine, the largest possible yicld of soap per pound of
soap stock and the general body and appearagce of the
finished product, the chemical tests upon which these de-
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pend should he made.  Those especially important are the
acid value, percentage unsaponifiable matter and titer test.

A short description of the various oils and fats men-
tioned is sufficient for their use in the soap industry.

Tallow is the name given to the fat extracted from the
solid fat or “suet” of cattle, sheep or horses. The quality
varies greatly, depending upon the seasons of the year,
the food and age of the animal and the method of ren-
dering. It comces to the market under the distinction of
edible and inedible, a further distinction heing made m
commerce as beef tallow, mutton tallow or horse tallow
The better quality is white and blcaches whiter upon ex-
posure to air and light, though it usually has a yellowish
tint, a well deiined grain and a clean odor. It consists
chiefly of stearin, palmitin and olein. Tallew is by far the
most extensively used and important fat in the making
of soap.

In the manufacture of soaps for toilet purposes, it is
usually necessary to produce as white a product as pos-
sible. In order to do this it often is neeessary to bleach
the tallow before saponification. The method usually em-
ployed is the Fuller's Earth process.

FULLER'S FARTH PROCESS FOR BLEACHING TALLOW.

From one to two toss of tallow are melted out into the
bleaching tank. This tank is jacketed, made of iron and
provided with a good agitator designed to stir up sediment
or a coil provided with tangential downward opening per-
forations and a draw-off cock at the bottom The goil is
the far simpler arrangement, more cleanly and less likely
to cause trouble. By ‘this arrangement compressed air
which is really cssential in the utilization of the press
(see later)* is utilized for agitation. \ dry «team coil in
an ordinaty tank may he employed in plice of a jacketed
tank, which lessehs the cost of installation.

4



writers claim that glycerine ext
vil. The writer has washed: lar,
analyzed the wash water for glycy' ™
that the amount present did not M7
soap makers do not attempt to fedo
from this oil. when used alone for svap n¥

There are several grides of paln oil in
m toilet soap making it is advisable to utilize oY
palm oil, which is the best grade. Whege it is desired
maintain the color of the soap this oil produces, a smd
quantity of the lower or “hrass” grade of fahm oil may be
used, as the soup made Irom the better grades of oil
gradually bleaches and loses its orange ycllow cole-

Palm il produces a crumbly soap which cannot readily
be milled and is termed “short.”  When used with tallow
and cocoanut oil, or 20 to 25 per cent. cocvanut oil, St
produces @ very satisfactory toilet soap. In the saponifi-
cation of palm oil it is not advisable to combine it with
tallow in the kettle, as the two do not readily mix.

Since the hoished soop has conveyed to it the orange
colur of the vil, the il is Dlcached hefore saponification.
Oxidation readily destroys the coloring matter, while heat
and light assist materially. The methods generally em-
played are by the use of oxygen degeloped by bichromates
and hydrochloric acid and the direct bleaching through
the agency of the oxygen of the air,

CHROME BLEACHING OF PALM OIL,

Tée chrome process of bleaching palm oil is more rapid
and the oxygen thus derived being more active will bleach
oils which air alone  not. It depinds upon the reaction:

Na,Cr.0, 9 1| = Crll + 2NaCl + 0.
in which the - 18 the active principle. Tn practice it
is found ne  .ry te use an excess of acid over that
theoretically indicatggy
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ghould be chosen containing
a low percentage of free
ted to these requirements.
. from a jet introduced
ted of [ and condensed water run-
ough two sieves (about ¥ inch
rous material and gross imparities
ontains fine earthy and fibrous ma-
terial and vcgotable albuminous matter which should be -
removed, as far as possible, since chemicals are wasted in
their oxidation and they retard the bleaching. This is best
done by boiling the oil for one hour with wet steam and
10 per cent. solution of common salt (2 per cent. dry salt
on weight of oil used) in a lead-lined or wooden tank
After settling over night the brjge and impuritics are re-
tioved by running from a cncw the bottom of the vat
and the oil is run out inta the hleaching tank throngh an
oil cock, situated about seven inches from the lLottom.

The blcaching tank is a lead-lined iron tank of the ap-
proximate dimensions of 4 fcet deep, 4 feet long and
315 feet wide, holding about 11, tons  The charge
is one ton. A leaden outlet pipe is fixed at the hottom, to
which is attached a rubber tube closed Ty a screw clip. A
plug also is fitted invo the lead outlet pipe from above
Seven inches above the lower outlet is affixed another tap
through which the nil is drawn off.

The tank is further cquipped with a wet steam coil and a
coil arranged to allow therough air agitation, both coils
heing of lrad. A good arrangement is to use one coil to
deliver cither air or sfeam. These coils should extend as
nearly as possible over the entire Lottom, of the tank and
have a number of small downward perforations, so as to
spread the agitation throughout the mass.

The temperature of the oil is reduced by passing in air

10
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to 110° F. and 40 pounds of fine common salt per ton added
through a sieve. About one-half of the acid (40 pounds
of concentrated commercial hydrochloric acid) is now
poured in and this is followed by the sodium bichromate
in concentrated solution, previously prepared in a small
lead vat or carthen vessel by dissolving 17 pounds of bi-
chromate in 45 pounds commercial hydrochloric acid. This
sulution should be added slowly and should occupy three
hours, the whole mass being thoroughly agitated with air
during the addition and for one hour after the last of the
bleaching mixture has been introduced. The whole mix-
ture is now allowed to ‘scttle for one hour and the ex-
hausted chrome liquors are then run off from the lower
pipe to a waste tank. About 40 gallons of water are now
run into the bleached oil and the temperature raised by
open stcam tn 150° tn 160° F. The mass is then allowed
to scttle over night. .

One such wash is suflicient to remove the spent chrome
liquor completely, provided ample time is allowed for
settling. A number of washings given successively with
short periods of settling do not remove the chrome liquors
efectually. The success of the operation depends en-
tirely upon the completeness of settling.

The wash water is drawn off ae hefore and the clear
oil rim to storage tanks or to the soap keitle through the
upper oil cock.

The waste liquors are hoiled with wet steam and the oil
skinfned from the surface, after which the liquors are run
out throueh an oil trap.

Ry following tlec above instructions carefully it is pos-
sible to bleach one ton of palm oil with 17 pounds of bi-
chromate nf soda and & pounds hydrochloric acid.

The spent liguors should he a bright green colof.  Should
they be of a yellow or brownish shade insufficient acid has

11
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been allowed and more must be added to render the whole
of the oxygen available.

If low grade oils are being trcated more chrome will be
necessary, the amount being best judged by conducting the
operation as usual and after the addition of the bichro-
mate, removing a sample of the oil, washing the sample
and noting the color of a rapidly cooled sample.

A little practice will enable the operator to judge the .
correspondence hetween the color to be removed and the
amount of bleaching mixture to be added.

To obtain success with this process the method of work-
ing given must be adhered to even in the smallest detail.
This applies to the temperature at which each operation
is carried out particularly.

AIR BLEACHING OF PALM OIL.

*The method of conducting this process is identical with
the chrome process to the point where the hydroclhiloric acid
is to be added to the oil. In this method nou acid or
chrome is nccessary, as the active bleaching agent is the
oxygen of the air.

The equipment is similar to that of the former process,
except that a wooden tank in which no iron is exposed will
suffice to bleach the oil in. The process depends in rapid-
ity upon the amount bf air blown through the oil and its
even distribution. Iron should not be present or exposed
to the oil during bleaching, as it rctards the process con-
siderably, )

After the impurities have heen removed, as outlined
under the chrome process, the' temperature of the oil is
raised by open steam to boiling. The stcam is then shut
off and air allowed to blow through the oil nntil it is com-
pletely bleached, the tempcraturc heing maintained above
150° F. l)y occasionally passing in steam. Usually a ton
of oil is readily ‘and completely bleached after the air has

12
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becn passed through it for 18 to 20 hours, provided the
oil is thoroughly agitated by a sufficient flow of air.

If the the oil has been allowed to settle over night, it is
advisable to run off the condensed water and impuritiés
by the lower cock before agitating again the second day.

When the oil lias been bleached to the desired color,
which can be determined by removing a samiple and cool-
ing, the mass is allowed to settle, the water run off to a
waste tank from which any oil carried along may be
skimmed off and the supernatant clear oil run o the stor-
age or svap kettle,

In bleaching by this process, while the process consumes
more time and is not as efficient in bleaching the lower
grade oils, the cost of bleaching is less and with a good
oil success is more probable, as there is no possibility of
any of the chrome liquors being present in the oil.  These
give the Dleached o1l a green tint when the chrome method
is impropcrly condudted and they are not removed.

Instead of blowing the air through it, the heater oil may
be brouszht mto contact with the air, cither by a paddle
wheel arrangoment, which, in constantly turning, brings
the oil into contact with the air, or by pumping
the heated oil into an clevated vesscl, pierced with numer-
ous fine holes from which the oil sontinously flons back
into the vessei from which the oil is pumped. While in
these methods air, light and heat act simultaneously in the
bleaching of the oil, the cquipment required is too cum-
bersdme to be practical.

Recent investigations' in bleaching palm oil by oxygen
“have shown that wot only the coloting matter but the oil
itself was affected. In bleaching palm oil for 30 hours
with air the free fatty acid content rose and titer decreased
considerably. -

iSeifensicder Zeit, 1913, 40, p. 687, 724, 740,
13
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Olive Qil, which comes from the fruit of the olive trees,
varies greatly in quality, according to the method by which
it is obtained and according to the tree bearing the fruis.
Three hundred varicties are known in Italy alone. Since
the larger portion of olive oil is used for edible purpuses,
a lower grade, denatured oil, denatured because of the
tariff, is used for soap manufacture in this country. The
oil varies in color from pale green to golden yellow. Ihe
percentage of free acid in this oil varies greatly, though the
oil does not turn rancid easily. It is used mainly in th¢
manufacture of white castile soap.

Olive oil foots, which is the oil extracted by solvents after
the better oil is cxpressed, finds its use in soap making
mostly in textile soaps for washing and dyeing silks and
in the production of green castile soaps.

Other oils, as poppy sced oil, sesame oil, cottonsced oil,
rape oil, peanut (arachis) oil, are used as adulterants for
olive oil, also as substitutes in the manufacture of castile
soap, since they are cheaper than olive oil.

Cottonsced Oil is largely used in the manufacture of
floating and laundry svaps. It may be used for toilet
soaps where a white color is not desired, as yellow spots
appear on a finished soap in which it has been used after
having been in stock a‘short time.

Corn Oil and Soya Bean Qil are also used to a slight ex-
tent in the manufacture of toilet soaps, although the oils
form a soap of very little body. Their soaps also spot
yellow on aging. 4

Corn oil finds its greatest use in the manufacture of
soap for washing automobiles It is further employed for
the manufacture of cheap liquid soaps.

Fatty Acids are also used extensively in soap manufac-
ture. While the soap manufacturer prefers to use a neutral
oil or fat, since from these the by-product glycerine is

“



RAW MATERIALS

obtained, circumstances arise where it is an advanlage to
use the free fatty acids. Red oil (oleic acid, elaine) and
stearic acid are the two fatty acids most generally bought
for soap making. In plants using the Twitchell process,
which consists in splitting the ncutral fats and oils into
fatty acids and glycerine by dilute sulphuric acid and pro-
ducing their final separation by the use of so-called aromatic
sulphonic acids, these fatty acids consisting of a mixture of
oleic, stearic, palmitic acids, etc, are used directly after
having been purificd by distillation, the glycerine being ob-
tained from evaporating the wash water.

Oleic acid (red oil) and stearic acid are obtained usual-
Iy by the saponification of oils, fats and greases by acid,
lmue or water under pressure or Twitchelling. The
tatty acids thus are frced from their combination with
glicerine and solidify upon couling, after which they are
separated from the water and pressed at a higher or lower
temperature,  The oleic acid, being liquid at ordinary
temperature, together with some stearic and palmitic ac.id,
1s thus pressed out. These latter acids are usually scpa-
rated by distillation, combined with the press cake further
purified and sold as stearic acid.

The red oil, sometimes called saponified red oil, is often
semi-solid, resembling a soft tallowedue to the presence
of stearic acid. The distilled oils are usually clear, vary-
ing in color from light to a deep hrown. Stearic acid,
which reaches the trade in slab f8rm, varies in quality
from % soft brown, greasy, crumbly solid of unpleasant
odor 10 a snow white, wax-like, hard, odorless mass. The
quality of stearic asid is best judged by the melting point,
since the presence of any oleic acid lowers this. The melt-
ing point of the varieties used in soap manufacture usually
ranges from 128° to 132° F. Red oil is used in tht manu-
facture of textile soaps, replacing olive oil foots soap for
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this purpose, chlorophyll being used to color the soap
green. Stearic acid, being the hard firm fatty acid, may be
used in small quantitics to give a better grade of soap body
and finish. In adding this substance it should always
be done in the crutcher, as it will not mix in the kettle.
It finds its largest use for soap, however, in the manu-
facture of shaving soaps and shaving creams, since i
produces the non-drying creamy lather so greatly desired
for this purpose. Both red il and stearic acid being fatty
acids, readily unite with the alkali carbonates, carbon diox-
ide being formed in the reaction and this method is ex-
tensively used in the formation of svap from them.
RANCIDITY OF OILS AND FATS.

Rancidity in neutral oils and fats is one of the problems
the soap manufacturer has 1o contend with, The mere
saying that an @il is rancid is no indication of its being
high in free acid. The two terms rancidity and acidity are
asually allicd.  Fornserly, the acidity of a fat was looked
upon as the direct measure of its rancidity, This wlea is
still prevalent m practice and cannot Le too often stated
as incorrect. Fats and oils may be acid, or rancid, or acid
ard rancid. In an acid fat there has been a hydrolyasis of
the fat and it has develuped a rather high percentage of
free acid. A rancidofat is one m which have been de-
veloped componnds of an odoriferous nature.  An acid and
rancid fat is one in which both free acid and organic com-
pounds of the well known disagreeable odors have been
produced.

It cannot be definitely stated just how this rancidity
takes place, any more than just whay are the chemical
products causing rancidity. The only conclusion that one
may draw is that the fats are first hydrolyzed or split up
into glyéerine and free fatty acids. This is followed by

«an oxidation of the products thus formed.
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Moisture, air, light, cnzymes (organized ferments) and
bacteria are all given as causes of rancidity.

It scems very probahle that the initial splitting of the
fats is caused by enzymes, which are present in the seeds
and fruits of the vegetable oils and tissue of animal fats,
in the presence of moisture. lLewkowitsch strongly em-
phasizes this point and he is substantiated in his idea by
other authorities. Others hold that bacteria or micro-
organisms are the cause of this hydrolysis, citing the fact
that they have isolated various micro-organisms from
various fats and oils, The acceptance of the bacterial ac-
tion would explain the various methods of preservation of
oils and fats iy the use of antiseptic preparations. Tt can-
not, however, be accepted as a certainty that bacteria cause
the rancidity of fats. ,

The action of enzymes is a more prohable explanation.

The hydrolysis of fats and oils is accelerated when they
are allowed to remain for some time in the presence of
organic non fats. Thus, palm oil, lower grades of olive
oil, and tallow, which ha~ been in contact with the animal
tissue for a long time, all contain other nitrogenous matter
and exhibit a larger percentage of free fatty acid than the
nils and fats not containing such in}puritics.

Granting this initial splitting of the fat into free fatty
acids and glycerine, this 15 not a sufiicient explanation. The
products thus formed must he acted upon by air and light.
It isby the action of these agents that there is a further
action upon the products, and from this oxidation we as-
certain by taste argl smell (chemic#l means are still unable
to define rancidity) whether or not a fat is rancid. While
some authorities have presumed to isolate some of these
products causing rancidity, we can only assume the presence
of the various possible compounds produged by the action
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of air and light which include oxy fatty acids, lactones, al-
cohols, esters, aldehydes and other products.

The soap manufacturer is interested in rancidity to the
extent of the effect upon the finished soap. Rancid fats
form darker soaps than fats in the neutral state, and very
often carry with them the disagreeable odor of a rancid oil.
Further, a rancid fat or oil is usually high in {rec acid. It
is by no mcans true, however, that rancidity is a meas-
ure for acidity, for as has already been pointed out, an
oil may be rancid and not high in free acid,

The percentage of free fatty acid is of even greater
importance in the soap industry. The amount of glycerine
vield is dependent upon the percentage of free fatty acid
and is one of the criterions of a guod fat ur oil for soap
stock.

FREVENTION OF RANCIDITY,

Since moistute, air, light and ensymus, produced by the
presence of organic impurities, a1¢ necessary for the ran-
adity of a fat or oil, the methods of preventing rancidity
are given, Complete dryness, complute purification of fats
and oils and storage without access of air or light are de-
sirable.  Simple as these means may seem, they can only
Le approximated in pracice. The most difficult problem is
the removal of the Jaswtrace of moisture. Impurities may
be lessened very oiten by the use of greater care, In stor-
ing it is well to store in closed bairels or closed iron
tanks away from light, as it has been observed that oils
and fats in closed receptacdes become rancid less rafidly
than those in open ones, even though this method of stor-
ing is only partially attdinerd.  Dreservatives are also used,
but only in edible products, where theit effectiveness is an
open question.

SCLIEMICAL COXSTANTS OF 0ILS AND FATS,
Besides the various physical properties of oils and fats,
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such as color, specific gravity, melting point, solubility, etc.,
they may be distingnished chemically by a number of
chemical constants. Thcse are the iodine number, the acetyl
value, saponification number, Reichert-Meiss! number for
volatile acids, Hehner number for insoluble acids. These
constants, while they vary somewhat with any particular
oil or fat, are more applicable to the edible products and
arc criterions where any adultcration of fat or oil is sus-
pected.  The methods of carrying out the analyses of oils
‘and fats to obtain these constants are given in the various
texts* on oils and fats, and inasmuch as they are not of
great importance to the soap industry they are merely men-
tioned here.

OIL HARDENING OR HYDRCGENATING.

It is sery well known that oils and fats vary in con-
sistency and  harduess, depending upon the glycerides
forming same.  Olein, a cumbination of oleic acid and
glycerine, as well as olde acid itself largely forms the
Iuid portion of oils and fats. Oleic acid (C,H0;) is an
unsaturated acid and differs from stearic acid C,150,),
the acid forming the hard firm portion of oils and fats,
hy containing two atoms of hydrogen less in the mole-
sule. Theoretically it should be a simple matter to intro-
mée two atems of hydrogen into oleie acid or olein, and
by this mere addition convert liquid oleic acid and olein
into solul stearic acid and stearine,

Yor gears this was attenipted and all attempts to apply
the well known methods of reduction (addition of hydro-
gen) in urganic ch.emistry, such as trcatment with tin
and acid, sudium amalgam, etc, were unsuccessful. In
recent years, however, it has been discovered that in the
presence of a catalyzer, nickel in fnely divided form

T"eOfficial Methods, sce Bull, 107, A. O. A. C., U. 5. Dept. Agricult.
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or the oxides of nickel are usually employed, the process
of hydrogenating an oil is readily attained upon a prac-
tical basis.

The introduction of hardencd oils has opencd a new
source of raw material for the soap manufacturer in
that it is now possible to use oils in soap making which
were formerly discarded because of their undesirable
odors. Thus fish or train oils which had up to the time
of oil hydrogenating resisted all attempts of being per-
manently deodorized, can now be employed very satis-
factorily for soap manufacture. A Japanese chemist.
Tsujimoto' has shown that fish «ils contain an unsatu-
rated acid of the composition C, H..0,, for which e pro-
posed the name clupanodonic acid. By the catalytic hard-
ening of train oils this acid passes to stearic acid and the
problem of deodorizing these oils is sulved?

At first the introduction of hardcued oils for soap
manufuactures met with numcrous objections, due to the
continual failures of chlaining.a satisfactory product by
the use of same. Various attenipts have now shown that
these oile, particularly  bhardened  train  oils, produce
extraordinarily useful materials for soap making. These
replace expensive tallow and other high melting oils. It
is of course impossible to empley hardened nils alone, as
a soap 50 hard would thus he obtained that it wonld
be difficultly suluble in water and possess very little lather-
ing quality. By the addition of 20-25¢% of tallow oil or
some other oil forming a soft snap a very suitabl® soap
for houschnld use niay he obtained. Ribot' discusses this
matter fully. Hardened oils readily saponify, may be

ljourn. Coll, of Frgin. Tokyn Ym;n-r. Urv, (1906) p. 1. Abs.
Chem. Revue f. 4. Fett-u. Hurz, Tud. 16, . 84; 20,
s GM yeozbnr;o—Fnr! der Chem., Plnuk und Pllynk Chtm (1913),
® Seifs. Ztg. (1913), 40, p. 142,
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perfumed without any objections and do not impart any
fishy odor to an article washed with same. Meyerheim*
states that through the use of hydrogenated oils the hard-
ness of soup is extraordinarily raised, so that soap made
from hardened cottonseed oil is twelve times as hard as
the soap made from ordinary cottonseed oil. This soap
is also said to no longer spot yellow upon aging, and a~
a consequence of its hardness, is able to contain a con-
‘siderably higher content of rosin through which lather-
"ing’ power and odor may be improved. Ilardened .oils
can casily be used for toilet soap bases, provided they
are not added in too great a percentage.

The use of hardened oils is not yet general, but there
is little doubt that the introduction of this process goes a
long way toward solving the problem of cheaper soap
material for the coap making industry.

GREASE.

Grease varies so greatly in composition and consistency
that it can hardly be classed as a distinctive oil or fat.
It is obtained from refuse, bones, hides, etc, and while
it contains the same constituents as tallow, the olein con-
teni is considerably greater, which causes it to be more
fiquid in composition, Grease differs in color from an
~ff-white to a dark brown. The letter qualitics are em-
ployed in the manufacture of laundry and chip soap.
while tiie poorer qualities are only fit for the cheapest of
soaps gised in scrubbing floors and such purposes. There
is usually found in grease a considerable amount of gluey
matter, lime and yater. The pergentage of free fatty
acid is generally high.

The darker grades of grease are bleached before be-
ing used. This is done by adding a small quagtity of
sodium nitrate to the melted grease and agitating, then

¢ Loc. cit.
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removing the excess saltpeter by decomposing with sul-
phuric acid. A better method of refining, however, is by
distillation. The chrome bleach is also applicable.

ROSIN (COLOPHONY, YELLOW ROSIN, RESINA).

Rosin is the residue which remains after the distil-
lation of turpentine from the various species of pines.
The chief source of supply is in the States of Georgia
North and South Carolina. It is a transparent, amber
colored hard pulverizable resin. The hetter grades: are
light in color and known as water white (w. w.) and
window glass (w. g). These are obtained from a tree
which has been tapped for the first year. As the same
trees are tapped from year to year, the product becomes
deeper and darker in color until it becomes almost black,

The constituents of rosin are chiefly (80-90°¢) abietic
acid or its anhydride together with pinic and sylvic
acids. Tts specitic gravity is 1.07-1.08, melting point
about 1525 (.. and it is <oluble in alcohol, ether, benzine,
carbon disulfide, oils, alkalis and acetic acid. T he main use
of rosin, outside of the production df varnishes, is in the
production ol laundry soaps, although a slight percentage
acts as a binder and fixative for perfumes in toilet soaps and
adds to their detersnt properties. Since it is mainly com-
posed of acids, it readity anites with alhaline cariionates
though the sapenilication is not guite complete and the
last portion must he compieted through the use of caustic
hydrates, unless an excess of 10% carbonate ober the
theoretical amount is used. A lIyc of 20 B. is hest
adapted to the saponflication of rosin when caustic hydrates
are employed for this purpose, since weak lyes cause
frothing. While it is sometimes considered that rosin
is an ;dulterant for soap, this is hardly justifiahle, as it
adds to the cleansing properties of soap. Soaps contain-
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ing rosin are of the well known ycllowish color common
o ordinary laundry soaps. The price of rosin has so
risen in the last few years that it presents a problem of
cost to the soap manufacturer considering the price at
which laundry soaps are sold.

ROSIN SAPONIFICATION,

As has been stated, rosin may be saponified by the use
of alkaline carhomates. On account of the possibility of
the soap frothing over, the kettle in which the operation
takes place should be set flush with the floor, which
ought to he constructed of cement. The kettle itself is
an open one with round bottom, equipped with an open
steam coil and skimmer pipe, and the open portion is
protected by a semi-circular #il. A powerful grid, hav-
ing & 3-inch mesh, covers oune-half of the kettle, the
sharp edges protruding upwards,

The staves from (he rosin casks arc removed at the
edge of the kettle, the rosin placed on the grid and
heaten through with a hammer to break it up into small
pieces.

To saponify a ton of rosin there are required 200 Ibs,
soda ash, 1,600 lhs. water and 100 Ibs, salt. Half the
water is run into the kettle, hoiled, arct then the snda ash
«ad halfl the salt added. The rosin is now added through
the grid and the mixture thoroughly boiled.  As carbon
dioxide is evolved hy the reaction the boiling is con
tinued$for one honr to remove any cxcess of this gas. A
portion of the salt is gradually added to grain the soap
well and to keep the mass in such tondition as to favor
the cvolution of gas. The remainder of the water is
added to close the soap and boiling continued for one
or two hours longer. At this point the kettle yust be
rarefully watched or it will beil over thrqugh the further
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escape of carbon dioxide being hindered. The mass,
being in a frothy condition, will rapidly settle by con-
trolling the flow of stcam. The remaining salt is then
scattered in an® the soap allowed to settle for.two hours
or longer. The lyes are then drained off the top.
If the rosin soap is required for toilet soaps, it is
grained a second time. The soap is now boiled with
the water causcd Ly the condensation of the steam, which
changes it to a half grained soap suitable for pumping.
A soap thus made contains free soda ash 0.15% or less,.
free rosin about 15%. The mass is then pumped to the
kettle containing the snap to which it is to he adided at
the proper stage. The time consumed in thus saponifying
rosin is about five hours.

NAPHTHENIC ACIDS.

The naphtha or cride petroleum of the various prov-
inces in Iorope, as Russia, Galacia. Alsace and Rou-
mania yield a series of bodics of acid character upon re-
fiming which are designated under the general name of
naphthenic acids.  These acids are retained in solution
in the alkaline lyves Jdining the distillanm of the naphtha
i the form of alkaline napbthenates. Upon adding di-
lute sulphuric aci! to theee lyes the naphthenates are
decomposed and the naphthenic acids float to the sur-
face in an oily luyer of characteristic disacrecable oder
and varying frem yellow to brown m color’.  In Russia
particnfarly lLirge quantitics of these acids are envployed
in the manufacture of soap.

The soaps formed® from naphtheni acids have recently
been investigated® and found to resemble the soaps made
from cocoanut oil and palm kernel oi!, in that they are

1 es Matieres Grajsses (1914), 7, 69, p. 3367.
A Zeit. £, Angew, Chem, (1914), 27, 1, p. 24,
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difficult to salt out and dissociate very slightly with water,
The latter property makes them valuable in textile in-
dustries when a mild soap is required as a detergent, e. g,
in the silk industry. These soaps also possess a high solvent
power for mincral oils and emulsify very readily. The
mean molccular weight of naphthenic acids themselves is
very ncar that of the fatty acids contained in cocoanut
oil, and like those of cocoanut oil a portion of the sepa-
rated acids arc volatile with steam. The iodine number
indicates a small content of unsaturated acids.

That naphthenic acids are a valuable soap material is
now recognized, but except in Russia the soap is not
manufactured to any extent at the present time.

ALKALIS,

The common alkali metals which enter into the for-
mation of soap are sodium and potassium. The hy-
droxides of these metals arc usually used, except in the
so called cirbonate saponification of free fatty acids in
which case sodium and potassium carbonate are used. A
water solution of the caustic alkalis is known as lye, :nd
it is as lves of various strengths that they are added
to nils and fats 1o form soap. The density or weight of
a lie is considerably greater than that of water, depend-
g upon the amount of alkali disse'ved, and its weight
15 usually determined by a hydrometer. This instrument is
gradvated by a standardized scale, and while all hydro-
meters. should read alike im a liquid of known specific ..
gravity, this is generally not the case, so that it is advisable
to check a new hydrometer for accurate work against one
of known accuracy. In this country® the Baumé scale has
been adopted, while in England a different graduation
known as the Twaddle scale is used. The strength of a
lye or any sulution is determined by the distancs the in-
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strument sinks into the solution, and we speak of the
strength of a solution as so many degrees Baumé or Twad-
dle which are read to the point where the meniscus of the
Iye comes on the graduated scale. Hydrometers are
graduated differently for liquids of different weights. In
the testing of lyes one which is graduated from 0° to
50° B. is usually employed.

Caustic soda is reccived by the consumer in iron
drums weighing approximately 700 lbs. each. The vari-
ous grades are designated as 60, 70, 74, 76 and 774,
These percentages refer to the percentage of sodium
oxide (Na.Q) in 100 parts of pure caustic soda formed
by the combination of 7714 parts of sodium oxide and
2214 parts of water, 7714%¢ being chemically pure caustic
soda. Therc arc generally impurities present in com-
mercial caustic soda. These consist of sodium carbonate,
sodium chloride or common salt and sometimes lime. It
is manufactured by treating sodwm carbonate in an iron
vessel with calcium hydroxide or slaked lime. or by elec
trolysis of common salt. The latter process has yet been
unable to compete with the former in price. Formerly
all the caustic soda used in soap making was imported,
an4 it was only through the American manufacturer
using a similar container to that used by foreign manu-
facturers that they ‘were able to introduce their product.
This prejudice has now heen entirely overcome and most
of the caustic soda uscd in this country is manufactured
here.

CAUSTIC FOTASH.

The output of the salts containing potassium is con-
trolled almost entrely by Germany. Formerly the chief
source of supply of potassium compounds was from the
burned ashes of plants, but about fifty years ago the in-

. exhaustible salt mines of Stassfurt, Germany, were dis-
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covered. The salt there mined contains, besides the
chlorides and sulphates of sodium, magnesium, calcium
and other salts, considerable quantities of potassium
chloride, and the Stassfurt mines at present are prac-
tically the cntire source of all potassium compounds, in
spite of the fact that other localities have been sought
to produce these compounds on a commercial basis, espe-
cially by the United States government.

- After separating the potassium chloride from the mag-
‘nesium chloride and other substances found in Stassfurt
salts the methods of manufacture of caustic potash are
identical to thosc of caustic soda. In this case, however,
domestic electrolytic caustic potash may be purchased
cheaper than the imported product and # gives results
equal to those obtained by the use cf the imported article,
opinions to the contrary among soap makers being many.
Most of the caustic potash in the United States is manu-
factured at Niagara Falls by the Niagara Alkali Co.,
and the Hooker Electrochemical Co., chlorine being ob-
tained as a by-product. The latter concern employs the
Townsend Cell, for the manufacture of electrolytic pot-
ash, and are said to have a capacity for making 64 tons
of alkali daily.

Since the molecular weight of caustic potash (56) is
greater than that of caustic soda (40) more potash is
required to saponify a pound of fat. The resulting potash
soap is correspondingly heavier than a soda soap. When
salt is*added to a potassium soap double decomposition
occurs, the potassium soap being transformed to a so-
dium soap and the Potassium uniting with the chlorine to
form potassium chloride. This was one of the earliest
methods of making a hard soap, especially in Germany,
where potash was derived from leeching ashes of burned
wood and plants.
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SUDIUM CARBONATE (50DA ASH),

While carbonate of soda is widely distributed in na-
ture the source of supply is entirely dependent upon the
manufactured product. lts uses are many, but it is espe-
cially important to the soap industry in the so called car-
bonate sapunilication of free fatty acids, as a constituent
of soap powders, in the neutralization of glycerine lyes
and as a filler for laundry soaps.

The old Irench Le Blanc soda process, which consists
in treating common salt with sulphuric acid and reducing
the sodium sulphate (salt cake) thus formed with car-
bon in the form of charcoal or coke to sodium sulphide,
which when treated with caleium carbonate yields a mix-
ture of calcium sulphide and sodium carbonate (black ash)
from which thie carhonate is dissolved by water, has been
replaced by the more recent Solvay ammonia soda process.
Even though there is a considerable loss of salt and the by
product calcrum chloride produced by this process is only
partially used up as a drying agent, and for refrigerating
purposes, the Le Dlane process cannot compete with the
Solvay process. so that the time is not far distant when
the former will be considered a chemical curiosity. In
the Solvay mcthod of manufacture sodium chloride (com-
mon salt) and amgionum bicarbenate are mixed in so-
lution.  Dauble deenrnposition necurs with the formation
of ammonium chleride and sodium bicarhonate, The lat-
ter salt is comparatively difficultly soluble in water and
crystallizes out, the ammonigm chloride romaining®in so-
lution.  When the <adivm hicarhanate s heated it yields
sodium carly nate, carben dinxide #d water, the car-
bon dioxide is paczed int- ammcenia which is set free from
the ammonium chloride obtained as above by treatment
with lime (calcium cxide) calcium chloride being the by-
product..
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Sal soda or washing soda is obtained by recrystallizing
a solution of soda ash in water. Large erystals of sal
soda containing but 37% sodium carbonate are formed.

POTASSIUM CARBONATE.

Potassium carbonate is not cxtensively wsed in the
manufacture of soap. It may be used in the forming of
soft soaps hy uniting it with free fatty acids. The meth-
»ds of manufacture are the same as for sodium carbonate,
.although a miach Lirger quantity of potassium carbonate
than carbonate of soda is obtained from burned plant
ashes. Purified potassium carbonate is known as pearl ash.

ADDITIONAL MATERIM. USED IN SOAP MAKING.

Water is indispensable to the soap manufacturer. In the
<oap factory hard water is often the cruse of much trouble.
Water, which is the best solvent known, in passing through
the crevices of rocks dissolves some of vhe constituents
of these, and the water is known as bard. This hard-
ness is of two kinds, temporary and permanent. Tem-
potarily hard water is formed by water, which contamne
carbonic acid, dissolving a portion of calcium carbonate
or carhonate of lime. Upon hoiling, the carbonic acid is
driven from the water and the carbonate, being insoluble
1 carbon dioxide free water, is depusited. This is the
cause of boiler scale, and to check this a small amount of
sal ammoniac may be added to the water, which con-
verts the carbonate imto soluble calcium chloride and
volatile ammonium carbonate.  Permanent hardness is
caused by calcium sulphate which is soluble in 400 parts
of water and cannof be removed by boiling.

“The presence of these salts in water form insoluble lime
soaps which act as inert bodies as far as their value for
the common use of soap is concerned. Where ghe per-
centage of lime in water is large this should be removed.
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A method generally used is to add about 5% of 20° B.
sodium silicate to the hard water. This precipitates the
lime and the water is then sufficiently pure to use.

Salt, known as sodiun chloride, is used to a large ex-
teit in soap making for “salting out” the soap during
saponification, as well as graining soaps. Soap ordinarily
soluble in water is insoluble in a salt solution, use of
which is made by adding salt to the soap which goes
into solution and throws any soup dissolved in the lyes
out of solution. Salt may contain magnesium and ‘2l
cium chlorides, which of coursc are undesirable in large
amounts. The products on the market, however, are
satisfactory, thus no detail is neccssary.

Filling materials used are sodium silicate, or water
glass, talc, silex, pumice, starch, borax, tripoli, etc.

Besides these other matcrials are used in the refining
of the oils and fats, and glycerine recovery, such as
Fuller's earth, bichromates of soda or potash, sulphate of
alumina, sulphuric and hydrochloric acids and alcohol.

A lengthy descripiion of these substances is not given,
as their modes of use are detailed elsewhere.



CHAPTER II

Construction and Equipment of a Soap Plant.

No fixed plan for the construction and equipment
uf a soap plant can be given. The specifications for a
soap factory to be erccted or remodeled must suit the
particular cases. Very often a building which was con-
‘structed for a purpose other than soap manufacture must
be adapted for the production of soap. In either case
it is a question of engineering and architecture, together
with the knowledge obtained in practice and the final de-
cision as to the arrangement is best solved by a confer-
ence with those skilled in each of these branches.

An ideal soap plant is one in whick the process of 8oap
making, from the melting out of the stock to the packing
and shipping of the finished product, moves downward
from floor to floor, since hy this method it is possible to
utilize gravitation rather than pumping liquid fats and
fluid soaps. Convenience and economy arc obtained by
such an arrangement.

The various machinery and other equipment for soap
manufacture are well known to thoserconnected with this
w.dustry. It varies, of course, depending upon the kind
of svup to be manufactared, and full destriptions of the
necessary machinery are best given in the catalogs issued
by the manufacturers of such cquipment, who in this
country are most reliable.

To know “just what equipment i necessary can very
casily be described by a brief outline of the process vari-
ous soaps undergo to produce the finished article. After
the saponification has taken place in the soap kgttle the
molten soap is run directly into the soap frames,
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which consist of an oblong compartment, holding any-
where from 400 to 1,200 pounds, with removable steel
sides and mounted upon trucks, in which it solidifics. In
most cases it is advisable to first run the soap into a
crutcher or mixer which produces a more homogeneous
mass than if this operation is omitted. Color and per-
fume may also be added at this point, although when a
better grade of perfume is added it must be remembered
that there is considerable loss duc to volatilization of
same. When a drying machine is employed the molten
soap is run dircctly upon the rollers of this machine,
later adding about 1.0¢¢ zine oxule to the soap irom
which it passes continuously through the drying chamber
and is emitted in chip form ready for milling, After
the soap has been framed. it is allowed to cool and
solidify, which takes several days, and then the sides of
the frame are stripped off. The larpe solid cake is cut with
wires by hand or by a slabber into slabs of any desired
size. These slabs are further divided into swaller di-
visions by the cutting table In non-milled soaps (laun-
"Jdry soaps, floating soaps, ete.). these are pressed at this
stage, usually by automatic prisses. after a thin hard
film has been formed over the cake by allowing 1t to dry
slightly. In making these soaps they are not touched by
hand at any time during the opctation, the pressing,
wrapping and packing all hemg done by machinery. For
a milled soap the larpe slabs are cut into narrow oblong
shapes by means of the cutting table to readily pass into
the feeder of the clipper, the chips Leing spread upon
trays and dried in a dry house until the moisture content
is approximately 15%.

The process of milling is accomplished by passing the
dried saap chips through a soap mill, which is a machine
consisting of ugnally three or four contigunus, smooth,
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granite rollers operated by a system of gears and set
far enough apart to allow the soap to pass from a hopper
to the first roller, from which it is constantly conveyed
to each succeeding roller as a thin film, and finally
scraped front the last roller to fall into the milling box
in thin ribbon form. These mills are often operated in
tandem, which necessitates less handling of soap by the
wperator.  The. object of milling is to give the soap a
*glossy, smooth finish and to blend it into a homogeneous
miss. The perfume, color, medication or any other ma-
terial desired are added to the dried soap chips prior to
milling. Some manufacturers use an amalgamator to
distribute these uniformly through the soap. which elimi-
nates at least onc milling. \When a white soap is being
put through the mill, it is advisable to add from,
05% to 17 of a good, fine quality of zinc oxide to the
soap, if this substance has not been previously added.i
This serves to remove the yellowish cast and any trans-
lucency occasioned by plodding. Too great a quantity
of this compound added, later exhibits itself by imparting
to the soap a dead white appcarance. Inasmuch as the
milling process is one upon which the appcarance of a
finished cake of toilet soap largely depends, it should be
carcfully done. The number of tirues a soap should be
milled depends upon the character of a soap being worked.
It should of course be the object to mill with as high a
peregntage of moisture as possible. Should the soap be-
come too dry it is advisable to add water directly, rather
than wet soap, singe water can more easily be distributed
through the mass. As a general sfatement it may be said
it is better pulicy to overmill a soap, rather than not mill
it often enough.

After the soap has been thoroughly milled 13 is ready
for plodding. A plodder is so tonstructed as to take the
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soap ribbons fed into the hopper by means of a worm screw
and continuously force it under great pressure through a
‘jacketed cylinder through which cold water circulates in
the rear to compensate the heat produced by friction and
hot water at the front, to soften and polish the soap which
passes out in solid form in bars of any shape and size
depending upon the form of the shaping plate through
which it is emitted. The bars run upon a roller board,
are cut into the required length by a special cake cutbing
table, allowed to dry slightly and pressed either auto-
matically or hy a fuot power press in any suitable soap die.
The finished cake is then ready for wrapping and after due
time in stock reaches the consumer.

Besides the various apparatus mentioned above there are
many other parts for the full equipment of a modern soap
plant, such as remelters, pumps, mixers, special tanks,
power cquipment, etc, As has been stated, however, prac-
tical expericnce will aid in judging the practicability as to
installation of these. The various methods of powdering
soap are, however, not generally known., Where a coarse
powder is to he produced, such as is used for common
washing powders, no great difficulty is experienced with
the well known Blanchard mill. In grinding soap to an
impalpable powder the difficulties increase. The methods
adapted in pulverizing toaps are by means of disinte-
grators, pebble mills and chaser mills.  The disintegrator
grinds by the principle of attrition, that is, the material is
reduced by the particles being causcd to beat against®each
other at great velocity; a pebble mill crushes the sub-
stance by rubbing 1t hotween hard pelBles in a slowly re-
volving cylinder; the chaser mill first grinds the material
and then floats it as a very fine powder above a curb of
fixed height. The last method is particularly adapted for
the finest%f powder (140 mesh and over).
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CHAPTER 1III

Classification of Soap-Making Methods.

_ In the saponification of fats and oils to form soap
through the agency of caustic alkalis, as has been stated,
the sodium or potassium salts of the mixed fatty acids are
Yormed. Sodium soaps are usually termed hard soaps, and
“potassium soaps soft. Therc are, however, a great many
varietics of soaps the appearance and properties of which
depend upon their method of manufacture and the oils or
fats uscd therein.

The various mcthods adopted in soap making may be
thus classified:

1. Boiling the fats and oils in open kettles by open
steam with indefinite quantities of caustic alkali solutions
until the finished soap is obtained; ordinarily named full
boiled soaps. These may be sub-divided into (a) hard
s..aps with sodium hydrate as a hase, in which the glycerine
15 recovered from the spent lyes; (b) hard soaps with
suda as a base, in which the glycerine remains in the
snap, ¢. g., marine cocoanut oil soaps; (c) soft potash
soaps, in which the glycerine is retaimed by the soap.

2. Combining the required amount of lve for complete
saponification of a fat therewith, heating slightly with dry
heat and then allowing the saponification to complete itself.
This 15 known as the cold process.

3. Utilizing the fatty acid, instcad of the neutral fat,
and combining it dfrectly with caudtic alkali or carbonate,
which is incorrectly termed carbonate saponification, since
it is merely neutralizing the free fatty acid and thus is
not a saponification in the true sense of the word. No
glycerine is directly obtained Dby this method®as it is
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waally previously removed in the clearage of the fat by
vither the Twitchell or autoclaive saponification method.

In the methods thus outlined the one most generally
employed is the full boiled process to form a sodium soap.
This method of making soap requires close attention and
a knowledge which can only be obtained by constant prac-
tice. The stock, strength of lyes, heat, amount of salt or
brine added, time of settling, ctc. are all influencing
factors. L

The principles involved in this process are briefly these:

The fat is partly saponified with weak Ives (usually
those obtained from a previous boiling in the strengthening
change are used), and salt is added to grain the soap. The
mass is then allowed to settle into two layers. The upper
layer is partly saponified fat; the lower layer, or spent lye,
is a solution of salt, glycerine, and contains any albuminous
matter or any other impurity contained in the fat. This
is known as the killing or glycerine change. Strong lyes
are now added and the fat entirely saponified, which is
termed the strengthening change. The mass is then al-
lowed to settle and the fluid soap run off above the “nigre.”
This operation is called the finish or finishing change.

The method may be more fully illustrated by a conerete
example of the metthd of manufacture of a tallow hase:

Charge—-
Tallow ...... ceiv oo, .. B8percent,
Cocoanut wil 10 per cent.’
Rosin w. w....... [ 2 per cent.
Amount chdrge .... ... * 10tons

About five tons of tallow and one ton of cocoanut oil
are pumped or run into the soap kettle and brought to a
boil with gwet steam until it briskly comes through the hot
fat. The caustic, soda (strengthening Iyes from former
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boilings may be used here) is gradually added by the dis-
tributing pipe, any tendency to thicken beiig checked by
the introduction of small quantities of brine (“salt pickle”).
If the lye is added too rapidly the soap assumes a granular
appearance, indicating that the addition of same must be
discontinued. Water should then be added and the mass
boiled through until it again closes. When the addition
of the proper amount of caustic soda is nearing its com-
pletion the soap gradually thins. The stcam is nbw cut
down to about one turn of the valve, and brine is rapidly
added or salt shaveled in. In ten to fifteen minutes the
steam again breaks through and, from the appearance of
the soap, it can be seen whethers sufficicnt brine has been
added. A sample taken out by means of a long wooden
paddle should show the soap in fine prains with the lyes
running from it clear. The steam is then shut off and the
soap allowed to settle from one and one-half to two hours.
In all scttlings the longer time this operation is permitted
to continue, the better will the subsequent operations
proceed.

The mixture now consists of a partly saponified layer
of fat above the spent lyes. The lyes are drawn off until
soap makes its appearance at the exit pipe. The valve is
then closed and the soap blown back, into the kettle by
st~am. The Iyes thus obtained are known as spent lyes,
from which the glycerine is recovered. They should show
an alkalinity of approximately 0.5 per cent. if the operation
is carctully carried out.

The remaining tallow is now added and the above oper-
ations repeated.

After the spent lyes have been drawn off, the soap is
closed with water and the proper percentage of rosin soap
previously formed, or rosin itself is added to the mass in
the kettle More lye is then allowed to flow in @ntil the
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mixture is up to “strength.” This is usually tested by the
“bite” on the tongue of a small cooled sample. After boil
ing until the steam comes through, the mass is grained with
salt as before and allowed to settle one and one-half to
three hours. These lyes, known as strengthening lyes
are run to storage to be used subsequently with iresh fat
to take up the caustic soda contained therein.

The soap is now ready for finishing and is first bonlul
through and tricd for strength. A drop of phcnolphlhalcm
(1 per cent. phenolphthalein in 98 per cent. alcohol) is al+
lowed to drop ou the molten soap taken up on a trowel.
The red color should be instantly produced and develup to
a full deep crimson in a few scconds, or more lye must be
added until this condition is rcalized. Should it flash a
deep crimson immediatcly it is on the strong side. This
cannot be conveniently remedied; it can only serve as a
guide for the next boil, Lut in any case it is not of any
serivus consequence, unless it is tou strong.

With the steam on, the svap s now examined with a
trowel which must be thoroughly heated by working it
about under the surface of the hot soap. The appearance
of the soap a» it runs from the fuce of the trowel indicates
its condition. It is not pussible to absolutely describe the
. effect, which can ofly be properly judged by practice, yet
the following points may serve as a guide. The indications
to be noticed are the shape and size of the flakes of soap
a8 the sample on the trowel breaks np and runs from the
hot iron surface, when the Later ic turned in a vertical
position, as well as the condition of the iron surface from
which the <oap flaked have fallen  A’closed svap will run
slowly into a homogencous sheet, leaving the trowel's sur-
face covered with a thin layer of transparent soup; a
grainec mass will run 1apidly down in tiny grains, about
one-half an inch in diameter or less, leaving the hot trowe}
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absolutely dry. The object of the finish is to separate the
soaps of the lower fatty acids from those of the higher, and
both from excess of liquid. A point midway between
“open” and “closed” is required to arrive at this point.

Having arrived at the above condition, the soap is al-
lowed to scttle anywhere from one to three days and then
run off through the skimmer pipes to the nigre and framed
or pumped to the tank feeding the drying machine.

‘The stack thus obtained should be fairly white, depend-
ig upon the grade of tallow uscd and slightly alkaline to
an alcoholic phenolphthalein soldtion. If removed at ex-
actly the neutral point or with a content of free fat the
soap will sooner or later develop rancidity. ‘The soap thus
ubtained is an ordinary {allow base, and the one by far
greatest used in the manufacture of toilet soaps. The per-
centage of cocoanut oil indicated is not fixed and may
readily be varicd, while in fine toilet soap the rosin is
usually eliminated.

In the manufacture of full boiled soda soaps in which no
glycerine is obtained as a by-product, it being retained in
the soap itsclf, the soap formed is known as a “run” soap.
The process is nsed most extensively in the manufacture
of marine soaps by which the method may be best illus-
trated. This soap is known as marine Soap because of its
roperty of readily forming a lather with salt water and
15 mestly consumed aboard vesscls.

Marine soaps are manufactured by first placing in the
kettle # caleulated amount of lye of 25 deg. to 35 deg. B,
depending upon the amount of moisture desired in the fin-
ished soaps, plus a Blight excess required to saponify a
known weight of cocoanut oil. With open steam on, the
cocoanut oil is then gradually added, care being taken that
the soap does not froth over. Saponification takes place
readily and when the oil is entirely saponified the §nished
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soap is put through the process known as running. This
consists in constantly pumping the mass from the skimmer
pipe back into the top of the kettle, the object being to
prevent any setiling of the nigre or lye from the soap, as
well as producing a homogencons mass. It is customary
to begin the saponification in the morning, which should be
completed by noon. The soap is then run for about three
hours and framed the next morning.  After having re-
mained in the frame the time required to solidify and conl,
the soap is slabbed and cut into cakes. This process is
difficult to carry out properly, and one not greatly’ em-
ployed, although large quantitics of marine soap are pur-
chased by the government for use in the navy and must
fulfill certain specifications required by the purchasing
department.

In making potash soaps it is practically impossible to ob-
tain any glycerine dircetly hecanse of the pasty consistency
of the soap, and ne vraining is possible Lecause the addi-
tion of salt to a ~oft < ap as alrcady explained, would form
a soda snap large quantities of « ft svap~ are required for
the textile industrivs who desire mostly a strong potash
enap, and the large number of automohiles in nse at the
present time has opened a ficld for the use of a soft soap
for washing thcsc.‘ A soap for this pnrpase must he neu-
tral so as not to affect the varnish or paint of automobiles

A suitable soap for textile purposes mav he made a<
follows :

Red oil . . X0 |'o:n'h6
House grease . 0 yparts
Caustic sod# Iye. 36 deed P 3 parts
Carhonate of potash 574 parts
Caustic potash .. .. 2314 parts

Olive oil, corn oil, soya bean oil, olive nil fouts or cot-
“®
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tonseed oil may replace any of the above oils. A large
quantity of cottonseed oil will cause the soap to fig.

To carry out the process, the caustic potash and car-
bonate of potash are dissolved and placed in the kettle
together with the soda lye, and the oils added. This is
most satisfactorily accomplished by being finished the day
before the boiling is begun. The next day the boiling is
begun and water added to bring the soap up to the desireu
percentage of fatty acid, duc allowance heing made for the
water formed by the condensation of the open steam in
boiling. Carc must be taken that the soap in the kettle
does not swell and run over during the saponification.
A good procedure is o use open steam for a period of
about two hours, then close the valve and allow the sapon-
ification to continue without boiling, and repeat this until
it is entirely saponiticd. After the saponification has been
completed the soap is briskly boiled all day and the proper
corrections made; that is, if too alkaline, more oil is added,
and if frec fat is present, more potash. About 2 per cent.
carbonate of potash is the proper amount for a soap con-
taining 50 per cent. fatty acid. The soap is sampled by
allowing it to drop on a clean, cold glass surface. In so
doing, the soap should not slide or slip over the glass sur-
face when pressed thercon. hut should adhere to the glass,
ar it is too alkaline. A sample worked between the fingers
shuving too much stringiness should have more strong
potash and oil added. A sample taken out in a pail and
allowed to cool over night will serve as a guide as to the
body of the soap in the kettle. When the soap has thus
been properly finished it is run into, barrels.

For an antomobile soap the following is a good working
formula:

Comm oil......oocoiviiinein.. 1,000 parts
Potash lye, 31; degs. B... 697 parts
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Proceed as in the directions just given for textile soap
in placing charge in the kettle. When the kettle is boiling
up well, shut off the steam and the saponification will com-
plete itself. The soap may be run into the barrels the
next day.

A heavy soap with a smaller percentage of fat may be
made as follows:

Corn oil....coiiiiniiiiinnn, 1,000 parts
Potash lyc, 2414 degs. B....... 900parts

Boil until the soap bunches, and shovel the finished soap
into barrels. Upon standing it will clear up. By the addi-
tion of more watcr the yield of soap per pound of oil may
be run up to 300 per cent.

After soft soaps have been allowed to stand for some
time the phenomenon known as “figging” often occurs.
This term is applied to a crystalline-like formation, caus-
ing spots of a star-like shape throughout the soap.
This is undoubtedly due to the stearine content of the soap
crystallizing out as it cools, and forming these peculiarly-
shaped spots. 1t more gencrally occurs in the winter and
may be produccd artificially by adding a small guantity ot
soda to the potash lye before saponification.

The oils usnally employed in the manufacture of potash
soaps arc cottonsceM ail, corn oil, soya bean oil, olive oil
foots, red oil, cocoannt nil, grease and the various train
cils. The usual pereentage yield is from 225 per cent. to
300 per cent, baserd upon the weight of oil used. ¥n cal-
culating the weight of a soft soap it it to be remembered
that since potassium has a higher nfolecular weight (56)
than sodium (40), the corresponding soap formed is that
much greater in weight when compared with a sodium
soap. Kosin may be added to soft soaps as a cheapening
agent.
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COLD PROCESS.

The cold process for manufacturing soap is the simplest
method of soap making, and the equipment required is small
when compared to the other methods. All the more expensive
equipment that is necessary is a crutcher, a tank to hold the
lye, frames, a slabber or cutting table, and a press. Yet,
in spite of the simplicity of thus making soap, the disad-
vantages are numerous for the production of a good piece
of soap. The greatest difficulty is to obtain a thorough'
‘combination of oil or fat and lye so that there will not be
an excess of one or the other in the finished soap. At its .
best there is either a considerable excess of free fat which
later exhibits itsclf in producing rancidity or uncombined
caustic, which produces an unpleasant effect on the skin
when the soap is consumed for washing. The latter ob-
jection, of course, can only be applied to toilet soaps.

Cocoanut oil is used very largely in the manufacture of
cold-made soaps as it is well adapted for this purpose, al-
though it is by no means true that other oils may not be
employed. Since by this process of manufacture no im-
purity contained in the fat or oil is removed in the making
of the soap. it is necessary that in order to obtain a fine
finished product, any impurity contained in these may be
removed if present, or that the fats be as pure as can be
obtained. If inedible tallow is used for cold-made soap,
it is advisable to bleach it by the Fuller's Earth Process.

The carrying out of this method is best illustrated by
an example of a colg-made cocoanut oil soap.

Charge:
Cochin cocoanut oil............ 846 parts
Lye (soda), 35 degs. B......... 470 parts
Water ..o.oviiviiiiiainnnn, 24 parts
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The oil is run into the crutcher and the temperature of
the oil raised to 100 degs. F. by dry steam. The lye and
water are at room temperature.  After all the oil is in the
crutcher, the lye and water are slowly added to prevent
any graining of the soap. Toward the end the lye may be
added more rapidiy. When all the Ive is in, the mass i«
crutched for about three hours, or until upon stopping
the crutcher a finger drawn over the surface of the soup
leaves an impression. 1 this condition is not realized
the soap must he mixed until such is the case. Having ar
rived at this point, the mixture is dropped into a fram
which should remain uncovered. The heat produced hy the
further spontancous saponitication will cause the soap te
rise in the middle of the frame. After having set for some
days it is ready to he slalbed and et into cakes.

A potash snap may he made by the eold process just as
readily as a soda soap  Seaps of this type may be madle
by either of ‘these formulae in a erutcher:

Olive oil feot~. ... oo o L . 600

Potash lye, 1R degs B hot. 20 chgs B cold 660
or

Corn oil . .. . 00

Rosin ... .... % e e . 200

Potash lye, 27 rlvg: B........ ... 790

Water .. ... . ... . . 30

®
Heat the oils to 190 degs. F. add the lye and crutch
until the snap begins to bunch, when # is ready to he run
into barrels where the *sapanificatien will be completed.
Semi-hoiled soaps differ from those mude by the eold
process in temperature.  In making semi-viled soaps the
fats are usually heated to 140 . The adidition of the
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lye raises the temperature to 180°—200° F. when saponifi-
cation takes place.

CARBONATE SAPONIFICATION.

The method of the formation of soap hy the utilization
of the fatty acid directly, from which the glycerine has al-
ready been removed by some method of saponification
other than with caustic soda, and neutralizing this with
‘alkali, is becoming increasingly popular. ‘The glycerine is
‘more easily recovered from a previous cleavage of the
fats or oils, but a soap made from the mixed fatty acids
thus obtained is seldom ‘'white in color and retains an un-
pleasant odor. Since soda ash or sodium carbonate is
cheaper than caustic soda and readily unites with a fatty
acid, it is used as the alkali in the carbonate saponification.
The process is similar to that alrcady given under Rosin
Saponilication. About 19 per cent. hy weight of the fatty
acids empioyed of 58 per ceut. soda ash is dissolved in
water until it Lias a density of 30 degs. B., and the solu-
non is run into the kettle, which is usually cquipped with a
removable agitator.  The fatty acids, previously melted, are
then slowly added while the mixture is hoiled with open
seam and agitated with the stirring device. The fatty
acids instantly unite with the carbc iate and rise in the
kettle, due to the gencration® of carlion dioxide, and care
must be exercised to prevemt boiling over.  After all the
fatty acid has heen added. and the mass is hoiled through
the saponification must be completed with canstic soda, as
there is as yet nog practical method known which will
split a fat entirely into fatty aci€ and glycerine. Thus
about 10 per cent. of the fatty acids are true ncutral fats
and require caustic soda for their saponification. This is.
then added and the soap completed, as in full-hoiled soaps.

In carrying out this method upon a large sgale, large
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quantities of carbon dioxide are formed during the boiling
of the soap, which replaces a quantity of the air contained
therein. The kettle room should therefore be well venti-
lated, allowing for a large inflow of fresh air from out
of doors.



CHAPTER 1V
Classification of Soaps.

In considering the many diffcrent varietics of soaps,
their classification is purcly an arbitrary one. No definite
plan can be outlined for any particular brand to be manu-
factured nor can any very sharp distinction be drawn be-
tween the many soaps of different properties which are
designated by various numes. It is really a question to
what use a soap is to be put, mud at what price it may
be sold. There is, of course, a difference in the appear-
ance, form and color, and then there are soaps of special
kinds, such as floating svaps, transparent soaps, liquid
s0aps, ¢tc., yet in the ultimate sense they are closely allied,
because they are all the same chemical compound,
varying only in their being a ‘potash or soda soap, and in
the fatty acids which enter into combination with these
alkali=. Thus we can take a combination of tallow
and cocounut oil and make a great many presumably dif-
ferent soaps by combining these substances with caustic
soda, by dilferent methods of manufacture and by incor-
porating various other ingredients, as air, to form a float-
ing soap, alcoliol to make a transparent soap, dyestuffs to
give a different color, etc., but essentially it is the same
definite compeund.

The®manufacturer can best judge the brand of soaps he
desires to manufacture, and much of his success depends
upon the name, pnctcage, shape, color or perfume of a
cake of soap., It is the consumer whom he must please
and many of the large selling brands upon the market
today owe their success to the above mentioned details.
The great majority of consumers of soap know yery little
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concerning soap, except the fact that it washes or has a
picasant odor or looks pretty, and the manufacturer of
soap must study these phases of the subject even more
carefully than the making of the soap itself.

For a matter of convenience we will classify soap under
three general divisions:

I. Laundry soaps, including chip suap: soap powders
and scouring soaps.

II. Toilet soaps, including floating soap, castile snnp,
liquid soap, shaving soap, etc.

I1I. Textile soaps.

LATU'NDRY S0ApP

The most popular household soap is laundry soap. A
tremendous amount of this soap is consumed cach day in
this country, and it is by far manufactured in larger quan-
titics than any other soap. 1t is also a svap which nmst
be sold cheaper than any other soap that cuters the
lieme,

The consumers of laundry soap have been educated to
use a full boiled settled resin soap and to make a good
article at a price this method should be carmed out, as it is
the one most advisable to use  The composition of the fats
entering into the scap depends upem the market price of
these, and it is not advisable to keep to one formula in the
manufacture of laundry soap, Lut rather to adjust the
various fatty ingredients to abtain the desircd results with
the cheapest materia! that can he purchased It issimpos-
sible to use a good grade of fats and make a profit upon
laundry soap at the prisc at which it st be retailed. ¢
manufacturer of this grade of soap must look to the by-
procuct, glycerine, for his profit and he is fortunate indecd
if he realizes the entire henefit of this and still produces
a superior piece of laundry soap.
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SEMI-BOILED LAUNDRY SOAPS,

It is advantageous at times to make a laundry soap by
a method other than the full boiled settled soap pro-
cedure as previously outlined. This is especially the con-
dition in making a naphtha soap, in which is incorporated
naphtha, which is very volatile and some of the well known
manufacturers of this class of soap have adopted this
process entircly. A laundry soap containing rosin cannot
Ve advantageously made by the cold process, as the soap
«thus made grains during szponilication and drops a por-
tion of the lye and filling materials. By making a semi-
hoiled soap this objection is overcome. The half boiled
process differs from the cold process by uniting the fats
and alkalis at a higher temperature.

To carry out this process the foflowing formulac have
been found by experience to give satisfactory results.

I Ibs.
Tallow ...... ... 100
Rusin oo ool o ol 60
Soda Lye, 30° B... .. ....... ... 80
1.
Tallow .... .. . ... .. . .e .. .0u. 100
Rosdin ooooion s oo ci 60

Lye. 36° B............. R 1
Silicate of Soda ......oooiiiiiin 25
Sal Soda Solution
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In any of these formulas the sodium silicate (40° B.)
may be incrcased to the same proportion as the ‘fats used.
By so doing, however, twenty pounds of 36° B. lyc must
ke added for every hundred pounds of silicate additional
to that indicated or in other words, for cvery pound of
silicate added 20 per cent. by weight of 36° B. lye must
be put into the mixture. The rosin may also be replaced
by a previously made rosin soap.

To make a semi:boiled soap, using any of the abmé
formulae, first melt the rosin with all or part of the fat,.
as rosin when melted alone readily decomposes. When
the mixture is at 150° L. run it into the crutcher and add
the Iye. Turn on sullicient dry steam to keep the tempera-
ture of the soap at about 150° F, in the winter or 130° I%.
in summer. After the mass has been mixed for half an

thour, by continuonsly crutching the soap it will at first
, thicken, then grain and it may again become thick before
it becomes smooth. When the mass is perfectly smooth
and homogeneous drop into a frame and crutch in the
frame by hand to prevent streaking. After standing the
required length of time the soap is fihished into cakes as
usual,

SETTLED ROSIN S0AP.

Settled rusin scaps are made from tallow, grease, cotton-
seed oil, blcached palm oils of the lower grades, corn oil,
soya bean oil, arachis oil, distilled garbage grease, cotton
seed foots or fatty acids together with an addition of resin,
varying from 24 per cent. to 60 per cent. of the fatty¥acids
which should titer from 28 to 35. A titer lower than 28
will prevent the finished kettle of soaf from being capable
of later taking up the filling materials, As has already
been stated under hardened oils, thesc being very much
higher in titer allow a greater percentage of rusin to be
added. Thus hardened fish oils and cottonsged oil are
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gradually, being more extemwé?ruiﬁioloyed in soaps of this
character.

The procedure of hancﬂmg the kéttlc is similar to that
given under full boiled soap. The stock is stcamed out
into a settling tank and allowed (o settle over night, after
which it is pumped into the soup kettle, Having stocked the
kettle, open steam is turned on and 10°<12° B. lye is run in,
while using a steam pressure of ninety to one hundred
pounds in order to prevent too great a quantity of conden-
sation of the stcam, the water thus heing formed we )
ing the lye. If a steam pressure of fifty to iﬁdy pou:g
available, a stronger lye (20° B.) should be added. Car
must be taken nnt to allow the lye to flow in too rapidly
or the soap will not grain. The saponification is only at-
tained by prolonged boiling with sufficient lye of proper
strength. When saponification has taken place, the mass
begins to clear and a sample taken out with a paddle and
cooled should show a slight pink with a 1 per cent. alcoholic
phenolphthalein solution.

1t may be stated here that in using this indicator or any
other to test the alkalinity of soap, the soap should always
be cooled and firm, as whenever water is present, the disso«
ciation of the soap thereby will always react alkaline. When
this state is reached the mass is readysfor graining, which
is accomplished by distributing salt brine or pickle or
spreading dry salt over the surface of the soap. The
kettle is then thoroughly boiled until the mass shows a
soft curd and the lyc drops clearly from a sample taken
‘out with a trowel or, Jpaddle. The steam is then shut off
and the soap allowcd to settle ove? night. The lyes arc
then run off to the spent lye tank for glycerine recovery
In saponifying a freshly stocked kettle it is apt to bunch
To prevent this salt is added at various times to ap
proximately one per cent. of the Tat used.
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If, by any possibility the soap has bunched, this condition
may be remedied by the addition of more strong lye and
boiling until it is taken up. To work a kettle to its full
capacity it is advisable to make two “killing” changes.
First add about 75 per cent. of the fat and grain as directed. *
Run off the spent lyes and then add the remainder of the
stock and repeat the process. When the spent lye has heen
run to storage, the open steam is again ‘turned on and
18° B lye gradually allowed to run in. The rosin is now
broken up and put into the Kettle, or a previonsly made
‘fn soap is pumped in,

ye is then added until the soap has a sharp taste aftes
ahout three hours of continous hoiling, or when the svap
is in the closed state.  More lve should then be run into
the kettle 10 grain the soap well, the grain not being too
small. Then allow the soap to scttle over night and draw
off the strengthemng Iye.  The nexo day again boil up
the keftle and add water until the suap thins out and rises
or swells high in the kettle. A sample taken out at this
stage upon a hot trowel should run off in large flakes
‘The surface of the soap should be bright and shiny.

If the sample clings to the trowel, a slight addition of
Iye will remedy this defect  The kettle is then allowed to
rest, tu drop the nigge and to conl for some time, depending
upon the size of the kettle, ‘The proper temperature is
such that after having been pumped to the crutcher and the
filling materials having been added. a thermometer placed
into the mass should indicare 128°-135° F. after the ¢tutcher
has run from ten to fifteen minutes. The filling mntcria‘
may consist ot frome7-Y per cent, of sal soda solution)
36°-37° B. warm or ju<t enough 1o close up the soap and
make it rise high in the center of a screw crutcher and
make it cling close to a warm trowel.  Other fillers such
as outlined below are added at this point.
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An addition of from 2-3 per cent. of a special mineral oil
for this purpuse will impart a finish 1o the soap and 3-5
per cent. starch added prevents the soap from cracking in
the frames. Other {illing material as silicate of soda, borax,
“tale or silex are used. After the filling material has been
thoroughly crutched through the soap it is framed, and,
after being several days in the frame to solidify and cool
the_ soap is ready for slabbing, pressing and wrapping.

In order to more definitely illustrate the composition of
the mixture of fats and oils entering into the fof“sation of
a laundry soap a typical formula may be giv or such
a soap containing 40 per cent. rogin added to the amount
of fats used:

1bs.
Grease . ... ..oie el ool .. 7,000
Tallow ....... e e . 4,000
Corn Ol ... .. .. . ... .. .. 7000
Cottonseed Oil .. e e .. 3000
Rosin .. ..... e [ 8400

The following have been found to be satisfactory filling
waicerials and are caleulated npon the basis of a 1,400-pound
frame of soap.

L. Ibs.
Sodium Sibcate, 38°-40" B.............. 100
Mineral Oil ......... ...l 25
S Soda Solution, 36° B................ 80
Borax ......... [ 1

11
Sal Soda Solution, 36° B................ 80
Mineral Oil .......oociiiiiiiiiian, 25
Sodium Silicate ............iienl 69
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Soda Ash .........cooviiiiiiiiiniiinn, 10

Sodium Silicate ... ... ............... 100
Silex or Talc .............ooiiveiiil. 200
Soda Ash ... 50
V.
Sal Soda Solutien, 36° B.... . ........ %
Sodium Silicate ..... .. PR | X (1]
Mineral Oil ....... ... ... ... ...... 23
Borax Solution, 25° B. (hat). ...... . 15

CHIP S0AP

Chip scap is used cxtensively in laundries but is also
used largely in other branches. It may be made either
as a seltled soap or by the cold made process.

To make a full boiled scitled chip soap, proceed as
directed under scitled Jaundry soap.  The kettle is stocked
with light grease or a mixture of grease with corn oil or
other cheap oils. Tor this kind of seap the rosin is elim-
inated.

Chip soap may be filled as well as laundry soap. This
is done in the crutcher and the following adulterations are
suitable.

Ibs.
Settled Soiap ¢...... coiieeeiiiiiiin 700
Soda Ash ....ooov coiiiiii 35
Sodium Silicate ......... ... 215
or
Settled Soap ........oviiiiiiiiiiiiins 700 *
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Silicate of Soda .................... ... 560

Soda Ash ...coviiiviinnniiiil ... 18

Carbonate of Potash, 26° 1

The chcapest method of drying is by running this soap

through a drying machine and this is the procedure usually
carried out for making dried chip soap.

COLD MADE CHIP SOAPS.

To make chip soaps by the cold process a sweet tallow of
lqw percentage of free fatty acid should be employed. The
tallow is heated to 120° to 135° F. and the lye run in
slowly at first and then the silicate of soda is added. The
mass is then mixed until a finger drawn through the
soap leaves a slight impression, then dropped into frames
or barrels. Soups containing a small percentage of fat
should he well covered in the frame for twenty-four hours
1o retain their heat and insure proper saponification, The
following formulac are suitable:

1. lbs.
Tallow ................. e e 1,200
Soda Lye, 25° B.......oooiiin, 850
Sodium Silicate ......... ...l 750

I .
Tallow ..vviies viiiii 475
Ceylon Cocoanut Oil ......... ........ 100
Sgda Lye, 37° B...oooviiiiinin, 325
Potash Lyc, 37° B..oooovver o 56

* o .

Tallow ..ovvvvvnoiiiiin i 500
Soda Lye, 37%° B.. ...... ............ 297
Sodium Silicate .................eiall. 416
Potash Lye, 37%° B................... 7%
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Tallow .........ccooennnn
Soda Lye, 3714° B
Sodium Silicate

Potash Lye, 37%° B.................... 50
V.

Tallow ........ .. . .. iiiiiaan 450

Soda Lye, 35° B. . ... ... 470

Sodium Silicate .... .... ... 650
VI

Tallow ......... .. e 420

Sodium Silicate .. . . . oL 600

Soda Lye, 3715°B. . .. . . ........ 270

UNFILLED CHLI® SOAP,
A very pood grade of chip soap is made by employing
no filling material whatsoever, but unfortunately the price
of this soap has been cut to such an extent that these can
not compete with a tilled chip. .\ number of the best soaps
of this kind are made from a settled coap using a light
grease with corn oil A scap of this nature is made as
follows.

Ibs.
Settled "ouap ................... 800
Sal Seda’ Solutien, 36°-37° B ........... 252
Soda Ash ...l o L 182

If thic soap is run into frames it may be stripped and
chipped in two days.
S0AP POWDERS.

Soap powders have. become so great a eonvenience
as a grneral cleansing agent that to climinate them
from the houschold neccsc<ities would mean much un-
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necessary energy and work to the great number of
consumers of this product. They may be manufactured so
cheaply and still be efficient, that their use has almost
become universal for cleansing and scouring purposes.
The uses to which soap and scouring powders are adapted
are too well known to enter into a description of their
employment. Since they offer a greater profit to the man-
ufacturer than ordinary household soap, mamy brands are
extensively advertised.

* Numerous combinations for soap powders might be cited
and it is a simple matter to vary the ingredients as to
fat content and manufacture a powder of this sort as low
as a cent a pound. Many substances are incorporated with
soap, such as salt, soda ash, tripoli, crushed volcanic de-
posits, ground feldspar, infusorial earth of various kinds,
silex, ete. In addition to these various fillers, compounds
with true cleansing and bleaching properties, in addition to
soap, are added, such as the salts of ammonium (sal am-
moniac, carbonate of ammonia), sodium perborate and
the peroxides of, various metals. The public, however,
have been accustomed to reccive a large package of
soap or scouring powder for a small amount of money
and it is a difficult matter for the manufacturer to add
more expensive substances of this natlre to his product,
to increase its efficiency, without raising the price or
deereas.ug the size of the package. :

In n.lanufacturing soap powders, the dried soap chips
might be mixed with the filler and alkali and then
pulverized. This mgthod is not extensively employed
nevertheless. The process which isthe most economical
is one whereby the ingredients are mixed in a spe-
cially adapted mixer for heavy material until dry and

ey run g“d]y to the crusher and pulverizer, after

‘it 18 .automatically packed, sealed and boxed.
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Anot‘r method of procedure is to run out the mix-
ture from the crutcher to the frames, which are stripped
before the soap cools, and is cut up at once, for if it
hardens it could not be cut with wires. It is better, how-
ever, to run the mixturc into sheets upon a specially con-
structed floor and break up the mass when cool.

Formulae for soap powders which have been found
to be suitable for running dry in the mixer follow:

1
Soda ash, 58 per cent............. 42 Ibs.
Silica ... i 220
Settled soap (u-uvally cottonsced). 25 *
Salt ... ... e e e 10 ¢
11
Soap (settled cottonsecedr........ 40 1bs.
Soda ash, 58 per cent............ 60
111
Settled soap......oovoiiiiiiii 100 lbs
Soda ash, 58 per cent............. 400

Fillers in varying proportions may replace the soda
ish in the above formulae. It is of course understood
that the soap has been previously made and run as
molten soap into the crutcher.

The following svap powders will not dry up in the
srutcher upon running, but are of the class which may
se framed or run on the floor to solidify:

1
SOBP viiei i 850 1bs
Filler «.ooveviiiiiiee et 400 “
Sal soda solution, 20 degs. B..... 170 «

¢
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11
SOBP vvvvireiie i 650 1bs
Filler .oviviriiiie i, 550 “
Sal soda solution, 20 degs. BB .... 340 “
111
SOAP .t . 80 Ibs.
Filler .oovviiiniineeiiiaiiaaainns 550
Sal soda solution................. 170 “
v
Soap (settled tallow)
Filler ..........co.....
Sal soda solution...... ... .
Water .ovvtiiieiii i

First saponify 100 parts housc grease and 100 parts
ordinary grease and make a run soap. Then use in
crutcher either:

Soap

Filler

Hont water

S0AP tiei e s.. 200 lbs.
Hot water .......cooovvvnennnnns 200 ¢
TFiller oviiiiiiein i iiiienenn 625 “

It would be a simple matter to write numerous addi-
tional formulac, but the above are typical. The manu-
facturer must judge for himself just what filling
material to use. The filler indichted in the above
formulae is therefore left open. A few formulae for
more expensive powders than those given recently ap-
peared among others in the “Seifensieder Zeitung"*:

*Seifensieder Ztg., 40, 47, 1266 (1913).
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Powdered S0ap .........eveinnnn 90 1bs.
Sodium perborate 10 “
The perborate should be added when the powder is
perfectly dry or it loses its bleaching properties.

11
Soap powder, 20 per cent. fat.
Cocoanut oil fatty acids......... 25 Ibs.
Olein ovnvviiiiiiiiiniiiiianen.. 25 ¢
Bone fat..........cocoeeiviin.n 70 *
Soda lye, 30 degs. B........... % *
Water vovvere i 150
Ammonium carbonate ........... 125 ¢
38
Soap powder, 10 per cent. fat.
Cocoanut oil falty acids....... . 20 lbs.
Olein ..ot ciivint R (I
Bone fat.............ccoiiinintL. 20 “
Soda lye. 30 degs. B............ 30 “
Water ... ... 175
Ammonium carbonate............ 175 ¢

LIGHT OR FLUFFY POWDERS

Light or flufiy ‘powders containing 35-45%% moisture can
be made in two ways. The hirst method requiring a min-
imum cquipment is to mix the powder and sal soda in a
mixer, allow it 1o stand in irames for a week to crystallize
or spread it on the floor for a few hows to dry and then
grinding it. . .
The continuous mcthod finishes the powder in a few min-
utes and with a minimum amount of labor. By this
process the various ingredients, soap, soda ash solution, etc.,
are measured, run by gravity into the mixer, mixed and the
mohep mass run over the crysgallizer or chilling rolls thru
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which either cold waler or brine is pumped. From the roll
the powder is scraped off clean ab y knife, passes to a
screen which sends the tailings to a grinder, falls into a
storage bin from whence it is weighed and packed by an
*automatic weighing machine into cartons made up in most
cases by another machine. Due to the large percentage of
moisture contained in these soap powders the carton is
generally wrapped in wax paper o aid in the prevention of
the escape of moisture.

d ScouriNg Powbers.

+  Scouring powders are very similar to soap powders and
differ only in the filler nsed. We have alrcady considered
these fillers under scouring soap, from which they do not
differ materially. They are usually insoluble in water to
aid in scouring. The mixer used for substances of this
kind in incorporating the soap and alkali must be of
strong construction,

SCOURING SOAP,

Scouring soaps resemble soap powders very closely
in their composition, in that they are a combination of
soap and filling material. Since more lather is required
from a scouring soap than in soap powders, a cocoa-
nut oil soap is generally used. Thesusual filling ma-
terial used is silex. The greatest difficulty in the manu-
facture of scouring soap is the cracking of the finished
cake. This is usually due to the incorporation of too
great &n amount of filler, or too high a percentage of
moisture.

In manufacturing *these soaps #he cocoanut oil is
saponified in the crutcher with 38 degs. B. lye, or
previously saponified as a run soap, as already de-
scribed under “Marine Soaps.” To twenty-five parts
of soap are added a percentage of 38 degs. B. sal soda
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or soda ash solution, together with a small quantity of
salt brine. To this mixture in the crutcher seventy-five
parts of silex arc then added, and a sufticient amount of
hot water to make the mass flow readily. Care must
be exercised 1o not add too great a quantity of water
or the mass will cruck when it cools. The mass is
then framed and cut before it sets, or pourcd into
molds and allowed to set. While silex is the most
extensively used filler for scouring soaps, it is feasible
to incorporate other substances of like character, al-
though it is to be remembered that the consumer is accus-
tomed to a white cake, such as silex produces. Any
other material used to replace silex should also be as
tine as this product.

FLOATING SOAP,

Floating soap occupies a position midway between laun-
dry and toilet soap. Since it is not highly perfumed and
a large picce of soap may be purchased for small cost, as
is the case with laundry soap, it is readily adaptable to
general houschold use. ¥loating soap differs from ordinary
soap in having air crutched into it which causes the soap
to float in water. This is often advantageous, especially
as a bath soap, angl undoubtedly the largest sclling brand
of soap on the Amcrican market today is a floating soap.

In the manufacture of floating soap a high proportion of
cocoanut oil is nevessary. A most suitable composition is
one part cocoanut oil to one part of tallow. This is an
expensive stock for the highest grade of soap and is usually
cheapened by the usesof cottonseed Sr various other liquid
oils. Thus it is possible to obtain a floating soap from a
kettle stocked with 30 per cent. cocoanut oil, 15 per cent.
cottonseed oil and 55 per cent. tallow. With this quality
of soap, however, there is a possibility of sweating and
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rancidity, and‘of the soap being oo soft and being poor
in color.

The process of manufacture is to buil the soap in an or-
dinary soap kettle, after which air is worked into the hot
svap by a specially constructed crutcher, after which the
soap is framed, slabbed, cut into cakes and pressed.

Concerning the boiling of the soap, the saponification
must be carefully carricd out, as the high proportion of
cocoanut oil may cause a violent reaction in the kettle caus-
ing it to boil over.

The mecthod of procedurc is the same as for a settled
soap up to the finishing. \When the mass is finally settled
after the finish, the soap should he more on the “open” side,
and the object should be to get as long a piece of goods
as possible.

Due to its high meclting point, a much harder crust
forms on the surface of a floating soap and in a greater
proportion than on a settled soap during the settling. Tn a
large kettle, in fact, it has been found impossible to hreak
through this crust by the ordinary procedure to admit the
skimmer pipe. Much of the success of the subsequent opera-
tions depends upon the cumpleteness of the settling, and in
ordcr to overcome the difficulties occasioned by the forma-
tion of the crust everything possible sheald be done in the
way of covering the kettle completely to enable this period
of settfng to continue as long as possible.

\Vhen the soap is linished it is run into a specially con-
structd] U-ghape crutcher, a Strunz crutcher is best adapt-
ed to this purpose, although a rapidly revolving upright
screw crutcher has been found to giwe satisfaction upon a
smaller scale, and a sufficient quantity of air beaten into
the soap to make it light cnough to float. Care must be
taken not to run the crutcher too rapidly or the soap will
be entirely too fobby. During this operation the mass of
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soap increases in bulk, and after it has been established
how much air must be put into the soap to satisfy the re-
quirements, this increase in bulk is a criterion to estimate
when this process is completed.

It is of course understood that the longer the crutching
continues the greater quantity of air is incorporated and the
increase of volume must be established for a particular
composition by sampling, cooling the sample rapidly and
seeing if it floats in water. If the beating is continued too
long an interval of time, the finished soap is too spongy
and useless.

The temperature of the mass during crutching is most

rimportant, This must never exceed 158 degrces F. At

1159 degrees F. the operation is not very successful, yet

" the thermometer may indicate 140 degrees F. without inter-
fering with this operation. If, however, the temperature
drops too low, trouble is liable to be met with, by the soap
solidifying too quickly in the frames,

When the crutching is completed, the soap is allowed
to drop into frames through the valve at the bottom of the
crutcher and rapidly crutched by the hand in the frames
to prevent large air spaces and then allowed to cool. It
is an improvement to jolt the frames as they ate drawn
away as this tends’to make the larger air bubbles float to
the syrface and thus reduce the quantity of waste. When
the soap has cooled, the frame is stripped and the soap
slabbed as usual. At this point a layer of considerable
depth of spongy soap will be found o have formed. This
of course must be cut away and returned to the kettle.
The last few slabs dre also often rejected, inasmuch as
the weight of the soap abuve them has forced out so much
of the air that the soap no longer floats. As a fair average
it may be estimated that not more than 50 to 60 per cent.
of the snap in the kettle will cqme out as finished cakes,
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the remaining 40 to 50 per cent, being constituted by the
heavy crust in the kettle, the spongy tops, the botton slabs
and scrapings. This soap is of course reboiled and con-
sequently not lost, but the actual cakes obtained are pro-
vduced at a cost of practically double labor.

It is advisable to add a small quantity of soap blue color
to the mass while crutching to neulralize the yellowish
tint a floating soap is liable to have.

Some manufacturers add a percentage of carbonate of
soda, about 3 per cent., to prevent the soap from shrinking.
Floating soap may also be loaded with sodium silicate to
the extent of about 5 per cent.

TOILET SOAP,

It is not a simple matter to differentiate between toilet
soaps and various other soaps, because numerous soaps are
adaptable to toilet purposes. While some soaps of this
variety are manufactured by the cold made or semi-boiled
process, and not milled, the consumer has become accus-
tomed to a milled soap for general toilet use.

The toilet base most extensively employed is a tallow
and cocoanut base made as a full boiled settled soap. The
manufacture of this base has already been outlined and
really needs no further comment except that it is to be
remembered that a suitable toilet soap should contain no
great excess of free alkali which is injurious to the skin
Cochin cocoanut oil is preferable to the Ceylon cocoanut
oil or®palm kernel oil, to use in conjunction with the tal-
low, which should b?. a good grade and color if a white
picce of goods is desired. The percentage of cocoanut oil
may be anywhere from 10 to 25 per cent., depending upon
the kind of lather required, it being remembered that co-
coanut oil increases the lathering power of the soap.

In addition to a tallow base, numerous other oils are

65



SOAP-MAKING MANUAL

used in the manufacture of toilet soaps, especially palm
oil, palm kernel oil, olive oil and olive oil foots, and to a
much less extent arachis or peanut oil, sesame oil and
poppy secd oil, oils of the class of cottonseed, corn and
soya bean oils are not adapted to manufacturing a milled
soap, as they form yellow spots in a finished cake of soap
which has been kept a short time.

Pulm oil, especially the Lagos oil, is much used in mak-
ing a palm hasc. As has alrcady been stated, the oil is
bleached before saponification. A palm base has a yel:
lowish color, a sweetish odor, and a small quantity added
to a tallow base naturally aids the perfume. It is especially
good for a violet soap.  The peculiarity of a palm oil base
is that this oil makes a short svap. By the addition of
some tallow or twenty to tweuty-five per cent. of cocoanut
oil, or both, this objection is overcome, 1t is a good plan
in using a straight palm base to add a proportion of yellow
color to hold the yellowish tint of this soap, as a soap made
from this oil continues bleaching upon exposure to air and
light.

Olive oil and olive oil forts are used most extensively
in the manufacture of castile soaps. The peculiarity of an
olive oil soap is that it makes a very slimy lather, and like
palm oil gives thessoap a characteristic odor.  An olive
oil soap is usually considered to be a very neutral soap
and may readily be superfatted.  Much olive oil soap is
used iu hars or slabs as an unmilled soap and it is often
made by the cold process. Peanut oil or sesame and®poppy
seed oil often replaces olive oil, as_they form a similar
soap to olive oil,

In the manufacture of a toilet soap it is hardly practical
to lay down a definite plan for the varions bases to be
made. From the combination of tallow, palm oil, cocoanut
oil, palim kernel oil, olive oil angl olive oil foots, a great
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many bases of different proportions might be given. The
simplest method is to make a tallow base, a palm base and
an olive oil base. Then from these it is an easy matter
to weigh out any proportion of these soap bases and ob-
tain the proper mixture in the mill. If, however, as is
often the case, a large quantity of soap hase of certain pro-
portions of these, four or cven more of these fats and oils
is required, it is not only more economical to stock the
kettle with the correct proportion of these oils, but a more
thorough mixture is thus ohtained hy saponifying these in
the kettle. In view of the fact that it is really a question
for the manufacturer to decide for himsel{ what combina-
tion of oils he desires for a particular soap we will simply
outline a few typical toilet soap bascs in their simplest
combination. It is understood that these soaps are suitable
for milled soaps and are to be made as fully boiled settled
soaps. Dalm kernel oil may be substituted for cocoanut
oil in all cases. :

TALLOW BASE.

Tallow 75-90 parts
Cocoanut oil 25-10 parts
PALM BASE.

Bleached Lagos palm oil........"* 75-80 parts
Cocoanut oil .................... 25-20 parts
or
gallow et 30 parts
alm oil ...l 60 parts
Cocoanut oil R EXIIETERITRIPY 10 parts
OLIVE OIL BASE (WHITE).

Olive oil ... 7590 parts
Cocoanut oil 25-10 parts
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Olive 0il «vnvvivenvnieiniennnn. .... 40 parts
Tallow .... .. 40 parts
Cocoanut ................ e 20 parts
Where a green olive oil base is desired, olive oil foots
are substituted for the olive oil. Peanut oil may replace
the olive oil or part of it, the same being true of sesame
oil and poppy seed oil.

PALM AND OLIVE BASE.
Palm oil

Palm oil

Olive oil ...

Tallow .... .. 50 parts
Cocoanut oil ....................... 20 parts

CHEAPER TOILET SOAPS,

It is often necessary to manufacture a cheaper grade of
soap for toilet purposes to meet the demand of a certain
class of trade as well as for export. To accomplish this
it is of course necessary to produce a very inferior product
and run down tho percentage of fatty acids contained in
the soaps by the addition of fillers or to use cheaper oils in
manufacturing. The most simple method of filling a soap
is to load it at the mill with some substance much less ex-
pensive than the soap itself. Many of the cheapet toilet
soaps, however, are not milled and it is, therefore, neces-
sary to follow out some other procc‘dure.

Milled soaps, as has just been stated, are loaded at the
mill. The consumers of cheaper toilet soaps in this
country are accustomed to a milled soap and this grade
of soap for home consumption is very often filled with
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numerous substances, but most generally by adding starch
and talc. The addition of such materials of course later
exhibit themselves by imparting to the cake of soap a
dead appearance. Talc is more readily detected in the
soap than starch by washing with it, as talc is insoluble and
imparts a roughness to the soap, like sand or pumice, as
the soap wears down. It may readily be added to 20 per
cent. by weight, Starch is to be preferred to talc, in load-
ing a soap, as it is not so readily noticeable in washing. It
leaves the cake itsclf absolutely smooth although the lather
formed is more shiny. This substance may be employed to
as high a percentage as one-third the weight of the soap.
It is, of course, possible to cheapen the best soap base by
this method and the price may be further lowered by using
the less expensive oils and fats to make the soap base.

RUN AND GLUED UP SOAPS.

A very cheap grade of soap may be made by making a
run soap and adding the filler e. g. sodium silicate in the
kettle during saponification. The percentage of fatty acids
may be brought down to 10 per cent., although of course
a soap of this type shrinks a whole lot upon exposure.

In making a “glued up” soap the procedure is the same
for making the soap itself as with a Settled soap, except
that the soap is finished “curd” and later filled in the
crutcher. The percentage of fatty acids in a soap of this
type xs seldom below 50 per cent,

The method of * ‘gluing up” a soap is best illustrated by a
typical soap of this character in wlnch the kettle is charged
with the following stock.

Bleached palm oil ... 5 parts
Distilled grease .................... 2
Cotton oil foots stock, 63% fatty acid. 1 “
ROSI ...oovvvviiieniiiiiviiennneea 4 %

?
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The palm oil is first run into the kettle, saponified and
washed to extract any glycerine, then the rest of the fats
and finally the rosin. The soap is then finished and scttled
as with a hoiled settled soap. To assure success it is
absolutely necessary that the soap scttle as long a period
as possible, or until the temperature is about 150 degs. F.
The ideal temperature for carrying out the “gluing up”
process is 140 degs. F., as at a lower temperature than
this the soap is liable to cool too quickly and not be
thoroughly glued up. A higher temperature than 150 degs.
F. causes delay in that the soap does not properly take the
filler at a higher temperature and the soap must be kept in
the crutcher until the temperature drops to the right point.

The soap is run into the crutcher and the percentage of
fatty acids run down to 50-55 per cent. with one of the
following mixtures:

Sodium silicate, 5974° B.............. 1 part
Potassium carbonate, 51° B...... ... 1 -
or
Sodium silicate, 5915° B . ....... .. 1 part
Potassium carbonate, 51° B.. ... .. . 1 *
Sodium sulfate, 28° I............ ... 1 -

From 230 to 300 pounds of ecither of these mixtures are
required for a crutcher holding 2,600 pounds of soap.

The crutching is continued until the mass is well “spiked,”
that is to say, a freshly broken surface of the spap, as
the crutcher blade is jerked away, stands up like shattered
sheets in triangular form (& £ &), which retain their
shape perfectly. When thi¢ condition is realized the soap
is run into frames which are carefully crutched by hand
to remove any air spaces. The surface of the soap is then
smoothed down and heaped up in the center. After stand-
ing a t!ay to contract, the surfacg is again leveled and a
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snugly-fitting board placed on the top of the soap upon
which a weight is placed or upon which the workman
treads and stamps until the surface is flat, thus assuring
the further removal of air spaces. The soap remains in
‘the frame from six to eight days and is then slabbed,
barred and pressed by the usual method cmployed for
soaps thus handled without milling.

In a soap of this nature no hard and fast rule can be
laid down as to the quantity of solution to be used for
“gluing up” or the strength of the solution. In a soap of

, the type described the most satisfactory appearing cake
will be obtained from a soap containing 58 per cent. fatty
acids. That is to say, about 8 per cent. to 10 per cent. filling
solution is added per hundred pounds of soap. The filling
solutions given are very satisfactory. Carbonate of soda
should be avoided in connection with sodium silicate as the
property of efflorescing on the surface of the finished cake
after a short time will prove detrimental. To assure suc-
cessful gluing up it is advisable to experiment upon a
small scale to determine the exact extent to which the
filling solution should be diluted. Various proportions of
water are added to a certain quantity of the filled soap.
After the soap has been filled in a small receptacle a
.~mple is taken and rubbed between thi fingers. If the
freshly exposed surface is smooth and glossy, the filling
solution is weak enough, if rough it is too strong. It is
of course understood that the temperature must be correct,
140 degs. to 150 degs. F., or the soap will be rough. By this
means the operator cap readily judge the correct strengih
“of his filling solution. When properly carried out a per-
fectly satisfactory soap is obtained.

CURD SOAP.

The object of a soap which is finished “curd” or grained,

is to obtain a harder piece of goods from low titer.fat or
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to increase the percentage of fatty acids in the finished

soap. This is still another method of producing a cheap

grade of soap as by its adoption the cheaper oils and fats

may be used to obtain a firm piece of soap.
A typical charge for curd soap is:

Redoil ...o..ovvviiniiiiiiiinnnn 63 parts
Tallow ...ooovviiiiiiiii i 10 “
Rosinn .....ocvviiiiiiiiininniinn, .27 ¢

Cotton seed foots may be employed in place of red pil
and a tallow of too high titer is not suitable for this kind
of soap. :

The red oil and tallow are first saponified with 15 degs.
B. lye, boiler pressure 80-90 pounds, 18 degs. B. lye for
lower steam pressure, and two washings given to extract
the glycerine. The rosin is added at the strengthening
change and at the finish the soap is “pitched,” that is to
say, the soap is settled over night only. The next day the
lyes are drawn off and a portion of the nigre pumped to
another kettle which prevents later streaking of the soap.
The soap is then hoiled with 18 degs. B. lyc as with
another strengthening change under closed steam. Salt
brine or “pickle,” 15 degs. B. is then added and the mass
boiled with clos&l steam until the brine reaches a density
of 18 degs. B. and the kettle pumped the next day. A
soap of this type requires cither hand or power crutching
to assure homogeneily and prevention of streaks. To ob-
viate any air spaces it is advisable to place over’ the top
of the frame a tightly-fited board which is heavily
weighted down. This soap is also pressed without any
milling.

COLD MADE TOILET SOAPS,

Comparatively little toilet soap is made by the cold or

semi-boiled processes. While, .these are the simplest
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methods of manufacturing soaps the drawbacks of using
them are numerous and only in a few cases are they very
extensively employed. To make a toilet soap by the cold
Jprocess a combination of good grade tallow and cocoanut
oil is required. Tt requires 50 per cent. by weight of 36
degs. B. lye to saponify a given weight of tallow and 50
per cent. of 38 degs. B. lyc for cocoanut oil. The lyes
are. used full strength or may be reduced slightly with
water and the method of procedure is the same as already
given in the gencral directions for cold made soaps.

Cold made soaps are rcadily filled with sodium silicate
" which is added at the same time the stock is put into the
crutcher. In adding the silicate it is necessary to add
additional lye to that required for saponifying the fats,
about 20 per cent. of 36 degs. B. lye is the proper amount. .
There is of course a certain amount of shrinking due to
the addition of this filler and the finished cake is exceed-
ingly hard, yet the author has scen a good looking cake of
cheap soap made from as high a proportion as 420 parts
of tallow to 600 parts of silicate.

Cold made soaps are usually pressed without milling,
although it is readily feasible to mill a cold made soap
provided it is not a filled soap such as has just been
descrihed

PERFUMING AND COLORING TOILET SOAPS,

Equally important as the soap itsclf or even to a greater
extent is the perfume of a toilet soap. A prominent manu-
facturer recently madg the statement, which is often the
“truth, that it makes no difference to %he public what kind
of soap you give them, as long as you put plenty of odor
into it. The perfuming of soaps is an art in itself and a
subject to be treated by one versed in this particular
branch. We can only take into account the importance of
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the perfume as related to toilet soap not only, but the ne-
cessity of adding a certain proportion of the cheaper
products of odoriferous nature to laundry soap to cover
and disguisc the odor of even this type of soap.

The price of a cake of toilet soap to a great extent de-
pends ppon the perfume, and the manufacturer should aim
to give the best possible perfume for a certain price.  He
should not allow his personal likes or dislikes to enter jnto
the judgment of whether an odor is good or not, but sub-
mit it to a number of persons to obtain the concensus of
opinion. In giving or selling a piece of soap to the con-
sumer, it is sccond nature for him to smell it, and in the

- great majority of cascs his opinion is formed not from any

quality the soap itself may have during use, but from the
odor. This only emphasizes the fact that the perfume
must be pleasing, not to onc person, but to the majority,
and many brands owe their popularity to nothing more
than the enticing perfume.

Perfuming of soap is closely allied to the soap making
industry, but as stated a branch in itself. It is, therefore,
not our purpose to give numcrons formulae of how to
perfume a soap, hut rather to advise to go for information
to some one who thoroughly understands the character-
istics of the num@rous essential nils and synthetics and give
positive information for the particular odor desired. Un-
der no circumstances is it advisable to purchase a perfume
alrcady compounded, hut since all perfumes are a YJend of
several or manv essential cils and synthetics, it is a more
positive assurance of obtaining what is desired, by pur-
chasing the straight® oils and blending or mixing them as
one desires.

The perfume is added tn a milled soap just before the
milling process in the proper proportion per hundred
pounds of soap. In cold made or unmilled soaps it is
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added in the crutcher while the soap is still hot. By this
method, of course, a proportion of the perfyme is lost due
to its being more or less volatile.

COLORING SOAP.

While much toilet soap is white or natural in color,
many soaps are also artificially colored. The soap colors
used for this purpose are mostly aniline dyestuffs. The
price of these dycstuffs is no criterion as to their quality,
as the price is usually rcgulated by the addition of some
inert, water soluble substance like common salt or sugar.

The main properties that a dyestuff suitable for produc-
ing a colored soap should have are fastness to light and
to alkali. They should further be of such a type that the
color does not come off and stain a wash cloth or the
hands when the soap is used and should be soluble in
water. Under no circumstances is it advisable to add
these in such a quantity that the lather produced in the
soap is colored. 1t is customary to first dissolve the
dye in hot water as a standardized solution. This can
then be measured out in a graduate and added to the soap
the same time as the perfume is put in. About one part
of color to fifty parts of water is the propor proportion
to obtain a perfect solution, though this is by no means
fized. In making up a solution thus it is an improvement
to add to the same about one-half of one per cent. of an
alkaliecither as the hydroxide or carbonate. Then, if there
is any possibility of change of color duc to alkalinity of
the soap, it will exhitht itself before the color is added.

A particularly difficult shade to obtain is a purple, as .
there is up to the present time no purplish aniline color ’
known which is fast to light. Very good results in soap
may be obtained by mixing a fast blue, as ultramarine or
cohalt blue, with a red as rhodamine or eosine.
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Inasmuch as the colors for soap have been carefully
tested by most of the dyestuff manufacturers, and their
information, usually reliable, is open to any one desiring
1o know about a color for soap, it is better to depend upon .
their experience with colors after having satisfied one’s
self that a color is what it is represented for a particular
shade, than to cxperiment with the numerous colors one’s
self. .

MEDICINAL SOAPS.

Soap is often used for the conveyance of various
medicants, antiseptics or other material presumably
beneficial for treatment of skin diseases. While soap
is an ideal medium for the carrying of such materials,
it is an unfortunate condition that when incorporated
‘with the soap, all but a very few of the numecrous sub-
stances thus employed lose their medicinal properties
and effectiveness for curing skin disorders, as well as
any antiseptic value the substance may have. Soap
is of such a nature chemically that many of the sub-
stances used for skin troubles are cither entirely de-
composed or altered to such an cxtent so as to impair
their therapeutic value. Thus many of the claims made
for various medicated soaps fall flat, and recally have
‘no more antiseptic or therapeutic merit than ordinary
soap which in itself has certain germicidal and cleaning
value.

In medicating a soap the matcrial used for this pur-
pose is usunlly added at the mill. A tallow and cocoanut.
oil base is best adapted for a2 snap of this type. The
public have bheen educated more or less to the use of
colored soap to accentuate its medicinal value, and green
is undoubtedly the most popular shade. This inference,
however, is by no means trye for all soaps of this
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character, Possibly the best method of arranging these
soaps is briefly to outline some medicinal soaps.

SULPHUR SOAPS.

The best known sulphur soaps contain anywhere from
one to 20 per cent. of flowers of sulphur. Other soaps
contain either organic or inorganic sulphur compounds.

TAR SOAP.

The tar used in the manufacturing of tar soap is ob-:
tained by the desructive distillation of wood, the pine "
tar being the most cxtensively employed. While the
different wood tars contain numerous aromatic com-
pounds, such as phenols, phenyl oxides, terpenes and
organic acids, these are present in such a slight pro-
portion so as to render their effectiveness practically
useless. It has, therefore, been tried to use these
various compounds contained in the tar themselves to
make tar soap rcally effective, yet tar is so cheap a
substance that it is usually the substance used for
medicating a tar soap. About 10 per cent. of tar is
usually added to the soap with 2 ounces of lamp black
per hundred pounds of soap.

SOAI'S CONTAINING PHENOLS.

Phenol (Carbolic Acid) is most cxtensively used in
soaps of this kind, which are called carbolic soaps.
Carbolic soaps are generally colored green and contain
fromel to 5 per cent. phenol crystals.

The cresols are also extensively used for making
soaps named carbolke. These substances impart more
odor to the soup and rcally have more disinfecting
powers than phenol when incorporated with soap.

Other soaps, containing the phenol group, which are
well known are resorcinol soap, salol soap, thymol soap,
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naphthol soap, etc. Irom one to five per cent of the
compound after which the soap is named is usually
incorporated with the soap.

PEROXIDE SOAP.

Hydrogen peroxide in itscli is an exccllent disin-
fectant. It loses all its medicinal value, however, when
added to the soap. To overcome this objection various
metallic peroxides are added to the soap, as sodium
peroxide, zinc peroxide and barium peroxide. These
generate hydrogen peroxide by the addition of water.
Sodium perborate is alsu used in peroxide soaps, as this
substance is decomposed by water into hydrogen per-
oxide and sodium metaborate.

MERCURY  SOAPS.

Mercuric chloride (corrosive sublimate) is most ex-
tensively used for the production of mercury soaps.
Because of its extremely poisonous properties care
should be taken in using it. Since it really eventually
loses any antiseptic value in the soap through forming
an insoluble mercury soap it might better be omitted
entirely.

LESS IMPORTANT MEDICINAL SOAPS.

While the above nppnenad soaps are probably  the
best known medicated soaps, there are numerous other
soaps which may be classed under these kinds of soaps.
jThus we have cold cream soap, which can be made by
adding Russian Mineral @il 1 to 5 per cent., to the
soap; witch hazel syip, made by tHe addition of extract .
of witch hasel: wodine soag, made by adding iodine or
iodoform; formaldehyde soap, made by adding for-
maldchyde; tannin svaps, made by adding tannin. In
fact, there have been incorporated in soap so great a
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number of substances that the list might be greatly
enlarged.

Medicated soaps are not only uscd in solid form, but
in powder, paste and liquid soap as well. The only
(difference in a soap like those just referred to is that
the medicant is incorporated with these forms of soaps
as convenience directs.

CASTILE SOAP.

. A pure castile soap should be made from olive oil.
This, however, is not always the case, as a number of
oils as well as tallow are used to adulterate this oil to
cheapen it, and there are even some soaps called castile
which cohtain no olive oil at all. Most of the pure
castile soap used in this country is imported, as it is a
difficult matter for the American manufacturer to com-
pete with the pure imported castile soap, since both
labor and oil itsclf are so much cheaper in the vicinitics
of Europe where this oil is produced, that this advantage
is more than compensated by the carrying and custnm
charges by importing the castile soap.

Castile soap may be made cither by the full boiled or
cold process. There are numerous grades of olive oil,
and those used for soap making are denatured to lower
*he duty charges. Olive oil makes a hard white soap,
usvally sold in bars, and olive oil foots a green soap,
due to the coloring matter contained in this oil,

To anake a boiled castile soap, a composition of 10
per cent. Cochin cocoanut oil and 90 per cent. olive oil
may be used. To ch&apen this, peaput oil (Arachis oil)
may entirely replace the olive oil, or about 20 per cent.
of corn or soya bean oil may be added. The oils are
saponified as usual in making a settled soap and to
prevent rancidity the soap is boiled near the finish for
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some time in the closed state with sufficient excess of
alkali to give it a sharp taste, then grained with lye,
the lye drawn off, closed with water and then grained
with salt. This process is repeated until the desired
strength is rcached. The last graining should not be,
too great. and on the last change the soap should not
be thinned out, as it will contain too great a quantity of
water when slabbed.

In making a cold castile soap the usual method: is
pursued as already dirccted under cold made soap.
When the soap is taken from the crutcher it is ad-
visable, however, to keep the soap in the frame well
covered to assure complete saponification. Some manu-
facturers use very small fraumes which are placed into
compartments, well insulated to retain heat. Scveral
formulae for cold madc castile soaps, follow. It may
be noted that some of these contain practically no olive oil.

1
Olive oil ... . ... (icviiiin vviiinns. 2030
Palm kernel ... i, 674
Soda lye, 35 pet cent B L 1506
I
Olive oil ..q.vvvvvvr it i, 2030
Cochin cocoanut oil ..................... 674
Seda lye, 36 per cent. Bo.......... ..., 1523
Sodium Silicate ... ..... ...iiiieiia., 82
111
Palm kernel oil ..o e 1578
Tallow .. ... 940
Olive oil .. ............ ..., 7
Codium silicate, 20 per cent. B, ......... 190
Soda lye, 36 per cent. B il 1507,
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1v
Olive oil (yellow)...............
Soda lye, 37 per cent. B..........
\
Olive oil ..... e e 1]
or
Palm kernel
+ Cochin or cocoanut oil [ *7°°"" T 10
Lye, 37 percent. B..oooenen..e.. R 51

If any of the soaps containing a high proportion of
cocounut oil are boiled the soap will float. It is there-
fore nccessary to keep the temperature as low as
possible.

ESCHWEGLR SOAP (BLUE MOTTLED).

Eschweger soap is a colored mottled or marbled soap
made to a very slight extent in this country. Inasmuch
as it has huen intreduced to the export trade, it is made
for this purposc by some manufacturers. A high per-
centage of cocoanut oil is usually used together with
tallow and grease. About one-third of each is a typical
formula, Tn a soap of this character the fact that
cocoanut oil soap takes up a large quantity of water
and salts of various kinds and is difitult to salt out is
miride use of. The tallow and grease are first saponified
as usual, then the cocoanut oil is pumped and saponified.
Whea the saponilication is nearly completed either sili-
cate or carhonale of soda or common salt are added to
make the soap “sho?t” so as to form the mottle. The
finishing of a soap of this type cah only be gained by
practice and it is rather difficult to explain the exact
appearance of the kettle at this stage. The surface of
they snap should he bright and lustrous with the steam
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some time in the closed state with sufficient excess of
alkali to give it a sharp taste, then grained with lye,
the lye drawn off, closed with water and then grained
with salt. This process is repeated until the desired
strength is rcached. The last graining should not be,
too great, and on the last change the soap should not
be thinned out, as it will contain too great a quantity of
water when slabbed.

In making a cold castile sokp the usual method is
pursued as alrcady dirccted under cold made soap.
When the soap is taken from the crutcher it is ad-
visable, however, to keep the soap in the frame well
covered to assurc complete saponification. Some manu-
facturers use very small frames which are placed into
compartments, well insulated to retain heat. Sciveral
formulae for cold made castile soaps, follow. 1t may
be noted that some of these contain practically no olive oil.

i
Olive oil ...t it 2030
Palm kernel .... ..., 674
Soda lye, 35 per cent. Boooooooi Ll 1506
11
Olive oil ..q.vv v iiviii i 2030
Cochin coenanut oil ... .. ............... 674
Soda lye, 36 per cent. B................. 1523
Sodium Silicate ............... ol 82
Ll
Palm kernel ool .............. e 1578
Tallow ...t 940
Olive oil . ... 7
Sodium silirate, 20 per cent. B........... 190
Soda lye, 36 per cent. B...... ... 1507.
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v
Olive oil (yellow)............... ceeeen.. 1000
Soda lye, 37 per cent. B,........ ceeeee... 500
\%
Olive oil ..... P 9%
or
Palm kernel
Cochin or cocoanut oil } """" et 10
Lye, 37 pereent. Booooooooiiiinlt 51

I any of the soaps containing a high proportion of
cocoanut oil are boiled the soap will float. It is there-
fore nccessary to keep the temperature as low as
possible,

FSCUWEGER SOAP (BLUE MOTTLED).

Eschweger soap is a colored mottled or marbled soap
made to a very slight extent in this country. Inasmuch
as it has been introduced to the export trade, it is made
for this purpose by some manufacturers. A high per-
centage of cocoanut oil is usually used together w:th
tallow and grease. About one-third of each is a typical
formula.  In a soap of this character the fact that
cocoanut oil soap takes up a large quantity of water
and salts of various kinds and is difitult to salt out is
mnde use of. The tallow and grease are first saponified
as usid, then the cocoanut oil is pumped and saponified.
Whem the saponilication is nearly completed cither sili-
cate or carbonate of soda or common salt are added to
make the soap “sho?t” so as to form the mottle. The
finishing of a soap of this type cah only be gained by
practice and it is rather difficult to cxplain the exact
appearance of the kettle at this stage. The surface of
the, soap should he bright and lustrous with the steam
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*

escaping in numerous places in rose-like formation. A
sample on the trowel should have a slight sharpness
to the tonguc and be plastic. When the soap slides
from the trowel it should break short. When the soap
has reached this stage the desired coloring maiter, usually
ultramarine, is added to the soap cither in the kettle or
crutcher and the soap framed. The yield is 200-215 pounds
per hundred pounds of stock.

Several modificativns of this general method for
Eschweger soap are used by adopting the half hoiled
or cold process. '

TRANSPARENT Sorr, s

Transparent soap is really not a most desirable soap for
toilet purposes, as it contains an excess of free alkali. It
has, nevertheless, met with public approval because of the
fact it is novel in being transparent. Except for this fact
very little merit can be clained for a soap of this kind.

The transparency of soap is gencrally due to the presence
of alcohol, sugar or glycerine in the soap when it is made
It is very essential in a soap of this character, where light-
ness and clearness of color are desired, that the material
for making the soap be carefully selected as to color and
purity. The perfumes also play an important part in the
color of the soap and many of the tinctures, balsams and
infusions used in® perfuming soap may eventually cause
trouble by spotting. 1f the soap is artificially colored, which
is almost always the case, the dyvestuffs used for this
purpose sheald bave careful attention and only those #iould
be used which are known to resist the action of alkalis.
Where rosin is used, this product thust be of the hetter
grade. Distilled water is always preferable for use in trans-
parent soap. The government permits the use of a specially
denattred alcohol. This alcohal is not taxed and consists of
grain (ethyD) aleahol denatured with 3 per cent. woud
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(methyl) alcohol.  Some soapmakers prefer to use a more
expensive rcfined methy!l alcohol, but outside of adding
to the cost of the soap, there is no particular advantage.
The glycerine should be chemically pure. As to the oils
and fats these should be low in acid and of good color.
Under no circumstances should the crutcher or kettle in
which the soap is made be rusty or unclean in any way.
For a light soap cnamcled utensils are to be preferred.

To obtain transparcncy in soap the following general
methods may be given.

‘. Where the transparency is due to sugar.

2. Where alcohol and glyeerine produce transparency.

3. Where (1) or (2) is supplemented by the use of
castor oil.

4. Where transparency depends upon the percentage of
fatty acid in a soap and the number of times the soap is
milled.

Under the first method at least 25 per cent. of the charge
should be cocoanut oil, the other constituent being tallow
ot any fat or oil capable of giving a sufficiently hard soap.
The soap is hoiled and finished as usual, then run to the
critcher 1o be mixed with a strong cane sugar solution,
containing 10 20 per cent. sugar of the weight of the soap
‘the sugar is dissolved in its own weight,of water and the
. Jution heated to 175 degs. F. befure being very slowly
addad! to the soap. As the water evaporates, soaps of this
type show spots due (o the sugar thus being thrown out
of solfftion.

Transparent soap made under the second method may
be sapomﬂed as usual ind consist of gny good toilet base.
The soap is rim to the crutcher and mixed with 95 per cent.
alcohol in the proportion of one part alcohol to two parts
of fatty acid contained in the soap together with glycerine
in the same proportion.
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By #hi¢ ‘third method castor oil alone may be used to
make the soap or added to any of the above bases up to
33Y5 per cent. of the charge. If castor oil only is used,
but 2 per cent. or 3 per cent. of sugar is required.

In the last method a combination of 80 per cent. tallow,
very low in free acid, 20 per cent. cocoanut oil and 5 per
cent. W. W, rosin is a suitable charge. The saponification
and finishing is carried out as with a full boiled soap.
The soap is then placed into a jacketed vessel, provided
with dry-steam coils, by wlnch the excess water is
evaporated from the soap until it contains 73 per cent. fatty
acids. When the thick mass rcaches this stage it is framed,
and when cool is suitable for obtaining a semi transparency
which now depends upon the number of times the soap is
milled, it being, of course, inferred that no solid matter
of any sort be added to the soap.

Cop MAPE TRANSPARENT Soar.

While transparent soaps may be made by the above
general methods they are usually made by the semi-boiled
or cold process. By this process a mure satisfactory soap
is obtained and it is more simple to carry out. A detailed
description of this mcthod is hest and most easily given
by using a t,\'plca.l formula.

Charge:
Tallow .... . e 19314 lbs.
Cochin Cocoanut Qil. . ... 169Y ‘s
Castor Oil .. .. .... ... .. ... 89y
Soda Ash .. . ..... ....%..... 34
Soda Lye, 36 duu B, .. 256
Sugar (Cane) ........ ........... 198 =
Alcohol ... .. oot o e o 126 “
Water (Distilled) ................ 80 “
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To proceed, first place intora crutcher or jacketed kettle
the oils and fat and heat to 140 degs. F. Then add the
soda ash dissolved in about 30 pounds of the water, after
which the lye is added and the mass stirred until a finger
or stick run over the surface leaves an imprint. Where
the soap has reached this stage, it is well covered and
allowed to stand about two hours or until it bulges in the
center, after which the rest of the water which should
contain no lime or other mineral substance and which is
preferably distilled water, is added. The sugar is then
slowly shoveled in while the mass is stirring and finally
the alcohof is poured in. The heat is then increased to
160 degs. F. by dry stcam and the soap crutched until
dissolved. Under no circumstances should any soap be
allowed 10 remain above the surface of the mass on the
sides of the mixer. This crutching operation consumes
about one hour, and when finished the soap should stand
in the vessel about half an hour when a small sample is
taken out to cool. This sample should be clear and show
an excess of alkali. If it is not clear more alcohol is
added, if not of sufficicnt strength more Iye put in until the
desired condition is reached. The perfume and color are_
now added. h

The soap is then framed and allowed to set after which
it is cut, allowed to dry slightly and then pressed. To
obtain a polished cake transparent soaps are often planed
before®ressing and after pressing polished with a soft cloth,
dampened with alcohol. Instead of framing this soap, it is
sometimes “tubed,” thafis to say, the saap from the crutcher
is run into specially constructed tubes of a shape near
that of the desired cake and allowed to cool, after which
it is cut and pressed. All scraps are returned to the
crutcher; but in so doing the soap is slightly darkened in
color, It 1s advisable to expose a finished cake of_tranl-
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parent soap to the air for some time as by so doing it
hecomes clearer.

Other formulae for cold made transparent soaps made
as just outlined follow:

L
Bleached Tallow ................... 134 Ibs.
Cochin Cocoanut Oil ................ 88 -
Castor Oil ...............oiiinni 2 -
W. W. Rosin ....... ............. 7"
Cane Sugar .... ... . ............ 64 -
Water ........... . ... e 32 -
Glycerine ............ccoviviines 0 34 ¢
Soda Lye, 38 degs. I'........ ...... 135~
Alcohol ..... .. v e e 16 gal.

1L
Tallow covvvevvvenenn oo oo, . 211 1bs.
Cochin Cocoanut Oif ... ... ... 185
Castor Qil ..... . ........ ..... 97y -
Soda Ash .. . ... . .. .. 84 "
Water ..o Lo 1060
Soda Lye, 38 degs. B . ..... ... 279
Sugar ... . . .. 216 :
Aleohol ..o L PR & 74 N

1L
Castor Oil. . . . . . .. 60 lbs
Cochin Cocoanut Oil . . . 195 ¢
Tallow . . . . 120
Aleohol . . . . 115
Sugar .. .. e W
Water ........ e e 53
Glycerine ... 3
Soda Lye, 38 degs. B.............. 205
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Soda Lye, 36 degs. I!
Alcohol ...

Tallow ...oooiiiiii i 174 1hs,
Cocoanut Oil .........
Soda Lye, 38 degs. B...
Sugar ....o.oiiiiiiiai.. 8 “
Water ........ocovnnnn. 72 -
Alcohol ......ooiiiiiiii, 16 gal.

Rosin may be added in this formula up to 20 per cent.
of fats used and the tallow cut down correspondingly.

SHAVING SOAPS.

The requirements of a shaving soap are somewhat
Mdifferent than those of other soaps. To be a good shaving
soap the Ither produced therefrom must fe heavy, creamy,
hut not munmy, and remain moist when formed on the
face.  i'be soap itself should be of a soft consistency so
as to weadily adhere to the face when used in stick form.
It should furthermore he ncutral or necarly so to prevent
the alkali from smartihg during shavjng.

Shaving soap is made in the form of a stick, and a tablet
for use in the shaving mug. Some shavers prefer to have
the soap as a powder or cream, which are claimed to be
more convenient methods of shaving. While a liquid
shaving soap is not as well known because it has not yet
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become popular, some soap for shaving is made in this
form.

Formerly shaving soap was extensively made from a
charge of about 80 parts tallow and 20 parts cocoanut oil
as a boiled settled snap, but either making the strengthen-
ing change with potash lye or using potash lye in saponify-
ing the stock and graining with salt. Soaps for shaving
made in this manner are very unsatisfactory, as they do
not produce a sufficiently thick or lasting lather and dis-
color very materially upon ageing. Potassium sfeardte
forms an idcal lather for shaving, but readily hardens and
hence needs some of the softer oils, or glycerine incor-
porated with it to form a satisfactory soap for shaving.

The sclection of materials for making a shaving soap
is important. The tallow used should be white and of
high titer. Cochin cocoanut vil is to be preferred to the
other kinds, and the alkalis should he the best for tech-
nical use that can be purchased—76 per cent. caustic soda
and 88-92 per cent. eaustic potash are suitable. By the use
of stearic acid it is a simple matter to reach the neutral
point which can be carcfully approximated.

The following are shaving soap formulae which have
been found to gi\'e good satisfaction:

I Ibs.
Tallow ...ooviiiin 360
Stearic acid ... 40
Soda lye, 41° B.............ooiiiiinn 147
Potash lye, 34° R......... [ 87
Water . .. e 32
Gum tragacanth ......... ... ... 1

1L Ibs.
Tallow ...ooiiiiereiiiii i 282
Cocoanut oil .........coevieiniiiiinn. 60

-
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Stearic acid ...........coiiiiiiiiiiian,
Bayberry wax .................

Soda lye, 41° B
Potash lye, 34° B......... e,
Water ...oviiiiiii i

Tallow ...ooviiiiiiiiiiiiin e
Cocoanut oil ....................
Stearic acid ...
Caustic soda, 40° D............
Caustic potash, 38° B

To proceed, first run into the crutcher the tallow, cocoa-
nut oil and bayberry wax when used, and bring the tem-
perature of the mass up to 140°-160° F, by dry steam. Then
add the caustic soda lye and keep on heat with occasional
mixing until it is all taken up. When this stage is reached
gradually add all but about 5 per cent. of the potash lye,
and complete the saponification. This point having been
reached, the heat is turned off; thé crutcher is run and
the stearic acid, previously melted by dry steam in a lead-
lined or enameled vessel, is run in in a continuous stream
and the crutching continued for fifteen minutes to half
an hour. Samples are taken at this time, cooled and
*ested by alcoholic phenolphthalein solutfon. If too alkaline
more stearic acid is added, if too acid more potash lye
from that previously reserved. After each addition of lye
or skaric acid the mass is crutched from 10 to 15 minutes
longer, another sample is taken, cooled and again tested.
When the phenolphtBalein shows a very light pink after
several minutes, the soap is practically meutral, although
at this point one can better judge by dissolving a sample
in hot neutralized alcohol made by putting into the alcohol
a few drops of phenolphthalein, and then adding weak
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alkali drop by drop from a burette until a slight pink, not
yellow, tint is obtained, and noting the color of the solu-
tion. The solution should show a very light pink when
the soap is properly neutralized. When this stage is ar-
rived at the gum tragacanth, previously softened in wat.r,
is crutched in if it is to be added. The soap is then
framed, strippcd in three or four days, dried and milled

The formulae as given are for shaving sticks, and do
not readily press unless thoroughly dried. A more satis-
factory result is obtained by adding at the mill 25 per
cent. of white tallow basc to obtain a satisfactory mug
soap. .

SHAVING POWDER.

Shaving powder differs from the soaps just described
in being pulverized, usually adding up to 5 per cent. starch
to prevent caking. Any of the above soaps, dried bone
dry, with or without the addition of tallow base make a
satisfactory powder for shaving.

SHAVING 'CREAM.

Shaving cream is now a very popular shaving medium
due to the rapidity and convenicnce with which one can
shave by the use of this product. Formerly shaving
cream was made from the liquid oils like olive oil and a
soft fat like lard, together with cocoanut oil. Now, how-
cver, most of the popular shaving creams are made from
stearic acid and cocoanut oil, as a far superior product is
obtained by the use of these substances. By using these a
more satisfactory cream is obtained, and it is far morc
convenient to make., The lather also produced therefrom
is more suitable for shaving, being thick, creamy and re-
maining moist.

A few typical formulae for shaving creams of this type
are as follows:
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L. Ibs.
Cochin cocoanut oil.................... 26
Stearic acid ........ooiiiiiiiiiiian., 165
Caustic potash lye, 50° B............... 69
Glycerine C. Po.ooevvvnviiiniiine, 76
Water ..ovvtiii e i 38

1. Ibs.
Cochin cocoanut oil.................... 18
Stearic acid - ...iiiiiiiiii i 73
Caustic potash lye, 39° D............... 54
Glycerine ......ooviiiviiiian cinennnnn 33
Water ..o i e 27

I 1bs.
Cochin cocoanut oil............ Ceeeeans 18
Stearic acid ........oviiiiiiiiiieL 73
Caustic potastr lye, 39° B............... 54
Glycerine ......cvvveiiiiiiiianannnn.n, 20
Water s 40

and . 1bs.
Stearic acid . ... 60

Glycerine C. Pooooiiiiniiiiiiinnn.
Water ...

Sodium carbonate
Borax ......... T 1

’

To maKe a shaving cream by Formula I or II, the cocoa-
nut oil and glycerine are first put into a suitable mixing
apparatus or cruicher, and heated to 120° F. A part or
all the potash lye is then added and the cocoanut oil
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saponified. The rest of the potash lye and the water are
then added, and with the mixer running the stearic acid,
previously melted in a lead-lined or cnameled vessel, is
then poured in in a stream and the mass stirred until
smooth, care being excrcised not to aerate it too mitch.
The cream is then tested for alkalinity, the best method
being by that described under shaving soap, in which
the sample is dissolved in alcohol. Because of the large
quantity of water present, phenolphthalein is unsatisfac-
tory, as dissociation of the soap may show a pink indica-
tion in spite of the fact the mass is on the acid side. For
a quick method of testing the bite on the tongue is a
satisfactory criterion. 1f a cooled sample bites the tongue
more stearic acid is added until there is a 37 excess of this.
When the proper neutralization has taken place the cream
is perfunted and framed in a special frame, or it may be
allowed to cool in the mixer and perfumed the next day.
When cool the cream is strained, or put through an oint-
ment mill, after which it is rcady to fill into tubes.

The procedure for the first part of Formula TII is the
same as that just given, The second part of the formula
is made the samc as a vanishing crecam for toilet purposes.
To make this, first melt the stearic acid as already directed.
Dissolve the sodium carhonate and borax in water and
when dissolved add the glycerine and stir. Then heat
this solution to about 100°-120° F. and while stirring in
a suitable mixing machine into which this solq}'ion has
been poured after being heated, or better still in which
it has been heated by dry stcam, add the stearic acid.
Continune mixing until smooth and then allow to cool, or
run into frames to cool.

When the shaving cream and vanishing cream are both
cool, they are mixed in the proportion of one of the
former to two of the latter. It is claimed that in thus

93



CLASSIFICATION OF SOAPS

making a shaving cream a smoother product is ob-
tained, although it may he said that the vanishing crcam
is mercly a soft soap and the ultimate result is the same
as _though the various ingredicnts were added in one
operation, rather than making two separate products and
then mixing them, therehy considerably increasing the cost
oi manufacture,

PUMICE. OR SAND SOAPS,

Pumice and sand are at times added to soap to aid in
the removal of dirt in cleansing the hands. In some cases
these soaps are made in the form of a cake, in others
they are sold in cans in the form of a paste.

A hand paste is usually made by wmerely dissolving
ordinary tallow base in two or three times its weight of
hot water and mixing in the desired quantity of pumice
or sand and in seme instances adding a little glycerine
to keep it sofl or a solvent of some kind for grease. It
may also be made by directly incorporating any of these
in a potash soap.

* A cold made or semi-bailed cocoanut or palm kernel oil
soap is the base used to add the pumice or sand to in
making a cake soap of this sort. The following formulae
serve as a guide for these soaps.

L]
I
Palm Kernel or Ceylon Cocoanut Qil.... 705 Ibs.
Puwice (Powdered) .................. 281 ¢
Soda Lye, 38° B.................o. L 378
L ]
. 11,
Cocoanut Oil ........... e ... 100 ¢
Soda Lye, 38° B............ ceeiien... 550
Water ... ....... e e 6 “
Silver Sand (fine)...................... 60 ¢
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To proceed place the oil in a crutcher and heat to 140°
T. Sift in the pumnice and mix thoroughly. The lye is
then added which causes a curdling of the grain,  The
stirring is continued until the grain closes and the soap
is smooth, after which the desired perfume is added and
the soap dropped into a frame and crutched by hand.
When the soap is sct, it is slabbed, cut into cakes, dried
slightly and pressed,

LIQUID SOAPS,

Liquid soaps arc merely solutions of a potash soap,
usually cocoanut oil soap, although corn oil is used fo
make a cheap soap. One of the difficulties encountered
in liquid soap is to keep it clear. At a low temperature
a sediment is often formerd, but this can be uvercome by
the use of sugar and filiering the soap through a filter
press at a low temperature. In order to prevent the soap
from freezing, it is nccessary to lower the frecsing point
hy the addition of glycerine or alcohol.

To make liquid soap by any of the formmlac given,
below, the oil is first run into a jacketed kettle with a
stirring device, and heated to about 120° F. The potash
lye is then added and the oil saponificd. When the saponifi-
cation takes place, especially when cocoanut oil is used,
the mass swells rapidly and may foam over the sides of
the kettle unless water is used 1o check this, or a kettle
of about four to five times the capacity of the total, charge
of soap is nsed. When the saponification has océurred,
the sugar, horax and glycerine ame added, the water run
in and the mixture stirred until the soap is thoroughly
dissolved.  Ileat aids materially in dissolving the soap.
The .oap i§ then allowed to cuol and if color or perfume
is to be added this is stirred in, after which the soap is
cooled and filtered or clse run directly into barrels.
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Tallow is not suitable for making a clear liquid soap
since it is too high in stearine which when formed into
the stearate makes an opaque solution. The formulae
herewith given have been found to give good practical
results,

L 1bs.
Cocoanut oil ... .. .. ............... 130
Caustic potash lye, 28° B 135

. Sugar ... ........... ... .2

Borax .... . ... 2
Water .. 267

1L Ibs.
Corn oil .. . . ... ... 130
Caustic potash lye, 26° R........... .. 135
Sugar ... 72
Borax ... ..... ... 2
Water .. . ... . ... 267

I Ibs.
Cocoanut oil ................. ......: 100
Caustic potash Ive, 28° B......... ... 102
Glycerine ...
Sugar ...l
eWater ...

Formulae I and IT centain about 20 per cent. fatty acids.
It is possible, of course, to cither increase or decrease
the percentage of fatty acid by varying the amount of
water. The water used in making liquid soaps, of course,
should be soft, for hard water forms insoluble soaps
which precipitate and cause a sediment,
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USE OF HARDENED OILS IN TOILET SOAPS.

While the introduction of the hydrogenation of oils is a
decided advance in the production of suitable cheaper oils
for soap making, comparatively little hardened oil is em;
ployed for suap making in America up to the present time.
In Europe, however, considerable advance has been made
by the use of such oils for manufacturing soap therefrom
and a number of plants turn out large quantities of hydro-
genated oils for soap making as well as for edible purposcs.
Recently a company has been formed in this country for
hardening oils and it is very probable that the future will
sce this material extensively used in our own country, as
these appear to be the onc present hope of the soap manu-
facturer as a check on the ever increasing cost of fats and
oils now used in making soap.

It is an unfortunate condition that hydrogenated oils
produced abroad are sold under names which give ab-
solutely no indication as to the oil which has been hardened.
The softer and cheaper oils like fish oil, linseed oil, cotton-
sced oil, ctc., are gencrally hardened for soap manufacture
to different degrees of hardness, While it is impossible to
definitely state just what products as Candelite, Talgul,
Krutolin or several other coined names of hardencd oils
are, various investigators have expcrimented with them as
to their adaptability for producing toilet soaps and found
that suitable toilct soaps may be made from them. While
many objections were at first met with concerning goaps
made from these products, as to their unsatisfactory saponi-
fication, the poor lathering quality of the soaps and their
odor and conscquent Mifficulty in perfuming, the results of
most investigators along these lines indicate that these in
many cases were due to prejudice against or unfamiliarity
with handling oils of this type for soap making.

In manufacturing soap from hardened oils it is usually

96



¥ (CLASSIFICATION OF SOAPS

necessary to incorporate with the charge lard, tallow, tallow
oil or some other soft oil of this nature. Satisfactory bases
for toilet soaps, made as boiled scttled soap by the use of
Tilgol (undoubtedly hardened fish oil), are said to be
made by the formulae* below.

I.
Tallow ..ooiiiii e .... 45 parts
Talgol ... i i 40 “
Cocoanut Oil ........oovvevviiininnnns 15 -
11
Cocoanut Qil (Ceylon)................ 6
Tallow ...oovvennvenn. L1200

Talgol, Extra ...

The method of boiling a soap of this type does not differ
malerially from that of making scttled tallow soap base.
The soap itsclf has a different odor than a straight tallow

base, but is said to make a very satisfactory soap for ™~

milling and to be of good appearance.

Satisfactory transparent soaps are made from the
hardencd oil Candelite, which replaces the tallow in trans-
parent soap formulae such as have already been given in
the scction under “Transparent Soaps.” The method of
manufacturing a soap by the use of this product varies in
no way [rom the usual method employed for making these
soaps.

Sin® hydrogenated oils are high in stearine, their use
in shaving soaps is a decided advantage. It has pre-
viously been pointed fut that potassium stcarate forms
an ideal lather for shaving, and in-the hydrogenating
process the olein is converted to stearine. Thus a hardened

’Selfenucdcr Ztg. (1913), p. 334 and 338.
“ (1912), p. 1229 and 1257.
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oil is advantageous in a shaving soap. As an example of
a cold made soap for shaving the following may be taken.t

Talgol Extra ..... ..............ciint, 50 Ibs.
Cocoanut Oil ..... ........ R 0« ,
Lard .... . . . R . 10 "
Soda Lye, 38° B............. .. . .. .20
Potash Lye, 37° B........ e 21

This soap may be made in a crutcher hy the method
generally used in making soap ly the cold process.

TEXTILE SOAPS.

Soap is a very important product to cvery branch of the
textile industry. For woolen fabrics it is used for scouring,
fulling and throwing the wool; in the silk industry it is
necessary for degumming the raw silk, as well as for dye-
ing; in the cotton mills it is used to finish cotton cloth
and to some extent in bleaching; it is, furthermore, em-
ployed in a number of ways in the manufacture of linen.
Large quantitics of soap are thus consumed in an in-
dustry of so great an cextent and the requircments neces-
sitate different soaps for the different operations. We
will, therefore, consider these in detail.

SCOURING AND FULLING SOAPS FOR WOOL.

The soaps used to scour wool and for fulling the woven
cloth are usually made as cheaply as possible. They are,
however, generally pure soaps, as filling material sugh as
sodium silicate does not readily rinse out of the wool and
if used at all must be added very gsparingly. Both cold
made and boiled setded soaps arc made for this purpose
The soap is gencrally sold in barrels, hence is run directly
to these from the crutcher or soap kettle. As cold made
soaps the following serve for wool scouring or fulling.

{Seifensieder Ztg. (1912), p. 954.
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L 4
Palm Oil ... 200 Ibs.
Bone Grease ..................ooiiiii. 460 *
Soda Lye, 36" B................... ... 357 ¢
Water .... ... ... .13
Soda Ash ............ ....ceiiiiinn. 50 “
Citronella ....................o0 ..l 2"

1L
Palm Oil (Calabar, unbleached)..... 155 ¢
House Grease ........... : 360 “
Soda Lye, 36° B “
Water ................... «“
Sodium Silicate . .. “

111.
House Grease ..........ocovveeeninenn, 185 ¢
Palm Qil (unbleached)....... ......... 309
Soda Lye, 36° B.oooooveniin 309 “
Water ..o 391 «
Soda Ash ......ooiiiiiiiin 70 *
Sodinm Silicate ...... . e 60 “
Corn Starch ... iiiiiii 10 “

These soaps are made in a crutcher }y the usual pro-
cess for cold-made soaps, crutched until smooth, dropped
into a barrel and crutched by hand the next day or just
before cooling.

A a settled soap for these operations the following
charge is typical:

Palm Oil ......oooivviiinnin, [ 34 parts
Cottonseed foots or its equivalent in
fatty acids “
RoSil oiivvveeneennnn.. “
“

House Grease
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The method of boiling such a soap is the same as for
any settled soap up to the strengthening change. When
this stage is reached, sufficient lye is added to strengthen
the kettle strongly. It is then boiled down with closed,
steam on salt brine or “pickle” until a sample of the lye
taken from the bottom stands at 16°-22° B. The soap is
then run into barrels and after standing therein for a day
is hand crutched until cool to prevent streaking of the soap.

Besides a soap of this type a settled tallow chip soapis
used. '

WOOL THROWER'S SOAP.

Soaps for wool throwing are somctimes made from
olive oil foots but these are often objected to because
of the sulphur-like odor conveyed to the cloth due to the
method by which this oil is extracted with carbon disu'-
phide. A potash soap hardencd somewhat with soda is
also used. As a formula for a suitable soap of this type
this may be given,

Olive Oil Foots ....... ,;f.";’ ..... ce.. 12 parts
Corn Oil ...cuvinnes g.’“ iy, 46
House Grease ....... e aane s 020
Soda Lye, 36° B....... tererrieennies 300
Potassium Carbonate (dry)..ovoooo.. 534
Potassium Hydrate (solid)............ 23 ¢

This soap is made as a “run” soap by the gengral
directions already given for a soap thus made. The kettle
is boiled with open and closed steamy adding water very
slowly and aiming torobtain a 220-225 per cent. yield oz
fatty acid content of the finished soap of 46 per cent.
When the soap is finished a sample cooled on a plate of
glass should be neither slippery or short, but should string
slightly. The finished soap is run directly into barrels.
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A soap for wool throwing by the semi-boiled process
may be made from olive oil foots in a crutcher thus:

Olive Oil Foots.......ccvvvveiiiniann... 600 1bs.
Potash Lye, 20° B............. veeree... 660 ¢

The oil is hcated to 180° F., the lye added and the
mass stirred until it bunches, when i ‘- dropped into

-t

barrels. an ady

) WORSTED FINISHING ¢
. For the dhishing of worsted cloti }' . **. in cocoa-
nut oil or palm kernel cil are prefe... - ¢ 50aps are

finished very ncutral, being made as .d soaps, but
given an extra wash change after strengtheming strongly.
They are then finished as usual and run into barrels. If
framed too hot, the high percentage of cocoanut oil
causes mottling, which is prevented hy crutching by hand
until the temperature of the soap is 140°-145° F. Some
typical charges, all of which are saponified with soda lye,
follow :

: L
Palm Kernel Oil ...... s 60 parts
Corn Oil ..ovvvviniiiinninerininiiennns 49
11
Palm Kernel Oil......ccovvvvvieniinnn 3 -

SOAPS USED IN THE SILK INDUSTRY.
Soap is used to a very large extent in silkymiils, both for
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degumming the raw silk and in silk dyeing. Raw silk con-
sists of the true silk fibre known as fibroin and a gummy
coating, sericin, which dulls the lustre of the silk unless
removed. For this purpose a slightly alkaline olive ojl
foots soap is best adapted, although palm oil and peanut
oil soaps are sometimes used, as well as soaps made from
a combinatir..... "nuse grease to thc extent of 30 per
cent., togc-ned unv -ed oil or straight- olein soaps, both
of which w~;: -y colored green. In using house
grease, if A {1 .cul is exceeded in comMination with
red oil, the :eer is raised to such an extent that the
soap does no. ieadily rinse from the silk nor dissolve
readily. They are also not advisable because they impart
a disagreeable odor to the silk.

To make a soap for this purpose from olive oil foots it
is made as a settled soap, care being taken to thoroughly
boil the mass on the saponification change in the closed
state to assure proper saponification. The kettle is usually
grained with lyc and given a good wash change to remove
the excess strength. The change previous to the finish
should not be too heavy or too large a nigre results. The
lighter the grain is, the better the finished kettle is. A
yield of 150 per cent. is usually obtained. This soap is
generally run to « frame, slabbed upon cooling and packed
dircctly into wooden cases.

For silk dyeing the above soap is suitable, although any
well-made soap of good odor and not rancid is uspable.
While soap alone is often used in the bath for silk dyeing,
certain dyestuffs require the addition of acetic or sulphuric
acid, which sets fre¢ the fatty acids. If these be of bad
odor it is taken up by the silk and is difficult to remove.
The most generally used soaps are the just mentioned olive
foots soap or a soap made from a goud grade red oil.

Both kinds are extensively used.
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SOAPS USED FOR COTTON GOODS.

In the manufacture of cotton goods, as compared to the
wool and silk industries, very much less soap is used and
it is only applied to the finished fabric eithér to clean the
cloth preparatory to dyeing or to aid in dyeing with certain
colors. It is also used in calico printing. For cleansing
the cloth ordinary chip soap is suitable although a more
alkaline soap finished as a curd soap is au advantage in
that the free alkali contained therein aids in removing the
dist and has no harmful effect on the cottor. For dyeing
cotton goods or to brighten certain colors after dyeing
an olive oil foots soap is most generally employed. In
calico printing soap is used to wash and clear the cloth
after printing. A soap for this purpose should be easily
soluble in water and contain no free alkali, rosin or filler.
The best soaps for use in calico printing are either an olive
oil foots soap or an olein soap.

SULPHONATED OILS.

While sulphonated oils are not used to any great extent
n the manufacture of soap, they are used very largely in
the dyeing and printing of turkey and alizarine reds on
cotton as well as other colors. Just what action these oils
have is not hnown. Turkey red oil or sulphonated castor
il is the best known sulphonated oil,

The process of making these oils is simple. The equip-
ment necessary is a wooden tank or barrel of suitable
capaci®y, approximately two and a half times the amount
of oil to he treated. There are furthermore required
other tanks or vessels to hold the solytions used such as
caustic soda, ammonia and acid. The tank to be used for
the preparation of sulphonated oil should be provided
with a valve at the bottom of the tank and a gauge to
measure the quantity of liquid therein,
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The process is carried out as follows:

Three hundred pounds of castor oil are placed in the
tank and 80 pounds at 66 deg. B. sulphuric acid are
weighed out in another vessel. The acid is run into
the tank containing the oil in a very thin stream «hile
the oil is well stirred. ‘At no time should the temperature
excced 40 deg. C. This opcration should consume at
least an bour und stirring should be continued half an
hour longer ‘v msure the thorough mixing of the oil with
the acid. The mass is then allowed to settle for 24
hours, after whicl. 40 gallons of water are added and the
mixture stirred until it has a uniform crcamy color indi-
cating no dark streaks. This mixing process should be
carcfully carried out id when completed allowed to settle
36 hours. At this point the mass will have scparated into
two layers, the lower layer consisting of a water solution
of acid and the upper layer of oil.  The former is run out
through the valve located at the hottom of the tank. An-
other wash may now be given or dispensed with as de-
sired. In this wash the addition of salt or sodium sulphate
at the rate of 115 pounds per gallon of water is advisable.
A 24 deg. B. caustic soda solution is prepared and added
slowly to the acidified oil with constant stirring. The
mass first turns creamy, then becomes streaked, increasing
in streaks as the caustic solution is poured in, and finally
becomes clear and transparent.  Water is now added
to bring the volume to 75 gallons. The oil is now milky
in appearance, but the addition of a litile more sdda solu-
tion restores the transparency,

In some cases ammonia is used in addition to caustic
soda in ncutralizng the oil.  Three-fourths of the amount
of caustic soda required to complete the neutralization is
first added and then the neutralization is completed with
a one to one liquid ammonia and water solution.
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CHAPTER V

Glycerine Recovery.

The recovery of glycerine is very closely allied with the
soap-making industry, because glycerine is the very valuable
by-product obtained in the saponification of oils and fats.
No soap plant is, therefore, fully equipped unless it has
seme method wherchy the glycerine is recovered and the
importance of recovering this product cannot be too strong-
ly emphasized.

It has already been pointed out that neutral fats or the
glycerides arc a combination of fatty acid with glycerine.
These are split apart in the process of saponification. While
by the term seponification as used in soap making it is in-
ferred that this is the combination of caustic alkalis with
the fatty acids to form soap, this term is by no means lim-
ited to this method of saponification, as there are various

_other methods of saponifying a fat. The chemical defini-
tion of saponification is the conversion of an ester, of which
glycerides arc merely a certain type, into an alcohol and
an acid or a salt of this acid. Thus, if we use caustic
alhali as our saponifying agent for a fat gr oil, we obtain
the sodium or potassivm salt of the higher fatty acids or
scap and the alcohol, glycerine. On the other hand, if we
use a mineral acid as the saponifying agent, we obtain the
fatty®acids themselves in addition to glycerine.  While the
former is by far the giost generally employed for making
svap, other processes consist in sapomifying the fats by
some method vther than caustic alkalis and then convert-
ing the fatty acids into soap by either neutralizing them
with sodium or potassium carhonate or hydrate,

It is important to again point out here that fats and oils
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develop free fatty acid of themselves and that the devel-
opment of this acid represents a loss in glycerine.  The
selection of an oil or fat for soap making should thercfore
to a large extent be judged as to its adaptability by the free
fatty acid content, as the_higher this content is, the greater
is the loss in the glycerine cventually obtained. Glycerine.
often represents the only profit to a soap manufacturer.
It is indeed necessary to determine the percentage of
frec fatty acid before purchasing a lot of stock to be made
into soap. .

In taking up the question of glycerine recovery we will
consider the various methods thus:

1. Where the glycerine is obtained from spent lye by
saponifying the fats or oils with caustic alkali.

2, Where the glycerine is obtained hy saponifying the
fats or oils by some other method than the above, of which
there are the following

(a) Twitchell process.

(b) Saponification hy lime in autoclave.

(¢) Saponihcation 1y acid.

(d) Saponitication by water in autoclave.

(¢) Fermentative ¢ Enzyms)

()  Krebitz procoss,

RECOVERY OF GLYCERINE FROM SPENT 1AE.

The spent Iye obtained from the glycerine changes in
making soap varies greatly, the quality depending upon the
stock saponified and the soap maker's care in handling the
operation.  No two Ives run exactly alike as to profrtion
of the various ingredients, although they are all similar
in contaming the 4same substances either in solution or
suspension.  Spent lye is a water solution of mainly glyc-
erine, free alkali either as caustic alkali or carbonate and
salt, including sodium sulfate, but furthermnre contains
some soap and albuminous matter either in solution or
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suspension.  Upon standing in the storage tank the greater
part of the soap usually separates when the lye cools. In
order to assure the greatest economical yicld of glycerine
by saponifying a fat with caustic soda it is nccessary to
obtain a proportion of three parts of water to every part
of fat made into soap. Test runs have shown that this is
the proper proportion and that it is not economical to
greatly exceed this amount, and if a much less proportion
is used the full yield of glycerine is not obtained.

‘The spent lyes contain varying amounts of glycerine,
the first change heing richest in glycerine content, and this
being reduced in the subsequent changes. 1f the lyes al-
ways run high in glycerine it is an indication that it is not
all heing obtained. The usual percentage is from 0.5% to
5% or cven more, although the avevage is somewhere
around 2% to 3%. The lye as it comes from the kettle
should not contain_guy more than 0.5% to 0.6% of free
alkali calculated as sodinm carbonate, Na,CO,. If the pro-
portion is ligher ¢hidn this, it shows that the saponification
_has heen conducted with too high a proportion of alkali,
a condition which should be corrected in the kettle room.
An excess of free alkali does not interferc 1o any great
cxtenc with the successful recovery of the glycerine, but
s a waste of both alkali and the acid usedgin neutralizing
this. Tt is, therefore, more economical to tun a strong lye
over fresh stock and neutralize the alkali thus, rather than
treating the lye for glycerine recovery.

Relore the spent Ive can be run into the evaporator it is
necessary to remove (fic albuminous impurities and soap
and 1o neutralize the cxcess alkali to hetween exactly neu-
tral and 002% alkalinity. The lye should never be fed
into the evaporator in the acid condition.

In order to treat the spent lyes for evaporation, they are
first allowed to cool in the storage tank, after which any
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soap which may have separated is skimmed off and re-
turned to the soap kettle. This lye is then pumped to the
treatment tank, an ordinary tank equipped with some
method of agitating the liquor, either by a mechanical
stirrer, steam blower or compressed air, until it is about
two feet from the top.

After the lye has been skimmed off it is thoroughly
agitated and a samplc taken. The amount of lye in the
tank is then calculated.  Spent lye is about 1.09 times
heavier than water, or weighs about 9 pounds to the gallon.
While the sample is being tested for alkalinity it is advis-
able to add sulfate of alumina, which may be dissolving
while the sample is being titrated, This substance should
be added in the proportion of anywhere from 6 to 14
pounds per thousand pounds of lye, depending upon the
amount of impurities contained therein, For a clean lye
six pounds per thousand is sufficient, but for an impure
lye a greater quantity is necessary. The sulfate of
alumina used should be free from arsenic and sulfides anc
should contain a minimum amount of grit (silica), as grif
reduces the lifc of the pump valves. This may be esti
mated with sufficient accuracy by rubbing the filtered-of
portions, insoluble in water hetween the fingers and :
plate of glass. The object of adding the sulfate of aluminz
is to transform the soap contained in the lye into the in:
soluble aluminum soaps, and at the same time to coagulatc
the albuminous impuritics. Tt must be remembered thal
the sulfate of alumina is added only for the fresh ‘lye puf
into the tank. Thus if there were 10,000 pounds of lye ir
the treating tank sxhen the fresh lye was run in, and 50,000
pounds when the tank is filled, adding nine pounds of
sulfate of alumina per thousand of lye, only 360 pounds
would be added or enough for 40,000 pounds. Sulfate of
alumina neutralizes one-third of its weight of caustic.

1off



GLYCERINE RECOVERY

To determine the alkali in the sample, 10 cubic centime-
ters are pipetted into a beaker, a little distilled water added,
then 3 or 4 drops of phenolphthalein indicator. From a
burgtte, quarter normal (N/4) sulfuric acid is added until
the pink color is just discharged. When this point is
reached 4 to 5 c. ¢. more of acid are added and the solution
és boiled to expel the carbon dioxide. Should the solution
turn pink, it is necessary to add more acid. After having
hoiled for 3 to 4 minutes, N/4 caustic soda is added until
the.pink color just returns and the amount of caustic soda
used is read on the burctte. The difference between the
number of cubic centimeters of N/4 sulfuric acid and N/4
caustic soda gives the amount of alkali in the sample. DBy
using a 10 c. c. sample and N/4 sulluric acid and N/4
caustic soda each ¢. c. obtained by the difference of these
two solutions is equal to onc-tenth of one per cent. (0.1%)
of the total alkali in the lye.  As an example, say we first used
7.7 ¢. ¢. of N/4 sulfuric acid to just discharge the pink, then
added 4 c. c. more, or 11.7 ¢. ¢. in total. After boiling it re-
quired 5.3 c. . to bring back a slight pink, the total alkalin
ity would be 11.7 ¢. ¢. — 5.3 ¢. ¢. = 64 c. c., or 0.64% total
alkali in the lye in terms of caustic soda. 1f there were
40,00G pounds of lye to be treated then we should have to
neutralize: R

40,000 X .0064 = 256 Ibs. alkali. Since sulfate of alumina
neutralizes one-third of its weight in caustic, and there are
say 9 Ibs. of this added per thousand pounds of lye we
would%hdd

40,000 X 9 = 360 Ibs. of sulfate of alumina. This would
neutralize

360 X 14 = 120 Ibs of alkali. There are then 256 — 120
= 136 1bs. of alkali still to be neutralized. If 60° B. sul-
furic acid is used it requires about 1.54 lbs. of acid to one
pound of causticc Therefore to neutralize the caustic
soda remaining it requires:
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136 X 1.54 = 209.44 Ibs. 60° B. sulfuric acid to neutral-
ize the total alkali in the 40,000 pounds of spent lye.

The acid is added and the lye well stirred, after which
another sample is taken and again titrated as before. Frem
this titration the amount of acid to be added is again cal-
culated and more acid is added if necessary.  Should too
much acid have been added, caustic soda solution is added
until the lye is between exactly neutral and 0.02% atkaline.
The ltered lyes at this stage have a slight yellowish cast,

To be sure that the lyes are treated correctly the precipi-
tation test is advisable. To carry this out filter about 50
c.c. of the treated lye and divide into two portions in a
test tube.  To one portion add ammonia drop by drop. 1f
a clondiness develops upon shaking, more alkali is added
to the lye in the tank, To the other portion add a few
drops of 1 10 5 sulfuric acid and shake the test tube, If
a precipitate develops or the solution clouds, more acid is
needed.  When the lyes are treated right no cloudiness
should develop either upon adding ammonia or the di-
lute acid. .

The properly treated lye is then run through the flter
press while slightly warm and the filtered lve is fed to the
evaporator from the filtered lye tank. The lve coming
from the filter® press <hould be clear and have a shght
yellowish cast.  As the pressnre incréases it is necessary to
clean the press or some of the press cake will pass through
the cloths. Where «udium silicate is used as a fillgr, the
silicate scrap sheuld never be returned to the soap kettle
until the glycerine lyes have been withdrawn. This practice
of some soapmakers is to he strongly censured, as it
causes decided difficulty in filtering the lve, since during
the treatment of the lye, free silicic acid in colloidal form is
produced by the decomposition of the sodium silicate by
acid. This often prevents filtering the treated lye even at
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excess pressure and at its best retards the filtering.

As to the filter press cake, this may be best thrown away
in a small factory. Where, however, the output of glycerine
isavery large it pays to recover hoth the fatty acids and
alumina in the press cakes.

In some cases, cspecially when the lyes are very dirty
and the total residue in the crude glycerine runs high, for
which there is a penalty usually attached, a double filtra-
tration of the lye is advisable. This is carried out by first
nfaking the lye slightly acid in reaction hy the addition
of alum and acid, then filtering. This filtered lye is then
neutralized to the pruper point with caustic, as already
described, and passed through the filter press again.

While in the method of treating the lyes as given sul-
furic acid is used for neutralizing, some operators prefer
to use hydrachloric acid, as this forms sodium chloride or
common salt, whereas sulfuric acid forms sodium sul-
fute, having 25 the graining power of salt, which event-
wally renders the salt uscless for graining the soap, as the
Jereentage of sodinm sulfate increases in the sall.  When
the salt comains 25 per eent. sodium sulfate it is advisable
to throw 1t away. Suliurie acid, however, is considerably
cheaper than hydrochloric and this more than compensates
th« necessity of having to eventually rejece the recovered
salt. 1t may here also be mentioned that recovered salt
contains 3 7 per cent. glycerine which should be washed
out il*l]lc evaporator before it is thrown away. The follow-
ing tables give the approximate theoretical amounts of
acids of various strengths required to neutralize one
pound of caustic soda: *

For 1 pound of caustic soda —

3.25 Ibs, 18° B. hydrochloric (muriatic) acid are required.
2'92 “* mﬂ B. “w " “ “ “*
2'58 " 22' B- " “ “ “ “*
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For 1 pound of caustic soda—

1.93 1bs. 50° B. sulphuric acld are reqmred
154 “ 60° B. “ “ow
1'28 “ we . “ " g “

It is, of course, feasible to ncutralize the spent lye wilfl-
out first determining the causticity hy titrating a sample and
this is often the case. The operator under such conditions
lirst adds the sulfate of alumina, then the acid, using
litmus paper as his indicator. Cumparatively, this method
of treatment is much slower and not as positive, as the
amount of acid or alkali to be added is at all times un-
certain, for in the foaming of the lyes their action on litmus
is misleading.

After the Iye has been filtered to the filtered lye tank
is fed to the evaporator, the method of operation of which
varies sumewhat with different styles or makes. When it
first enters the evaporator the lye is about 11°-12° B. After
boiling the density will gradually rise to 27° B. and remain
at this gravity for some time and during which time most
of the salt is dropped out in the salt filter. As the lye
concentrates the gravity gradually rises to 28°-30° B., which’
is half crude glycerine and contains about 60 per cent.
glycerine. Some operators carry the evaporation to this
point and accurgulate a quantity of half crude before going
on to crude. After half crude is obtained the temperature
on the evaporator incrcases, the vacuum increases and the
pressure on the condensation drain goes up (using the same
amount of live steam). As the liquor grows heavict the
amount of evaporation is less, and Jess steam is required
necessitating the ragnlation of the steam pressure on the
drum, When a temperature of 210° I, on the evaporator,
with 26 or more inches vacuum on the pump is arrived at,
the crude stage has been reached and the liquor now con-
tains about 80 per cent. glycerine in which shape it is
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wsually sold by soap manufacturers. A greater concen-
tration requires more intricate apparatus. After settling a
day in the crude tank it is drummed.

Crude glycerine (about 80 per cent. glycerol) free from
salt is 33° B, or has a specific gravity of 1.3. A sample
boiled in an open dish boils at a temperature of 155° C.
or over.

TWITCHELL FROCESS.

The Twitchell process of saponification consists of caus-
ifg an almost complete cleavage of fats and oils by the use
of the Twitchell rcagent or saponifier, a sulfo-aromatic
compound. This is made by the action of concentrated
sulfuric acid upon a solution of oleic acid or stearic acid
in an aromatic hydrocarbon. From 035 per cent. to 3 per
cent. of the reagent is added and saponification takes place
from 12-48 hours by heating in a current of live steam
The reaction is usually accelerated by the presence of a few
per cent. of free fatty acids as a starter. Recently the
Twitchell double reagent has heen introduced through
Jwhich it is claimed that hetter colored fatty acids are ob-
tained and the glycerine is free from ash.

The "advantages claimed for the Twitchell process as
outlined by Joslin' arc as follows:

1. All the glvcerine is separated from the stock before
entering the kettle, preventing loss of glycerine in the soap
and removing glycerine from spent lye.

2. &l'he liquors contain 15-20 per cent. glycerine whereas
spent lyes contain but 3-5 per cent, necessitating less
evaporation and constquently being more economical in
steam, labor and time. ¢

3. No salt is obtained in the liquors which makes the
evaporation cheaper and removes the cause of corrosion of

Journ. Ind. Eng. Chem. (1909), I, p. 654.
13



SOAP-MAKING MANUAL

the evaporator; also saves the glycerine retained by the
salt.

4. The glycerine liquors are purer and thus the treatment
of the lyes is cheaper and simpler and the evaporatien
less difficult.

5. The glycerine can readily be cvaporated to 90 per cent.
crude rather than 80 per cent. crude, thus saving drums,
labor in handling and freight. The glycerine furthermore
receives a higher rating and price, being known as saponi-
fication crude which devclops no glycols in relining it. *

6. The fatty acids obtained by the Twitchell saponifier
may be converted into soap by carhonates, thus saving
cost in alkali.

7. There is a decrcase in the odor of many strong
smelling stocks.

8. The glycerine may be obtained from half boiled and
cold made soaps as well as soft (potash) soaps.

While the advantages thus outlined are of decided value
in the employment of the Twitchell process, the one great

disadvantage is that the fatty acids obtained are rather |

dark in color and are not satisfactorily employed for the
making of a soap where whiteness of color is desired.

To carry out the process the previonsly heated oil or
fat to be sapowiicd is run into a lead lined tank. As
greases and tallow often contain impurities a preliminary
treatment with sulfuric acid is necessary. For a grease
1.25 per cent. of half water and half 66° B. sulfuric acid
is the approximate amount. The undiluted 66° B. acid
should never be added directly, asethe grease would be
charred by this. The grease should he agitated by steam
after the required percentage of acid, caleulated on the
weight of the grease, has been added. The wash lye
coming off should be 7°-10° B. on a good clean grease or
15°-22° B. on cotton oil or a poor grease. As has been
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stated the grease is heated before the acid is added or the
condensation of the steam necessitates the addition of more
acid. After having boiled for 1-2 hours the grease is
alfowed to settle for 12 hours and run off through a swivel
pipe.

After the grease has been washed, as just explained,
and scttled, it is pumped into a covered wooden tank con-
taining an open brass coil.  Some of the sccond lye from
a previons run is usually left in this tank and the grease
pumped into this. The amount of this lye should be about
one-third to one-half the weight of the grease so that there
is about 60 per cent. by weight of grease in the tank after
24 hours boiling.  Where occasions arise when there is no
second Iye about 50 per cent. by weight of distilled water
to the amount of grease is run into the tank to replace the
lye. The saponifier is then added through a glass or
granite ware funnel after the contents of the tank have
been brought to a hoil.  1f the boiling is to be continued
48 hours, 1 per cent. of saponifier is added. For 24 hours
Jwoiling add 1.5 per cent. "1he boiling is continued for 24-43
hours allowing 18 inches for boiling room or the grease
will Twil over.

After boiling has continued the required length of time
thie mass is scttled and the glycerine watereis drawn off to
the treatment tank. Should a permanent emulsion have
furmed, due to adding too great an amount of saponifier,
a ligle sulfuric acid (0.1 per cent.-0.3 per cent.) will
readily break this. During the time this is being done the
space between the grease and the cover on the tank is kept
filled with steam as contact with the atr darkens the fatty
acids.

To the grease remaining in the tank distilled water (con-
densed water from steam coils) to one-half its volume is
added and the boiling continued 12-24 hours, The grease
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is then settled and the clear grease run off through a
swivel pipe. A layer of cmulsion usually forms between
the clear grease and lye so that it may easily be de-
termined when the grease has all been run off. To prg-
vent discoloration of the fatty acids it is necessary to
ncutralize the lye with barium carhonate. The amount of
this to be added depends upon the percentage of saponilier
used. About 1/10 the weight of saponifier is the right
amount, The barium carbonate is added through the fun-
nel at the top of the tank mixed with a little water and
the lye tested until it is neutral to methyl orange indicator.
When the fatty acids are thus treated they will not darken
upon exposire to the air when run off.

Fresh grease is now pumped into the lye or water re-
maining in the tank and the process repeated.

The glycerine water or lirst lye is run to the treatment
tank, the fat skimmed ofl and neutralized with lime until it
shows pink with phenolphthalein, after baving been thor-
oughly boiled with steam. About 0.25 per cent. lime is the

proper amount to add. The mixture is then allowed to

settle and the supernatant mixture drawn off and run to the
gly.erine evaporator feed tank.  The lime which holds
considerable glycerine is filtered and the liquor added to the
other. The evaporation is carried out in two stages. The
glycerine water is first evaporated to about 60 per cent.
glycerol, then dropped into a settling tank to settle out the
calcium sulfate. The clear liquor is then cvaporateg to
crude (about 90 per cent. glycerine) and the sediment
filtered and also evaporated {o crudes

As to the @gmount ©f saponitier to use on various stocks,
this is best determined by cxperiment as to how high a
percentage gives dark colored fatty acids, For good stock
such as clean tallow, prime cottonsced oil, corn oil,
cocoanut oil and stock of this kind 0.75 per cent. saponifier
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is sufficient. For poorer grades of tallow, house grease,
poor cottonseed oil, ctc.,, 1 per cent. saponifier is required
and for poorer grade greases higher percentages. The
pgreentage of fatty acids developed varics in various stocks,
and also varies with the care that the operation is carried
out, hut is usually hetween 85 per cent.-95 per cent. Due
to the water taken up in the saponiiication process there
is a yicld of about 103 pounds of fatty acids and glycerine
for 100 pounds of fat.

« The Twitchell reagent has undoubtedly caused a decided
advance in the saponification of fats and oils and has been
of great value to the soap manufacturer, because with a
small expenditure it is possible to compete with the much
more expensive cquipment necessary for autoclave sapon-
ification. The drawback, however, has been that the
reagent imparted a dark color to the fatty acids obtained,
due to decomposition products forming when the reagent
is made, and hence is not suitable for use in soaps where
whiteness of color is desired.

There have recently heen two new reagents introduced
which act as catalyzers in splitting fats, just as the Twitchell
reagent acts, but the fatty acids produced by the cleavage
are of good color. The saponification, furthermore, takes
vlice more rapidly. These arc the Pfeilgng reagent and
Kontact reagent.

The I'ieilring reagent is very similar to the Twitchell
rea;'?cnt, being made from hydrogenated castor oil and
naphthalene by sulfonation with concentrated sulfuric acid.
It is manufactured iy Germany and is being extensively
used in that country with good success. .

The Kontact or Petrofl reagent, discovered by Petroff in
Russia, is made from sulfonated mineral oils. Until very
recently it has only been manufactured in Europe, but now
that it has been found possible to obtain the proper min-
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eral constituent from American petroleum, it is being manu-
factured in this country, and it is very probable that it will
replace the Twitchell reagent because of the advantages
derived by using it, as compared to the old Twitchell
reagent.

The method and equipment necessary for employing
either the Pfeilring or Kontact reagents is exactly the .
same as in using the Twitchell process.

AUTOCLAVE SAPONTFICATION.

While the introduction of the Twitchell process to'a
great extent replaced the autoclave method of saponifica-
tion for obtaining fatty acids for soap making, the auto-
clave method is also used. This process consists in heat-
ing the previously purificd fat or oil in the presence of
lime and water, or water only, for several hours, which
causes a splitting of the glycerides into fatty acids and
glycerine. The advantage of autnclave saponification over
the Twitchell process is that a greater cleavage of the fats
and oils results in less time and at a slightly less expense.
The glycerine thus obtained is also purer and of better
color than that obtained by Twitchelling the fats.

An autoclave or digestor consists of a strongly construct-
ed, closed cylindrical tank, usually made of copper, and is
so built as to®resist internal pressure. The digestor is
usually 3 to 5 feet in diamcter and from 18 to 25 feet high.
t may be set up horizontally or vertically and is covered
with an ashestos jacket to retain the heat.  Various €nlets
and outlets for the fats, «team, etc., as well as a pressure
gauge and safety yalve are also a® necessary part of the
equipment.

LIME SAPONIFICATION.

The saponification in an autoclave is usnally carried out

by irtroducing the fats into the autoclave with a percentage
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of lime, magnesia or zinc oxide, together with water. If
the fats contain any great amount of impurities, it is first
necessary to purify them either by a treatment with weak
sulfuric acid, as described under the Twitchell process, or
by'hoiling them up with brine and settling out the impuri-
ties from the hot fat.

To charge the autoclave a partial vacuum is created
therein by condensation of steam just before running the
purificd oil in from an elevated tank. The required quan-
tity of unslaked lime, 2 to 4 per cent. of the weight of the
fat, is run in with the molten fat, together with 30 per
cent. to 50 per cent. of water. While 87 per cent. lime is
theoretically required, practice has shown that 2 per cent.
to 4 per cent. is sufficient. The digestor, having been
charged and adjusted, steam is turned on and a pressure
of 8 to 10 atmospheres maintained thereon for a period of
six to ten hours. Samples of the fat are taken at
varions intervals and the percentage of free fatty acids de-
termined. When the saponification is completed the con-
tents of the autoclave are removed, usually by blowing out
the digestor into a woaden settling tank, or hy first running
off the glycerine water and then blowing out the lime, soap
and farty acids. The mass discharged from the digestor
separates into two layers, the upper consisging of a mix-
tare of lime soap or “rock” and fatty acids, and the lower .
layer contains the glycerine or “sweet” water, The glycer-
ine water is first run off through a clearing tank or oil
separ®tor, if this has not heen done directly from the auto-
clave, and the mass rergaining washed once or twice more
with water to remove any glycerine still retained by the
lime soap. The calculated amount of sulfuric acid to de-
compose the lime “rock” is then added, and the mass agi-
tated until the fatty acids contained therein are entirely
set free. Another small wash is then given and the wash
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water added to the glycerine water already run off. The
glycerine water is neutralized with lime, filtered and con-
centrated as in the Twitchell process.

Due tp the difficulties of working the autoclave saporifi-
cation with lime, decomposing the large amount of lime
soap obtained and dealing with much gypsum formed
thereby which collects as a sediment and necessitates clean-
ing the tanks, other substances are used to replace lime.
Magnesia, about 2 per cent. of the weight of the fat, is used
and gives better results than lime. One-half to 1 per cent.
of zinc oxide of the weight of the fat is even better
adapted and is now hecing extensively employed for this
purpose. In using zinc oxide it is possible to recover the
zinc salts and use them over again in the digestor, which
makes the process as cheap to work as with lime, with far
more satisfactory results.

ACID SAPONIFICATION.

While it is possible to saponify fats and ails in an auto-
clave with the addition of acid to the fat, unless a specially-
constructed digestor is built, the action of the acid on tﬁc
metal from which the autoclave is constructed prohibits
its use. The acid saponification is therefore carried out by
another methed.

The method of procedure for acid saponification, there-
fore, is to first purify the fats with dilute acid as already
described.  The purified, hiot or warm, dry fat is then run
to a specially-built acidifier or a lead-lined (ank and from
4 per cent. to 6 per cent. of concentrated sulfuric acid
added to the fat, ~lepending upon its character, the degree
of saponification required, temperature and time of sapon-
ification A temperature of 110 degrces C. is maintained
and the mass mixed from four to six hours. The tank is
then allowed to settle out the tar formed during the sapon-
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ification, and the fatty acids run off to another tank and
boiled up about three times with one-third the amount of
water. The water thus obtained contains the glycerine,
and after neutralization is concentrated.

AQUEOUS SAPONIFICATION,

. While lime or a similar substauce is ordinarily used to
aid in splitting fats in an autoclave, the old water process
is still used. This is a convenient, though slower and
mare dangerous method, of producing the hydrolysis of
the glyceride, as well as the simplest in that fatty acids
and glycerine in a water solution are obtained, The method
consists in merely charging the antoclave with fats and
adding ahout 30 per cent. to 40 per cent. of their
weight of water, depending on the amount of free
fatty acid and subjecting the charge to a pres-
sure of 150 to 300 porads, umil the splitting  has
taken place. This is a much hizher pressure than when
lime is used and therefore u very strong autoclave is re-
quired. Since fatty acids and pute glycerine water are
obtained no subsequent treatment of the finished charge is
necessary ¢xcept separating the glycerine water and giving
the fatty acids a wash with water to remove all the
glveerine from theni.

SPLITTING FATS WITII FERMENTS.

tn discussing the causes of rancidity of oils and fats it
was gointed out that the initial splitting of these is due
to enzymes. organized ferments. In the seeds of the
castor oil plant, especiflly in the protoplasm of the seed,
the enzyme which has the property of Yausing hydrolysis
of the glycerides is found. The ferment from the seeds
of the castor oil plant is now extracted and used upon a
commercial basis for splitting fats.

The equipment necessary to carry out this method of
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saponilication is a round, iron, lead-lined tank with a conical
bottom, preferably about twice as long as it is wide. Open
and closed steam coils are also necessary in the tank.

The oils are first hcated and run into this tank. “ The
right temperature to heat these to is about 1 degree to 2
degrees above their solidification point.  For liquid oils
23 degrees C. is the proper heat as under 20 degrees C.
the cleavage takes place slowly. TFats titering 44 degrees
C. or above must be brought down in titer by mixjng
with them oils of a lower titer as the ferment or enzyme
15 killed at about 45 degrees C. and thus loses its power
of splitting. Tt is also nccessary to have the fat in the
liquid state or the ferment does not act. The proper
temperaturc must be maintained with dry steam.

It is, of course, necessary to add water, which may be any
kind desircd, condensed, water from steam coils, well, city,
etc. From 30 per cent. to 40 per cent., on the average 35
per cent. of water is added, as the amount necessary is
regulated o as to not dilute the glycerine water unneces-
sarily. To increase the hydrolysic a cataly zer, some mvu-
tral salt, usually manganese sulfate is added in the propor-
tion of 0.15 per cent. appears to vary dircctly as the
saponification number of the fat or oil. The approximate
o percentages o fermentive substance to be added to various

oils and fats follow ;

Cocvanut oil ..ol ... 8 %°
Palm Kernel ol . . . 8 %
Cottonseed oil . ........ ¢ v 67 %
Linseed ol ,......... Ce s 45 %
Tallow oil ......... ...........o.... 8-10%

The oil, water, manganese sulfate and ferment having
been placed in the tank in the order named, the mixture is
agitated with air for about a quarter of an hour to form
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an even emulsion, in which state the mass is kept by stirring
occasionally with air while the saponification is taking
place. A temperature is maintained a degree or two above
theatiter point of the fat with closed steam which may
be aided by covering the tank for a period of 24 to 48
hours. The splitting takes place rapidly at first, then pro-
ceeds more slowly. In 24 hours 80 per cent. of the fats are
split and in 48 hours 85 per cent. to 90 per cent.

When the cleavage has reached the desired point the
nfass is hcated to 80 degrees-85 degrees C. with live or
indirect steam while stirring with air. Then 0.1 per cent.-
0.15 per cent of concentrated sulfuric acid diluted with
water is added to break the emulsion. When the emulsion
is broken the glycerine water is allowed to settle out and
drawn off. The glycerine water contains 12 per cent.
to 25 per cent. glycerine and contains manganese sulfate,
sulfuric acid and albuminous matter. Through ncutraliza-
tion with lime at boiling temperature and filtration the
impuritics can almost all be removed after which the
glycerine water may he fed to the evaporator. Should it be
desired to overcome the trouble due to the gypsum formed
in the plycerine, the lime treatment may be combined with
4 previous treatment of the glycerine water with barium
Ywdrate to remove the sulfuric acid, then lgjer oxalic acid
to precipitate the lime. B

The tatty acids obtained by splitting with ferments are of
very, good color and adaptable for snap making.

KRERITZ PRUCESS,

The Kichitz process Svhich has been used tn some extent
in Furope is based upon the conversion of the fat or oil
into lime soap which is transformed inta the soda soap by
the addition of sodium carbonate. To carry out the process
a comenient batch of, say, 10,000 pounds of fat or oil, is run
into a shallow kettle containing 1,200 to 1,400 pounds of lime
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previously slaked with 3,700 to 4,500 pounds of water. The
mass is slowly heated with live steam to almost boiling
until an emulsion is obtained. The tank is then covered
and allowed to stand about 12 hours, The lime soap thus
formed is dropped from the tank into the hopper of a
mill, finely ground and conveyed to a leeching tank. The
glycerine is washed out and the glycerine water run to a
tank for cvaporation. The soap is then further washed
and these washings are run to other tauks to e used over
again to wash a fresh hateh of seap.  Ahont 150,000 pounils
of water will wash he soap made from 10,000 pounds of
fat which makes Letween 15,000 and 10000 pounds of soap.
The first wash contains approximately 10 per cent. glycer-
ine and under ordinary citcumstances this only need he
evaporated for glyeerine recovery.

After extructing the glicerine the soap is slowly intro-
duced into a Loiling selution of sodium carbonite or sada
ash and boiled until the soda has replaced the lime. This
is indicated Ly the disappearance of the small lumps of
lime soap. Caustic seda is then added to saprnify the fat
Lot eonverted by tlie lnne saponrwation. The soap s then
salted out and allowed to scttle vut the caleinm carbonate.
This drops to the hottom of the hettle as a heavy sludge
entangling abgut 10 per cent. of the soap. A portion ol

»his saap may he recoveted Ly acitating the sludge with
licat and water, pumping the <oap off the top and filtering
the remaining sludge.

e «

While the wap thus edtained 35 very good, the percent-
age of glycerine recoicrad s greatly mereaced and the
cost of alkali as cawbonate is les,  The disadvantages are
many. Large quantitics of lime are reqnired: it 1< difficult
to recover the soap from the lime sludge; the operations are
nummerous,prior to the soap making proper and rather com-
plicated apparatus is requircd.
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DISTILLATION OF FATTY ACIDS.

The fatty acids obtained by various methods of sapenifi-
cation may be further improved by distillation.

Th order to carry out this distillation, two methods may
be pursued, first, the continuous method, whereby the
. fatty acids are continually distilled for five to six days,
and, second, the two phase mnethod, whereby the distilla-
tion continues for 16 1o 20 hours, after which the residue
is, drawn off, treated with acid, and its distillate added
to a fresh charge of fatty acids. The latter method is hy
far the best, since the wdvamages derived by thus pro-
ceeding more than compensate  the necessity of cleaning
the still. Better colored fatty acids are obtained; less
un<aponifiable matter is contained iherein; there is no
accumulation of impuritics; the amount of ncutral fat
is lessened beeanse the treatment of the tar with acid
canses a cleavage of the neutral fat and the candle tar or
pitch obtained is harder and better and thus more valu-
able,

“Ihe stills wre usually built of copper, which are heated by
bt divect tire and superhcated steam.  Distillation under
vicuum is advisable. To hegin the distilling operation, the

till is first filled with dry hot fatly acids to the proper
levil  Superheated sieam is then admitted and the cons.
denser is first heated 1o prevent the freezing of the fatty
acids, passing over into same. When the temperature
readriez 230 deg. C. the distillation hegins. At the begin-
ning, the fatty acids fipw from the condensor, an intense
green color, due to the formation of copper soaps produced
liy the action of the fatty acids on the copper still.  This
color may casily be removed hy treating with dilute acid
to decompose the copper soaps.

In vacuum distillation, the operation is begun without
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the use of vacuum. Vacuum is introduced only when the
distillation has procecded for a time and the introduction
of this must be carefully regulated, else the rapid influence
of vacuum will causc the contents of the still to overflow.
When distillation has begun a constant level of fatty atids
is retained therein by opening the feceding valve to same,
and the heat is so regulated as to produce the desired rate
of distillation. As soon as the distillate flows darker and
slower, the feeding valve to the still is shut off and the
distillation continued until most of the contents of the stjll
are distilled off, which is indicated by a rise in the tempera-
ture. Distillation is then discontinued, the still shut down,
and in about an hour the contents are sufficiently cool to
be emptied. The residue is run off into a proper receiv-
ing vessel, treated with dilute acid and used in the distil-
lation of tar.

In the distillation of tar the same method as the above
is followed, only distillation proceeds at a higher tempera-
ture. The first portion and last portion of the distillate
from tar are so dark that it is necessary to add them to
a fresh charge of fatty acids. By a well conducted distH-
lation of tar ahout 50 per cent. of the fatty acids from the
tar can be used to mix with the distilled fatty acids. The
residue of this operation called stearine pitch or candle tar

oconsists of a hard, brittle, dark substance. Llastic pitch
only results where distillation has heen kept constant for
several days without interrupting the process, and re-
distilling the tar. T o good distiliation the distill®ion
loss is 0.5 te 1.5 and lass in pigch 15%. Faty acids
which are not acidified deliver ahout 3% of pitch, Very
itipure fats yicld cven a higher percentage in spite of
acidifying. For a long time it was found impossible to
find any use for stearine pitch, but in recent years a use
has been found for same in the electrical installation of
cables.
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CHAPTER VI
Analytical Methods.

While it is possible to attain a certain amount of
efficiency in determining the worth of the raw material
entering into the manufacture of soap through or-
ganoleptic mecthods, thesec are hy no mecans accurate.
1t is, therefore, necessary to revert to chemical meth-
ods to correctly determine the selection of fats, oil or
other substances used in soap making, as well as stand-
ardizing a particular soap manufactured and to properly
regulate the glycerine recovered.

It is not our purpose to cover in detail the numerous
analytical processes which may be employed in the ex-
amination of fats and oils, alkalis, soap and glycerine,
as these are fully-and accurately covered in various
texts, but rather to give briefly the necessary tests
which ought to be carried out in factories where large
athounts of soap are made. Occasion often arises where
it is impossible to employ a chemist, yet it is possible to
have this work done by a competent person or to have
.omeone instruct himsclf as just how to carry out
the more simple analyses, which is not a very difficulte
matter. The various standard solutions necessary to
carrying out the simpler titrations can readily be pur-
chased from dealers in chemical apparatus and it does
not take extraordinary intclligence for anyone to op-
erate a burette, yet in many soap plants in this country
absolutely no attention is paid to the examining of raw
material, though many thousand pounds are handled
annually, which, if they were more carefully examined
would result in the saving of much more money than
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it costs to examine them or have them at least occa-
sionally analyzed.

ANALYSIS OF FATS AND ONLS,

.

In order to arrive at praper results in the analysis
of a fat or oil, it is necessary to have a proper sample.
To obtain this a sample of sceveral of the packages of
oil or fat is taken and these mixed or molten together
into a composite sample which is used in making the
tests. If the oil or fat is solid, a tester is used in taking
the sample from the package and if they are liquid, it
is a simple matter to draw off a uniform sample from
cach package and from these to form a composite
sample.

In purchasing an oil or fat for soap making, the manu-
facturer is usually interested in the unount of free fatty
acid contained therein, of moisture, the titer, the per-
centage of unsaponifiable matter and to previously de-
termine the color of soap which will he obtained where
color is an object, ’

.
DETERMINATION OF PRLE FATTY ACIDS,

Since the free fatty acid content of a fat or oil represents
a loss of glycerine, the zreater the percentage of free
~fatty acid, the less plycerine is contained in the fat or
oil, it is advisable to purchase a fat or oil with the lower
free acid, other propertivs and the price being the same. |
While the mean moleculur weight of the mixed Free
fatty acids varies with the sameg und different oils or
fats and should «be dJdetermined for any particular
analysis for accuracy, the free fatty adid is usually ex-
pressed as oleic acid, which has a molecular weight of
282.
To carry out the analysis 5 to 20 grams of the fat are
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weighed out into an Erlenmeyer flask and 50 cubic cen-
timeters of carcfully neutralized alcohol are added. In
order to neutralize the alcohol add a few drops of
plenolphthalein solution to same and add a weak
caustic soda solution drop by drop unti! a very faint
pink color is obtained upon shaking or stirring the
alcohol thoroughly. The mixture of fat and neutralized
alcohol is then heated to boiling and titrated with tenth
normal alkali solution, using phenolphthalein as an in-
dicator. As only the free fatty acids are readily soluble
in the aleohol and the fat itsclf only slightly mixes avith
it, the flask should be well agitated toward the end of
the titration. When a faint pink color remains after
thoroughly agitating the flask the end point is reached.
In order to calculate the percentage of free fatty acid
as oleic acid, multiply the number of cubic centimeters
of tenth normal alkali used as read on the burette by
0.0282 and divide by the number of grams of fat taken
for the determination and multiply by 100.

When dark colored oils or fats are being titrated 1 is
Often difficult to obtain a good end point with phenolph-
thalein. In such cases about 2 cubic centimeters of a
2 per cent. alcoholic solution of Alkali Blue 6 B is
recommended. .

Annther method of directly determining the free fatéy
acid ~ontent of tallow or grease upon which this de-
termination is most oiten made is to weigh out into an
PPlenmeyer flask exactly 5.645 grams of a sample of
tallow or grease. {dd about 75 cubic centimeters of
neutralized alcohol. Teat until it bails, then titrate with
tenth normal alkali and divide the reading by 2, which
gives the percentage of free fatty acid as oleic. If a
fifth nermal caustic solution ie used, the reading on the
burette gives the percentage of free fatty acid dircctly.
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This method, while it eliminates the necessity of calcula-
tion, is troublesome in that it is difficult to obtain the
exact weight of fat.

MOISTURKE.

To calculate the amount of moisture contained in a fat
or oil 5 to 10 grams are weighed into a flat bottom dish,
together with a known amount of clean, dry sand, if it
is so desired.  The dish is then heated over a water
bath, or at a tcmperature of 100-110 degs. C., until it
no longer loses weight upon dryving amd rewcighing tht
dish. One hour should elapse between the time the
dish is put on the water bath and the time it is taken off
to reweigh., The difference between the weight of the
dish is put on the water hath and the time it is taken off
when it rcaches a constant weight is moisture. This
difference divided by the original weight of the fat or
oil X 100 gives the percentage of moisture.

When highly unsaturated fats or oils are being ana-
lyzed for moisture, an error may be introduced either
by the absorption of oxygen, which is accelerated at
higher temperature, or by the formation of volatile fatty
acids. The former canses an increase in weight, the
latter causes a decrcase. To obviatd this, the above
operation of dsying should be carricd out in the pres-
eYice of some inert gas like hydrogen, carbon dioxide,
or nitrogen.

TITER.

The titer of a fat or oil is really an indication of the
amount of stearic acid contained therein. The titer,
expressed in degrees Centigrade, is the solidification pnint
of the fatty acids of an oil or fat. In order to carry out the
operation a Centigrade thermometer graduated in one or
two-tenths of a degree is necessary. A thermometer grad-
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vated between 10 degs. centigrade to 60 degs. centi-
grade is best adapted and the graduations should be
clear cut and distinct.

To make the determination about 30 grams of fat are
roughly weighed in a metal dish and 30-40 cubic centi-
meters of a 30 per cent. (36 degs. Baumé) solution of
sodium hydroxide, together with 3040 cubic centimeters
of alcohol, denatured alcohol will do, are added and the
mass heated until saponified. Heat over a low flame or
over an asbestos plate until the soap thus formed is dry,
constantly stirring the contents of the dish to prevent
burning. The dried soap is then dissolved in about 1000
cubic centimeters of water, being certain that all the
alcohol has been expelled by boiling the soap solution
for about half an hour. When the soap is in solution
add sufficient sulphuric acid to decompose the soap, ap-
proximately 100 cubic centimeters of 25 degs. Baumé
sulphuric acid, and boil until the fatty acids form a clear
layer on top of the liquid. A few pieces of pumice stone
put into the mixture will prevent the bumping caused by
boiling. Siphon off the water from the bottom of the
dish and wash the fatty acids with boiling water
until free  from , sulphuric acid.  Collect the fatty
acids in a small casserole or beaker and dry them over
a stecam bath or drying oven at 110 degfs. Centigradg
When the fatty acids are dry, cool them to about 10
degs. above the titer expected and transfer them to a
tiér tube or short test tube which is firmly supported
by a cork in the opeging of a salt mouth bottle. Hang
the thermometer by a cord from aRove the supported
tube so it reaches close to the bottom when in the titer
tube containing the fatty acids and so that it may be
used as a stirrer. Stir the mass rather slowly, closely
noting the temperature. The temperature will grad-
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ually fall during the stirring operation and finally re-
main stationary for half a minute or so then rise from
0.1 to 0.5 degs. The highest point to which the mer-
cury rises after having been stationary is taken as she
reading of the titer.

DETERMINATION OF UNSAPONIFIABLE MATTER.

In order to determine the unsaponifiable matter in
fats and oils they are first saponificd, then the unsaponi-
fiable, which consists mainly of hydrocarbons and the
higher aleohols cholesterol or phytosterol, is extracted
with ether or petrolcum cther, the ether evaporated
and the residue weighed as unsaponifiable.

To carry out the process lirst saponify about 5 grams
of fat or oil with an excess of aleoholic potassium hy-
drate, 20-30 cubic centimcters of a i to 10 solution of
potassium hydroxide in alcobol until the alcohol is
evaporated over a steam bath. Wash the soap thus
formed into a separatory tunnel of 200 cubie centimeters
capacity with 80-100 cubic centimeters water.  Then
add about 60 cubic centimcters of ether, pclrulcufu
ether or 86 dcgs. gasoline and thoroughly shake the fun-
nel to extract the unsaponifiable.  Shogild the two layers
not separate readily. add a few cubic centimeters of
alcohol, which will readily cause them to separate.
Draw off the watery solution from beneath and wash
the cther with water containing a few drops of sodium
hydrate and run to another dish. Pour the watery sol u-*
tion into the funnel again and gepeat the extraction
once or twice moge or until the ether shows no dis-
coloration. Combine the cther extractions into the fun-
nel and wash with water until no alkaline reaction is
obtained from the wash water. Run the ether extract
to a weighed dish, evaporate and, dry rapidly in a drying
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oven, As some of the hydrocarbons are readily volatile
at 100 degs. Centigrade, the drying should not be car-
ried on any longer than necessary. The residue is then
weighed and the original weight of fat taken divided
into the weight of the residue X 100 gives the percentage
unsaponifiable.

TEST FOR COLOR OF SOAP.

It is often desirable to determine the color of the fin-
ished soap by a rapid determination before it is made
in'to soap. Tt often happens, especially with the tallows,
that a dark colored sample produces a light colored
soap, whereas a bleached light colored tallow produces
a soap off shade.

To rapidly determine whether the color casily washes
out of the tallow with lye, 100 cubic centimeters of tal-
low are saponified in an enamcled or iron dish with
100 cubic centimeters of 21 degs. Baumé soda lye and
100 cubic centimeters of denatured alcohol. Continue
heating over a wire gauze until all the alcohol is ex-
pelled and then add 50 cubic centimeters of the 21 degs.
Baumé lye to grain the soap. Allow the lycs to settle
and with an inverted pipette draw off the lyes into a
test tube or bottles Close the soap with 100 cubic centi-
meters of hot water and when closed aggin grain with
50 cuhic centimeters of the lye by just bringing to £
boil over an open flame. Again allow the lyes to settle
ang put aside a sample of the lyc for comparison. Re-
peat the process of closing, graining and settling and
take a sample of lye® If the lIye is still discolored re-
peat the above operations again or until the lye is color-
less. Ordinarily all the color will come out with the
third lye. The soap thus obtained contains considerable
water which makes it appear white. The soap is, there-
fore, dried to about 15 per cent. moisture and examined
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for color. The color thus obtained is a very good cri-
terion as to what may be expected in the soap kettle.
By making the above analyses of fats or oils the main
propertics as to their adaptability for being made into
soap arce determined. In some cases, especially where
adulteration or mixtures of oils are suspected, it is nec-
essary to further analyze same. The methods of carry-
ing out these analyses are fully covered by various texts
on fats and oils and we will not go into details regard-
ing the method of procedure in carrying these out.

TESTING OF ALKALIS USED IN SOAP MAKING.

The alkalis entering into the manufacture of soap such
as caustic soda or sodium hydroxide, caustic potash or
potassium hydrate, carbonate of soda or sodium carbonate,
carbonate of potash or potassium carbonate usually con-
tain impuritics which do not cnter into combination with
the fats or fatty acids to form soap. It is out of the ques-
tion to use chemically pure alkalis in soap making, hence
it is often nccessary to determine the alkalinity of an
alkali, It may again be pointed out that in saponifving a
neutral fat or oil only caustic soda or potash are cfficient
and the carbonate contained in these enly combines to a
more or less cxtent with any free fatty acids contained in
the oils or fats, Caustic voda or potash or lyes made
from these alkalis upon exposure to the air are grad-
ually converted into sodium or potassium carbonateghy,
the action of the carbon dioxide contained in the air.
While the amount of carbonate thés formed is not very
great and is greatest upon the surface, all lyes as well as
caustic alkalis contain some carbonate. This carbonate
mtroduces an error in the analysis of caustic alkalis when
accuracy is required and thus in the analysis of caustic
soda or potash it is necessary th remove the carbonate
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vhen the true alkalinity as sodium hydroxide or potas-
sium hydroxide is desired. This may be done by titration
n alcohol which has been neutralized.

B order to determine the alkalinity of any of the ahove
mentioned alkalis, it is first necessary to obtain a repre-
sentative sample of the substance to be analyzed. To do
‘his take small samples from various portions of the pack-
age and combine them into a composite sample. Caustic
potash and soda are hygroscopic and samples should be
weighed at once or kept in a well stoppered bottle. Sodium
or potassium carbonate can be weighed more casily as
th& do not rapidly absorb moisture from the air.

To weigh the caustic soda or potash place about five
grams on a watch glass on a balance and weigh as rapidly
as possible. Wash into a 500 cubic centimcter volumetric
flask and bring to the mark with distilled water. Pipette
off 50 cubic centimeters into a 200 cubic centimeter heaker,
dilute slightly with distilled water, add a few drops of
methyl orange iudicator and titrate with normal acid.
Fgr the carbonates about 1 gram may be weighed, washed
into a 400 cubic centimcter beaker, diluted with distilled
water, methyl orange indicator added and titrated with
normal acid. It i advisable to use methyl orange indi-
cator in these titrations as phenolphthaleinsis affected by
the carbon dioxide gencrated when an acid reacts with a
carbonate and does not give the proper end point, unless
shasolution is boiled to expel the carbon dioxide. Litmus
may also be used as the indicator, hut here again it is
necessary to boil as cirbon dioxide also affects this sub-
stance As an aid to the action of thése common indica-
tors the following table may be helpful:

135



SOAP-MAKING MANUAL

Color in Color in
Indicator. Acid Alkaline Action of
Solution. Solution. CO,.
Methyl orange  Red Yellow  Very slightly aeid
Phenolphthalein  Colorless  Red Acid
Litmus Red Tlue Acid

It may be further stated that methyl orange at the neu-
tral point is orange in color.

To calculate the percentage of effective alkali from the
ahove titrations, it must be first pointed out that in the
case of caustic potash or soda aliquoit portions are
taken. This is done to reduce the error necessarily $n-
volved by weighing, as the ahsorption of water is decided.
Thus we had, say, exactly 5 grams which weighed 5.05
grams hy the time it was balanced, This was dissolved
in 500 cubic centimeters of water and 50 enbic centimeters
or one tenth of the amomt of the solution wus taken, or
in each 30 cubic centimeters there were 0.305 grams of the
sample.  We thus reduced the crror of weighing by one
tenth provided other conditions introduce no error. in
the case of the carbonates the weivht is taken directly.

One cubic centimeter of a normal acid solution is the

cquivalent of : . Grams.
Sodium Carbonate, Na.CO, ............ 0.05305
Sodium Hydrnxide, NaOH.. ........... 0.04006
Sodium QOxide, Na,0.. . .............. 0.02905
Carbonate K,COy .. ool oa. 0.06908 .
Potassium Hvdexide. KO ... . .... 005616
Pctassinm Oxide, K.Y, .. 0%, ... 004715

Hence to arrive at the alkahnity we multiply the num-
lier of cubic centimeters, read on the burette, by the factor
opposite the terms in which we desire to express the al-
kalinity, divide the weight in grams thus obtained by the
original weight taken, and multiply the result by 100,

136



ANALYTICAL METIIODS

which gives the percentage of alkali in the proper terms.
For example, say, we took the 0.505 grams of caustic
patash as explained above and required 87 cubic centi-
metgr normal acid to neutralize the solution, then

87 X 05616 == 4886 grams KOI{ in sample

4886 -
_5~Og X 100 = 96.73% KOH in sample.

Caustic potash often contains some caustic soda, and
while it is possible to express the results in terms of KOH,
regardless of any trouble that may be caused by this mix-
ture in svap making, an errur is introduced in the results,
not all the alkali being caustic potash. In such cases it is
advisable to consult a book on analysis as the analysis
is far more complicated than those given we will not
consider it. “Fhe presence of carbonates, as already stated,
also causes an error. To overcome this the alkali is titrated
in absolute alcohul, filtering off the insoluble carbonate.
The soluble portion is caustic hydrate and may be titrated
as such. The carbouate remaining on the filter paper is
dissolved in water and titrated as carbonate.

SOAP ANALYSIS.

To obtaiu a sample of a cake of svap for analysis is a
rather difficult matter as the muisture content of the outer
and ivner layer varies considerably. To overcome thés
difticulty a borer or sampler may be run right through
the cake of svap, or slices may be cut from various parts

<o the cake, or the cake may be cut and run through a -
meat chopper severaly times and mixed. A sufficient
amount of a homogeneous sample obtained by any of these
methods is preserved for the entire analysis by keeping the
soap in a sccurely stoppered bottle,

The more imporfant determinations of soap are moist-
ure, free alkali, or fatty acid, combined alkali and total
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fatty matter. Desides these it is often neccssary to de-
termine insoluble maiter, glycerine, unsaponifiable matter,
rosin and sugar.

MOISTURE.

The analy<is of soap for moisture, at its best, is most
unsatisfactory, for by heating it is impossible to drive off
all the water, and on the other hand volatile oils driven
off by heat are a part of the loss represented as moisture.

The usual method of determining moisture is to weigh
2 to 3 grams of fincly shaved soap on a watch glass and
heat in an oven at 105 degrees C. for 2 1o 3 hours. The
loss in weight is represented as water, although it is really
impossible to drive off all the water in this way.

To overcome the difficulties just mentivned either the
Smith or Fahrion method may be used.  Allen recom-
mends Smith's method which is saild to he trathful to
within 023 per cent.  Fahrien’s method, according to
the author, gives reliable resulte to within 0.5 per cent.
Both are more rapid than the above manipulation, «To
carry out the method of Smith, 5 to 10 grams of fincly
growdd soap are hested over a sand bath with a small
Bunsen flame Leneath ity in a large® poreelain crucible.
The heating etahes 20 to 30 winutes, or until no further
&vidence 1s present of water being driven off.  This may
be tested hy the fopging of a cold picce of glass held over
the crucible immediately upon removing the hurner, Wiy
no fog appears the <oap is considered dry.  Any lumps of
soap may be broken up by a small%lass rod, weighed with
the crucible, and with a roughened end o more easily
separate the lumps.  Should the soap burn, this can readily
be detected by the odar, which, of course, renders the
analysis useless. The loss if weight is inoisture.
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By Fahrion’s method*, 2 to 4 grams of soap arc weighed
in a platinum crucible and about three times its weight
of oleic acid, which has been heated at 120 degrees C. until
all the water is driven off and preserved from moisture,
is added and reweighed. The dish is then cautiously
heated with a small flame until all the water is driven off
and all the soap is dissolved. Care must be exercised not
to heat too highly or the oleic acid will decomnpose, 'he mo-
ment the water is all driven off a clear solution is formed,
provided no fillers are present in the soap. The dish is
then cooled in a dessicator and rewcighed. The loss in
weight of acid plus soap is moisture and is calculated on
the weight of soap taken. This determination takes about
fifteen minutes.

FRFE ALKALL OR ACID.

() Alcoholic Method.,

Test a freshly cut surface of the soap with a few drops
of an alcoholic phenolphthalein solution. If it does not
turn red it may be assumed free fat is present; should a
red color appear, free alkali is present. In any case dis-
solve 2 to 5 grams of soap in 100 cubic centimcters of
neutralized alcohol and heat to boiling until in solution,
Filter off the undissolved portion containing carbonate.
etc, and wash with alcohol  Add phenolphthalein to he
filtrate and titrate with N/10 acid and calculate the per
cent. of free alkali as sodium or potassium hydroxide.
Should the filtrate be acid instead of alkaline, titrate with
N/10 alkali and calculate the percentage of free fatty acid
as oleic acid.

The insoluble portion remaining on the filter paper is
washed with water until all the carbonate is dissolved.
The washings are then titrated with N/10 sulfuric acid

“Zeit, Angew Chem 19, 385 (1906).
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and expressed as sodium or potassium carbonate. Should
borates or silicates be present it is possible to express in
terms of these. If horax is present the carbon dioxide is
boiled off after neutralizing exactly to methyl orange; cnol,
add mannite and phenolphthalein and titrate the horic acid
with standard alkali,

(b)Y Bosshard and Iluggenberg Mecthodt .

In using the alcoholic method for the determination of
the free alkali or fat in soap there is a possibility of both
free fat and free alkali being present. Upon boiling in zn
alcoholic solution the fat will be saponified, thus intro-
ducing an error in the analysis. The method of Busshard
and Huggenberg overcomes this objection. Their method
is briefly as follows:

Reagents. .
1. N/10 hydrochloric acid to standardize N/10 alcoholic
sodium hydroxide. .

2. Approximately N/10 alcoholic sodium hydroxide to
fix and control the N/40 stcaric acid.

3. N/40 stearic acid. Preparation: About 7.1 grams of
stearic acid are dissolved in one liter of absolute alcohol,
the solution filtered, the strength determined by titration
against N/10 NaOH and then protected in a well stop- .
pered bhottle, cor better still connected directly to the
birette.

4. A 10 per cent. solution of harium chloride. Prepara-
tion: 100 grams of barium chloride are dissolved in one
liter of distilled water and filtered. The neutralty of e
solution should be proven as it must be neutral.

5. @ naphtholphthalein indicator acenrding to Soren-
son. Preparation: 0.1 gram of a uaphtholphthalein is
dissolved in 150 cubic centimeters of aleohol and 100 cubic

$Zeit. Angew. Chem. 27, 11:20 (1914).
140



ANALYTICAL METITODS

centimeters of water. For every 10 cubic centimeters of
liquid use at least 12 drops of indicator.

6. Phenolphthalein solution 1 gram to 100 cubic centi-
me¥er 96 per cent. alcohol.

7. Solvent, 50 per cent. alcohol neutralized.

MANIPULATION.

First—Determine the strength of the N/10 alcoholic so-
dium hydroxide in terms of N/10 hydrochloric acid and
calculate the factor, e. g.:

10 e.c. N/10 aleoholic NaOII = 9.95N/10 HCI

10 c.c. N/10 aleoholic NaOH = 996 N/10 1ICI
The alcoholic N/10 NaOIT has a factor of 0996.

Scecond—Control the N/40 stearic acid with the above
alkali to obtain its factor, ¢ g.:

40 c.c. N/40 aleoholic stearic acid =

10.18 c.c. N/10 NaOlI)
40 c.c. N/ ahuhoh«. stearic acid == } 102
10.22 c.c. N/10 NaOll )
10.2 > FN/IONaOll (0996) == Factor N/40 stearic ac:d

< Yeactor N/40 stearic acid = 1.016.

Third—-About 5 grams of soap are wcighed and dis-
solved in 100 cubis centimeters of 50 per cent. neutralized
aleohol in a 250 cubic centimeter Erlenmeygr flusk over a
water bath and connected with a reflux condensor. When
completely dissolved, which takes but a few moments, it
is cooled by allowing a strcam of ruuning water to run

“Mer the outside of the flask.

Fourth—The soap ie precipitated with 15 to 20 cubic
centimeters of the 10 per cent. harium chloride solution.

Fifth—After the addition of 2 10 § cubic centimeters of
a naphtholphthalein solution the solution is titrated with
N/40 alcoholic steatic acid. o naphtholphthalein is red
with an excess of stearic acid. To mark the color changes

§ 996
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it is advisable to first run a few blanks until the eye has
become accustomed to the change in the indicator in the
same way. The change from green to red can then hc
carefully observed.

Let us presume 5 grams of soap were taken for the
analysis and 20 cubic centimeters of N/40 stearic acid
were required for the titration then to calculate the
amount of NaOll since the stearic factor is 1.016.

20 > 1.016 == 20.32 N /40 stearic acid really required.

1 cubic centimeter N0 stearic acid == 002 per cent.
NaOll for 5 grams soap.

A 20.32 cubic centimeters N /40 stearic acid = (.02 °
2032 per cent. NaOll for § erams woap.

Henee the soap contains 04004 per cent. NaOll,

It is necessary, however, to make a corrdetion by this
method.  When the iree alhali amounts to over 0.1 per
cent. the correction is -+ 0.01, and when the free alkali
exceeds 0.4 per cent. the cortection is 4 003, hence in the
above case we multiply QOHOM by 0.04, add this amouut
1o 0.004064 and multiply by 100 to obtain the true per-
centage,  Should the alkalinity have been near 01 per cent.
we would have multiplied Ly (.01 and aglded this.

If carhonate i~ also present in the ~oap, another 3 grams
ofvsvap iv dissolved in 100 cubic centimeters of 50 per
cent. alcohol and the solution titrated directly after cooling
with N0 stearic acid, using o naphtholphthalein or
phenolphthalein as an iudicator, without the addition ¥
harium chloride.  From the differupee of the two titra-
tions the alkali present as carlonate is determined.

1 the decomposed soap solution is colorless with
phenolphthalein, free fatty acids are present, which may
be quickly detcrmined with aleoholic N/10 sodium hy-
droxide.
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INSOLUBLE M ATTER.

The insoluble matter in soap may consist of organic or
inggganic substances. Among the organic substances which
are usually present in soap are oat meal, brun, sawdust, etc.,
while among the common inorganic or mincral compounds
are pumice, silex, clay, tale, zinc oxide, infusorial earth,
sand or other material used as fillers.

To determine insoluble matter, 5 grams of soap are dis-
selved in 75 cubic centimeters of hot water. The solution
is filtered through a weighed gooch crucible or filter paper.
The residue remaining on the filter is washed with hot
water until all the soap is removed, is then dried to constant
weight at 105 degrees C. and weighed. From the difference
in weight of the gooch or filter paper and the dried residue
remaining théreon after filtering and drying, the total per-
centage of insoluble matter may ecasily be calculated. By
ipniting the resilue and reweighing the amount of in-
soluble mineral matter can be readily determined.

STARCH AND GLLATINE,

should starch or gelatine be present in soap it is neces-
sary to estract 5 grams of the soap with 100 cubic centi-
meters of 45 per cent. nentralized aleohol ina Soxhlet ex-
tractor until the residue on the extraction thimble is ima
powder form. If necessary the apparatus should be discon-
nected and any lumps crushed, as these may contain soap.
“Me residue remaining on the thimble consists of all sub-
stances present in soag insoluble in alcohol. This is dried
and weighed so that any percentage of impurities not
actually determined can he found by difference. Starch and
gelatine are separated from carbonate, sulfate and borate by
dissolving the latter out through a filter with cold water, The
starch and gelatine thus remaining can be determined by
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known methods, starch by the method of direct hydrolysis
and gelatine by Kjcldahling and calculating the correspond-
ing amount of gelatine from the percentage of nitrogen
(17.9%) therein.?

TOTAL FATTY AKD RESIN ACIDS,

To the filtrate from the insoluble matter add 40 cubic
centimeters of half normal sulfuric acid, all the acid being
added at once. Boil, stir thoroughly for some minutes and
keep warm on a water bath until the fatty acids have col-
lected as a clear layer on the surface. Cool by placing the
beaker in ice and syphon off the acid water through a filter.
Should the fatty acids not rcadily congeal a weighed amount
of dried bleached bees-wax or stearic acid may e added to
the hot mixture. This fuses with the hot mass and forms a
firm cake of fatty acids upon cooling. Withouteremoving the
fatty acids from the heaker, add ahout 300 cubic centimeters
of hot water, cool, syphon off the water through ‘the same
filter used before and wash again. Repeat washing, cooling
and syphoning processes until the wash water is no longer
acid. When this stage is reached, dissolve any fatty adid
which may have remained on the filter with hot 95 per cent.
alcohol into the beaker containing the fatty acids. Lvap-
orate the alcohol and dry the beaker to constant weight
ovgr a water Bath. The fatty acids thus obtained repre-
sent the combined fatly acids, uncombined fat and
hydrocarbons,

DETFRMINATION OF ROSIN.

L .. .

If resin acids are present, this may be determined by
the Liebermann-Storch reaction, To cairy out this test
shake 2 cubic centimeters of the fatty acids with 5 cubic

t Bull, 107, Bur. Chem. U. S. Dep Agriculture.
3 Richards and Gics Am. J. I’hysiol. (1902) 7, 129.
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centimeters of acetic anhydride; warm slightly; cool; draw
off the anhydride and add 1:1 sulfuric acid. A violet
color, which is not permancnt, indicates the presence of
rosin in the soap. The cholesterol in linsced or fish oil,
which of course may be present in the soap, also give this
reaction.

Should resin acids be present, these may be separated
ly the Twitchell method, which depends upon the difference
in the behavior of the fatty and resin acids when con-
verted into their ethyl esters through the action of hydro-
chloric acid. This may be carried out as follows:

Three grams of the dricd mixed acids are dissolved in
25 cubic centimeters of ahsolute alcohol in a 100 cubic
centimeter stoppered flask: the Hask placed in cold water
and shaken. To this cooled solution 25 cubic centimeters of
absolute alcohol saturated with dry hydrochloric acid is
added. The flask is shaken occasionally and the action
allowed to costinue for twenty minutes, then 10 grams of
dry granular sinc chloride are added, the flask shaken and
again allowed to stand for twenty minutes. The contents
of the flask arc then poured into 200 cubic centimeters of
water in a 500 cubic centimeter beaker and the flask rinsed
out with alcohols A small strip of zinc is placed in
the beaker and the alcohol evaporated. Jhe beaker is
then cooled and transicrred to a separatory funnel, wash-
ing out the heaker with 50 cubic centimeters of gasoline
(boiling below 80 degrces C.) and extracting by shaking
@he funnel well. Draw off the acid solution after allowing
to separate and washe the gasoline with water until free
from hydrochloric acid. Draw off the gasoline solution
and evaporate the gasoline. Dissolve the residue in
neutral alcvhol and titrate with standard alkali using
phenolphthalein as an indicator. One cubic centimeter of
normal alkali equals 0.346 grams of rosin. The rosin may
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be gravimetrically determined by washing the gasoline ex-
tract with water, it not heing necessary to wash absolutely
free from acid, then adding 0.5 gram of potassium
hydroxide and 5 cubic centimeters of aleohol in 50 cubic
centimeters of water.  Upon shaking the resin acids are
rapidly saponitied and extracted by the dilute alkaline solu-
tion as rosin soaps, while the ethyl esters remain in solution
in the gasoline. Draw off the soap solution, wash the
gasoline solution again with dilnte alkali and unite the
alkaline solutions, Decompose the alkaline soap solution with
an excess of hydrochloric acid and weigh the 1esin acidy
liherated as in the determination of total fatty acids.

According to Lewkowitseh, the results obtained by the
volumetric method which assumes a combining weight of
346 for resin acids, are very likely to be high. On the
other hand those obtained by the gravimetric method are
too low.

Leiste and Stiepel' have devised a simplet method for
the determinition of rosin. They make use of the fact
that the resin acids as sodm seaps are soluble in acetone
amd particularly acetone containing two per cent. water,
while the fatty acid soaps are soluble in this solvent to
the extent of only about 2 per cent. Yirst of all it i
negessary 1o sh®w that the sample to he analyzed contains
a mixture of resin and fatty acids. This may he done
by the Lichermann-Siorch reaction already  deseribed.
Glycerine interferes with the method. Two grams of fattya
acids or 3 grams of soap are weighed in a nickel crucible
and dissolved in 15-20 cubic centimelers of aleohol. “The
solution is then ucutralized with alecholic sodium hydroside,
using phenolphthalein as an indicator. The mass is con-
centrated by heat over an asbestos plate until a slight film

1 Seifensieder Ztg. (1913) No. 46.
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torms over it. Then about 10 grams of sharp, granular,
ignited sand arce stirred in by means of a spatula, the
alcohol further evaporated, the mixture being constantly
stifred and then thoruughly dried in a drying oven, The
solvent for the cooled mass is acetone contaiming 2 per
cent, water, It is abtained from acetone dried by ignited
sodinm sulfate and adding 2 per cent. water by volume.
One hundred cubic cenmtimeters of this solvent are sufficient
for extracting the above, ‘[he extraction of the rosin soap
is’ conducted by adding 10 cubic centimeters of acctone
eight times, rubbing the mase thoroughly with a spatula
and decanting.  The decanted portions are combined in a
heaker and the suspended fatty soaps allowed to separate.
‘The mixture is then nltered nto a previously weighed
flask and washed several times with the acetone remaining.
The sulutiun i rosin soap should show no separation of
solid matter after having vaporated to half the volume
and allowing w cool. 1§ a separation should occur another
filtration and the slightest possible washing is necessary.
Tq complete the analysis, the Lacetone is completely evap-
orated and the mass dried 10 constant weight in a drying
oven,  The weight found gives the weight of the rosin
soap  In conductmyr the determination, it is important to
dry the mizture of soap and sand thorougldy. [n dealing
with potash soaps it is necessary to sepurate the fatty
acids from these amd use them as acetone dissolves too
great a quantity of a potash soap.

dUTAL ALKALL

In the filtrate remaining after having washed the fatty
acids in the determination of total fatty and resin acids
all the alkali present as soap, as carbonate and as hydroxide
remains in solution as sulfate. Upon titrating this solu-
tion with half normal alkali the difference between the
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hall normal acid used in decomposing the soap and alkali
used in titrating the excess of acid gives the amount of
total alkali in the soap. By deducting the amount of free
alkali present as carbonate or hydroxide previously fouthd
the amount of combined alkali in the soap may be
calculated. '

To quickly determine total alkali in scap a weighed
portion of the soap may be ignited to a white ash and the
ash titrated for alkalinity using methyl orange as an in-
dicator. :

UNSAPONIFIED MATTER,

Dissalve 5 grams of soap in 50 cubic centimcters of 50
per cent. alcohol.  Should any free fatty acids be present
ncutralize them with standurd alkali.  \ash into a separa-
tory funuel with 30 per cent. alcohnl and eextract with
100 cubic centimeters gf gasoline, boiling at S0 degrees to
G0 degrees C. Wash thé gasoline with water, draw off the
watery layer. Run the gasoline into a weighld dish, evap-
crate the alcohol, dry and weigh the residue as unsaponi-
fied matter, The residue contains any hydrocarbon oils
or fats not converted into soap.

SILICA AND SILICATES. ¢

The insoluble silicates, sand, cte, are present in the
igmhited residue in the determination of insluble matter.
Sodium silicate, extensively used as a tiller, however, will
only show itscll in forming a pasty lignid. Where it is
desired to determine sodium silicate, 10 grams of soap are
ashed by ignition, hydrochloric acideadded to the ash in
excess and evaporated to dryness. More hydrochloric acid
is then added and the mass is again cvaporated until dry;
then cooled; moistened with hydrochloric acid; dissolved
in water; filtered; washed; the fiftrate evaporated to dry-
ness and again taken up with hydrochloric acid and water;

148



ANALYTICAL METHODS

filtered and washed. The precipitates are then combined
and ignited. Silicon dioxide (5i0,) is thus formed, which
can be calculated to sodium silicate (Na,Si,0s). Should
other metals than alkali metals be suspected prescnt the
filtrate from the silica determinations should be examined.

GLYCERINE IN SOAP.

To determine the amount of glycerine contained in soap
dissolve 25 grams in hot water, add a slight excess of
sulfuric acid and keep hot until the fatty acids form as a
clear layer on top. Cool the mass and remove the fatty
acids. Filter the acid solution into a 25 cubic centimeter
graduated flask; bring to the mark with water and de-
termine the glycerine by the bichromate method as de-
scribed under glycerine analysis.

When suga? is present the hichromate would be reduced
by the sugar, henee this method isgpot applicable. In this
case remove e fatty acids as before, neutralize an aliguot
portion with milk of lime, cvaporate to 10 cubic centi-
meters, add 2 grams of sand and milk of lime containing
abbut 2 grams of calcium hydroxide and evaporate almost
to dryness. Treat the moist residue with 5 cubic centi-
meters of 96 per gent. alcohol, rub the whole mass into a
paste, then constantly stirring, heat on a water bath and
decant into a 250 cubic centimeter graduated flask, Re-
peat the washing with 3 cubic centimeters of alcohol five
or six times, each time pouring the washings into the
flask; cool the flatk to room temperature and fill to the
mark with 96 per ceng aleohol, agitate the flask until well
mixed and filter through a dry filter paper. Take 200 cubic
centimeters of the filtrate and evaporate to a syrupy con-
sistency over a safety water hath. Wash the liquor into
a stoppered flask with 20 cubic centimeters of absolute
aleohol, add 30 cubic centimeters of absolute ether 10
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cubic centimeters at a time, shaking well after each addi-
tion and let stand until clear. Pour off the solution
through a filter into a weighed dish and wash out the
flask with a mixture of threc parts absolute ether and two
parts absolute alcohol. Evaporate to a syrup, dry for one
hour at the temperaturc of boiling water, weigh, ignite
and weigh again. The loss is glycerine. This multiplied
by 5/4 gives the total loss for the aliquot portion taken.
The glycerine may also be determined by the acetin or
bichromate methods after driving off the alcohol and ether
if so desired.
SUGAR IN SOAP,

To determinc sugar in soap, usually present in trans-
parent soaps. decompose a soap solution of 5 grams of
soap dissolved in 100 cubic centimcters of hnt water with
an excess of hydrachloric acid and separate the fatty acids
as usual. Filter the acid solution into a graduated flask
and make up to the mark. Take an aliuot containing
approximately 1 per cent. of reducing sugar and determine
the amount of sugar by the Soxhlet method.’

GLYCERINE ANALYESIS,

The methods of analyzing glycerinet varied so greatly
due 'to the faet that glvcerine contained impurities which
acted so much like glycerine as to introduce scrious errors
in the determinations of crude glyeerine.  This 1ad to the
appointment of committees in the United States and
Furope to investigate the methods of glycerine analysis
An international committee met affer their investigations
and decided the acetin methad should comtrol the buying
and selling of glycerine, but the more convenient
bichromate method in a standardized form might be used

1 Bull 107, Bur. Chem. 17, S. Dept. Agricultnre,
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in factory control and other technical purposes. The
following are the methods of analysis and sampling as
suggested by the international committee :

SAMPLING,

The most satisfactory method available for sampling
crude glycerine liable to contain suspended matter, or
which is liable to deposit salt on settling, is to have the
glycerine sampled by a mutually approved sampler as soon
as possible after it is filled into drums, but in any case be-
fore any separation of salt bas taken place. In such cases
he shall sample with a scctional sampler (see appendix)
then scal the drums, brand them with a number for
identification, and keep a record of the brand number.
The presence of auy visible salt or other suspended mat-
ter is to he neted by the sampler, and a report of the same
made in his certificate, together with the temperature of
the glycerine. Tach drum must be sampled.  Glycerine
which has deBosited salt or other solid matter cannot he
accurately sampled from the drums, but an approximate
sample can be obtained by means of the sectional sampler,
which will allow a complete vertical section of the glycerine
to be taken inclull.ing any depuosit.

ANATY SIS,

L Determination of Free Canstic Alkali—Put 20 grams
of the sample into a 100 cc. flask, dilute with approx-
imately 50 cc. of freshly boiled distilied water, add an
excess of neutral barium chloride solution, 1 cc. of
phenolphthalein solutin, muke up to the mark and mix.
Allow the precipitate to settle, draw ol 50 cc. of the clear
liquid and titrate with normal acid (N/1). Calculate the
percentage of Na,O existing as caustic alkali.

2. Determination of Ash and Total Alkalinity.—Weigh
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2 to 5 grams of the sample in a platinum dish, burn off the
glycerine over a luminous Argand burner or other source
of heat,! giving a low temperature, to avoid volatilization
and the formation of sulphides. When the mass is charzed
to the point that water will not be colored by soluble or-
ganic matter, lixiviate with hot distilled water, filter, wash
and ignite the residue in the platinum dish. Return the
filtrate and washings to the dish, evaporate the water, and
carefully ignite without fusion. Weigh the ash.

Dissolve the ash in distilled water and titrate total al-
kalinity, using as indicalor methyl oranze cold or litmus
boiling.

3. Determination of Alkali Present as Carbonate~Take
10 grams of the sample, dilute with 50 cc. distilled water,
add sufficient N/1 acid to neutralize ti:e total alkali found
at (2), boil under a reflux condeuser for 15 to 20 minutes,
wash down the condenser tube with distilled water, free
from carbon dioxide, and then titrate bpck with N/1
NaOH, using phenolphthalein as indicator.  Calculate the
percentage of Na . Deduct the Na.O found in (). The
difference is the percentage of Naf) existing as carbonite,

4. Alkali Combined with Organic Acids—The sum of
the percentages of Na.O found at (1),and (3) deducted
from the percentage found at (2) i~ a measure of the
N4,0 or other alkali combined with orgzanic acids.

5. Determination of Acidity—Tuake 10 grams of the
sample, dilute with 50 cc. distilled water free from carbon
dioxide, and titrate with N/1 NaOH and phenolphthalein.
Express in terms of Na,() required to neutralize 100 grams.

6. Detcrmination of Total Residue at 160° C.—~For this
determination the crude glycerine should be slightly alka-
line with Na,CO, not exceeding 0.2 per cent. Na.O, in

1 Carbon is readily burned off compfetely, without loss of chlor-
ides, in a lu-h‘ux muffle furnace adjusted to a dull red heat.
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order to prevent loss of organic acids. To avoid the for-
mation of polyglycerols this alkalinity must not be ex-
ceeded.

Ten grams of the sample are put into a 100 cc. flask,
dileted with water and the calculated quantity of N/1
HCI or Na,CO; added to give the required degree of
alkalinity. The flask is filled to 100 cc., the contents
mixed, and 10 cc. measured into a weighed Petrie or
similar dish 2.5 in. in diameter and 0.5 in. deep, which
should have a flat bottom. In the case of crude glycerine
abnormally high in organic residuc a smaller amount
should he taken, so that the weight of the organic residue
does not materially exceed 30 to 40 milligrams,

The dish is placed on a water bath (the top of the 160°
oven acts equally well) until most of the water has evap-
orated. From this point the evaporation is effected in
the oven. Satisfactory results are obtained in an oven’
measuring 12 ins, cube, having an iron plate 0.75 in. thick
lying on the bottom to distribute the heat. Strips of ab-
bestos millhoard are placed on a shelf half way up the
oven. On these strips the dish containing the glycerine
is Placed.

1f the temperature of the oven has been adjusted to
160° C. with the ;door closed, a temperature of 130° to
140° can be readily maintained with the door partially
open, and the glycerine, or most of it, siould be evap-
orated off at this temperature. When ogly a slight
vapor is seen to come off, the dish is removed and allowed
to cool.

An addition of 0.5 éo 1.0 cc. of water is made, and by

. 1An electric oven suitable for this work, which is readily ad-
justed to 160 degs. C., has been made for Mr. Low and_the chair-
man, by the Apparatus and Specialty Company, Lansing, Mich.
Its size is 934 x 10 x 16 inches, and capacity 8 Petrie dishes. It
gives a strong draft at constant temperature.
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a rotary motion the residue brought wholly or ncarly
into solution. The dish is then allowed to remain on a
water bath or top of the oven until the excess water has
evaporated and the residue is in such a condition that
on returning to the oven at 160° C. it will not spurt. The
time taken up to this point cannot be given definitely, nor
is it important. Usually two or three hours are required.
From this point, however, the schedule of time must be
strictly adhered to. The dish is allowed to remain in
the oven, the temperature of which is carefully main-
tained at 160° C. for one hour, when it is removed,
cooled, the residue treated with water, and the water
evaporated as before. The residue is then subjected to
a second baking of one hour, after which the dish is
allowed to cool in a desiccator over sulphuric acid and
weighed. The treatment with water, etc, is repeated
until a constant loss of 1 to 1.5 mg. per hour is obtained.

In the casc of acid glycerine a correction must he
made for the alkali added 1 cc. A/1 alkali represents an
addition of 0.03 gram, In the case of alkaline crudes a
correction should be made for the acid added. Deduct
the increase in weight due to the c.ouwrsion of the
NaOH and Na.CO. to NaCl. The corrected weight’
myltiplied by*100 gives the percentage of total residue
at 160° C.

This residuc 15 taken for the determination of the
non-volatile acetylizable impuritics (see acetin method).

7. Organic residuc.—Subtract the ash from the total
residue at 160° C. Report as organic residue at 160" C.
(it should be noted that alkaline salts of fatty acids are
converted to carbunates on ignition and that the CO,
thus derived is not includedy in the organic residue).
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ACETIN PROCESS FOR THE DETERMINATION OF GLYCEROL,

This process is the one agreed upon at a conference of
delegates from the British, French, German and American

o .
committees, and has been confirmed by cach of the above
committees as piving results nearer to the truth than the
bichromate method on crudes in general. Tt is the process
to be used (if applicable) whenever only one method is
employed. On pure glycerines the results are identical
with those obtained by the bichromate process. For the
application of this method the crude glycerine should not
contain over 60 per ceut. water.,

REAGENTS REQUIRED,

(AY Best Acetic . Inhydride—~This should be carefully
selected. A pood sample must not require more than 0.1
cc. normal NaOH for saponihcation of the impurities when
a blank is run on 7.5 cc. Only a slight color should de-
velop during digestion of the blank.

The anhydride may be tested for strength by the fol-
lowing method: Into a weighed stoppered vessel, con-
taihing 10 to 20 cc. of water, run about 2 cc. of the anhy-
dride. replace the stopper and weigh. Let stand with oc-
cassional shaking,for several hours, to permit the hydro-
lysis of aill the anhydride; then dilute to ahout 200 cc., add
phenolphthalein and titrate with N/1 NaOl. This gives
the total acidity due to free acetic acid andeacid formed
from the anhydride. It is worthy of note that in the
presence of much frec anhydride a compound is formed
with phenolphthalein, ¢oluble in alkali and acetic acid. but
insoluble in neutral solutions. If a turbidity is noticed
toward the end of the neutralization it is an indication that
the anhydride is incompletely hydrolyzed and inasmuch as
the indicator is withdrawn from the solution, results inay
be incorrect.
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Into a stoppered weighing bottle containing a knowd
weight of recently distilled aniline (from 10 to 20 cc.)
measure about 2 cc. of the sample, stopper, mix, cool and
weigh. Wash the contents into about 200 cc. of cold water,
and titrate the acidity as before. This yields the acidity
due to the original, preformed, acetic acid plus one-half
the acid due to anhydride (the other half having formed
acctanilide) ; subtract the second result from the first
(both calculated to 100 grams) and double the result, ob-
taining the cc. N/1 NaOIl per 100 grams of the sample.
1 cc. N/NaOH equals 0.0510 anhydride.

(B) Pure Iused Sodium .lcctaie~The purchased salt
is again completely fused in a platinum, silica or nickel
dish, avoiding charring, powderced quickly and kept in a
stoppered bottle or desiccator. It is most important that
the sodium acetate be anhydrous. .

(C) A Solution of Cuustic Soda for Newlralising, of
about N/1 Strength, Free from Carbonute~This can be
readily made by dissolving pure sodium h)"droxide in its
own weight of water (préferably water frce from carbon
dioxide) and allowing to settle until clear, or filtering
through an asbestos or paper filter. The clear solution is
diluted with water free from carbon dio:gidc to the strength
required. :

¢D) N/1 Caustic Soda Frce from Carbonate—Pre-
pared as abgve and carefully standardized. Some caustic
soda solutions show a marked diminution in strength after
being boiled ; such solutions should be rejected.

(E) N/1 Acid~Carefully standagdized.

(F) Phenolphthalein Solution~—0.5 per cent. phenol-
phthalein in alcohol and neutralized.

THE METHOD,
In a narrow-mouthed flk (preferably round-bot-
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tomed), capacity about 120 cc., which has been thoroughly
cleaned and dried, weigh accurately and as rapidly as pos-
sible 1.25 to 1.5 grams of the glycerine. A Grethan or
Lilnge pipette will be found convenient. Add about 3
grams of the anhydrous sodium acetate, then 7.5 cc. of the
acetic anhydride, and connect the flask with an upright
Licbig condenser. For convenience the inner tube of this
condenser should not be over 50 cm. long and 9 to 10 mm.
inside diameter. The flask is connected to the condenser
by either a ground glass joint (preferably) or a rubber
stupper. If a rubber stopper is used it should have had a
preliminary treatment with hot acetic anhydride vapor,

Ileat the contents and keep just boiling for one hour,
taking precautions to prevent the salts drying on the sides
of the flask.

Allow the flask to cool somewhat, and through the con-
denser tube add 50 cc. of distilled water free from carbon
dioxide at a tumperature of about 80° C, taking care that
the flask is not loosened from the condenser. The object
of cooling is to avoid any sudden rush of vapors from the
flask on adding water, and to avoid breaking the flask.
Time is saved by adding the water before the contents of
the flask solidify, Wut the contents may be allowed 1o solid-
ify and the test proceeded with the next day, without detri-
ment, bearing in mind that the anhydride in excess is miich
more effectively hydrolyzed in hot than in col® water. The
contents of the flask may be warmed to, but must not ex-
ceed, 80° C., until the solution is complete, except a few
dark flocks representthg organic impurities in the crude.
By giving the flask a rotary motion, solution is more
quickly effected.

Cool the flask and contents without loosening from the
condenser. When quite cold wash down the inside of the
condenser tube, detach the flask, wash off the stopper or
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ground glass connection into the flask, and filter the contents
through an acid-washed filter into a Jena glass flask of
about 1 litre capacity. Wash thoroughly with cold distilled
water free from carhon dioxide, Add 2 cc. of phen6l-
phthalein solution (/7), theu run in caustic soda solution
(C) or (D) umiil a faint pinkish yellow color appears
throughout the solution.  This neutralization must he done
most carefully; the alkali should be run down the sides of
the flask, the contents of which are kept rapidly swirling
with occasional agitation or change of motion untit the
solution is nearly neutralized, as indicated by the slower
disappearance of the color developed locally by the alkali
running into the mixture. When this point is reached
the sides of the flask are washed down with carhon
dioxide-frec water and the alkali subscquently added drop
by drop. mixing after cach drop until thé desired tint
is obtained.

Now run in from a hurette 5t cc. or a calculated excess
of N/1 NaOH (D) and note carcfully the exact amount.
Boil gently for 15 minutes, the flask being titted with a
glass tube acting as a partial condenser. Cool as quickly
as possible and titrate the excess of NaOl with N/1 acid
(E) uontil the pinkich yellow or chosan end-point color |
just remains’ (A further addition of the indicator at this
polit will cause an increase of the pink color; this must
be neglectedfand the nrst end-point tuken.

From the N/1 NaOH consumed calculate the percentage
of glycerol (including acetylizable impurities) after mak-
ing the correction for the blank testtdescribed below.

1 cc. N/1 NaOH = 0.03069 gram glycerol.

The coefficient of expansion for normal solutions is

. 1A precipitate at this point is an indication of the picsence of
iron or alumina, and high resulte will be obtained unless a cor-
rection is made as described helow.
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0.00033 per cc. for cach degree centigrade, A correction
should be made on this account if necessary.

Blank Test—As the acetic anhydride and sodium acetate
may contain impurities which affect the result, it is neces-
sary to make a Dlank test, using the same quantities of
acetic anhydride, sodium acetate and water as in the analy-
sis. It is not necessary to filter {he solution of the melt
in this case, but sufficient time must be allowed for the
hydrolysis of the anhydride before proceeding with the
neutralization. After neutralization it is not necessary to
add more than 10 cc. of the N/1 alkali (17), as this repre-
sents the excess usnally present after the saponitication
of the average soap he crude. Tn determining the acid
equivalent of the N/1 NaOIl, honcver, the entire amount
taken in the rnalysis, 50 cc., should be titrated after dilu-
tion with 300 cc. water free from carbon dioxide and with-
ont hoiling.

Determination of the Glyeerol Value of the Acelylizable
Tmpuritics- The total residue at 160° C. is dissolved in
1 ar 2 ce. o water, washed into the acetylizing flask and
evaporated to dryness. Then add anhydrous sodium ace-
tate and acetic anhydride in the usual amounts and proceed
as deseriled in th® regular analysis  After correcting for
the blank, calculate the result to glycerol. »

WAYS OF CATCULATING ACTUAL GLYCEROI TONTENT.

(1) Determine the apparent percentage of glycerol in
the sample by the acetin process as described. The result
will include acetylizalle impurities if any are present.

(2) Determine the total residue at 160° C.

(3) Determine the acctin value of the residue at (2)
in terms of glycerol.

(4) Deduct the result found at (3) from the percent-
age obtained at (1) and report this corrected figure as

159



SOAP-MAKING MANUAL

glycerol. Tf volatile acetylizable impuritics are present
these are included in this figure.

Trimethylenglycol is more volatile than glycerine and
can therefore be concentrated by fractional distillation. An
approximation to the guantity can bhe obtained from the
spread betwceen the acetin and bichromate results on such
distillates, The spread multiplied by 1.736 will give the
glycol.

BICHROMATE PROCESS UK GLYCEROL DITFKMINATION.  Rh-
AGENTS KEQUIRER,

(A4) Pure potassium bichromate powdered and dried
in air free from dust or organic vapors, at 110° to 120" C.
This is taken as the standard.

(B) Dilute Bichromate Solution.—7.4564 «grams of the
above bichromate are dissolved in distilled water and the
solution made up to onc liter at 15.5° C.

(C) Ferrous Ammonium Sulphate—It ‘iv never safe
to assume this salt to be constant in compusition and it
must be standardized against the bichromate as follows:
dissolve 3.7282 grams of bichromate (.1) in 50 cc. of water.
Add 50 cc. of 50 per cent. sulphuric acid (by volume), and
to the cold undiluted solution add from’a weighing bottle’
a moderate exéess of the ferrous ammonium sulphate, and
titrate back ,with the dilute bichromate (). Caleulate
the value of the ferrous salt in terms of bichromate.

(D) Silver Carbonate—~This is prepared as required
for each test from 140 cc. of 0.5 pef cent. silver sulphate
sulution by precipitation, with about 49 cc. N/1 sodium
carbonate solution (a little less than the caleulated quan-
tity of N/1 sodium carbonate should be used as an excess
to prevent rapid settling). Settle, decant and wash one by
decantation.

(E) Swubacctate of lead —Doil a 10 per cent. solution
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of pure lead acetate with an excess of litharge for one
hour, keeping the volume constant, and filter while hot.
Risregard any precipitate which subsequently forms. Pre-
serve out of contact with carbon dioxide.

(F) Potassium Ferricyamide—A very dilute, freshly
prepared solution containing about 0.1 per cent.

THE MFTHOD.

. Weigh 20 grams of the glycerine, dilute to 250 cc. and
take 25 cc. Add the silver carbonate, allow to stand, with
occasional agitation, for about 10 minutes, and add a slight
excess (about 5 ce. in most cases) of the basic lead acetate
(E), allow to stand a few minutes, dilute with distilled
water to 100 ce., and then add (.13 cc. to compensate for
the volume of the precipitate, mix thoroughly, filter through
an air-dry filter into a suitable narrow-mouthed vessel, re-
jecting the first 10 cc., and return the filtrate if not clear
and bright. Test a portion of the filtrate with a iittle
basic lead acetate, which should produce no furthes pre-
cipitate (in the great majority of cases 5 cc. arc ample,
hut accasionally a crude will be found requiring more, and
in this case another aliquot of 25 cc. of the dilute glycerine
should he taken ahd purified with 6 cc. of the basic acetate).
Care must be faken to avoid a marked *excess of Rasic
acctate. .

Measure off 25 cc. of the clear filtrate into a flask or
beaker (previously cleaned with potassium bichromate and
sulphuric acid). Ad_d 12 drops of sulphuric acid (1 : 4)
to precipitate the small excess of lead as sulphate. Add
3.7282 grams of the powdered potassium bichromate (A4).
Rinse down the bichromate with 25 cc. of water and let
stand with occasional shaking until all the bichromate is
dissolved (no reduction will take place in the cold).

Now add 50 cc. of 30 per cent. sulphuric acid (by vol-
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ume) and immerse the vessel in boiling water for two
hours and keep protected from dust and organic vapors,
such as alcohol, till the titration is completed. Add from
a weighing bottle a slight excess of the ferrous ammonium
sulphate (C), making spot tests on a porcelain plate with
the potassium ferricyanide (F). Titrate back with the
dilute bichromate. From the amount of bichromate re-
duced calculate the percentage of glycerol.

1 gram glycerol — 7.4564 grams bichromate.

1 gram bichiromate - - 0.13411 gram glycerol.

The percentage of glycerol obtained above includes any
oxidizable impurities present after the purification. A cor-
rection for the non-volatile impuritics may be made by
running a bichromate test on the residue at 160° C.

NOTES.

(1) Tt is important that the concentratiop of acid in
the oxidation mixture and the time of oxidation should
be strictly adhered to.

(2) Before the bichromate is adided to the glycerife
solution it is essential that the slight excess of lead be pre-
cipitated with sulphuric acid, as stipulated.

(3) For crudes practically free from chlorides the
quantity of silvdr carbonate may be reduced to one-fifth
and the basic Jead acctate 10 0.5 cc.

(4) It is sometimes advisable to add a little potassium
sulphate to insure a clear filtrate.

SAMPLING CRUDE GLYCERINE.

The usual mcthod of sampling crude glycerine hitherto
has heen by means of a glass tube, which is slowly lowered
into the drum with the object #f taking as nearly as pos-
sible a vertical section of the glycerine contained in the
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drum. This method has been found unsatisfactory, owing
to the fact that in cold climates glycerine runs into the
tube very slowly, so that, owing to the time occupied, it is
impossible to take a complete section of the crude. An-
other objection to the glass tube is that it fails to take
anything approaching a correct proportion of any settled
salt contained in the drum.

The sampler which is illustrated herewith has been de-
vised with the object of overcoming the objections to the
pdass tube as far as possible. It consists of two brass tubes,
one fitting closely inside the other. A number of ports
are cut out in cach tube in such a way that when the ports
are opened a continuous slot is formed which enables a
complete section to Le taken throughout the entire length |
of the drum. By this arrangement the glycerine fills into
the sumpler @Imost instantancously. ‘There are a number
of ports wut at the hottom of the sampler which render it
possible to talge a proportion of the salt at the bottom of
the drum. The instrument is so constructed that 21l the
ports, including the hotom ones, can be closed simulta-
nedusly by the simple action of turning the handle at the
top; a poiuter is arranged which indicates on a dial when
the sampler is open or closed. In samplers of larger
section (1 in.) it is possible to arrange a third motion
wherchy the bottom ports only are open for emptying, but
in samplers of smaller dimensions (5§ in.) this third mo-
tion must be dispensed with, otherwise the dimensions of
the ports have to be so small that the sampler would not
be efiicient. -

In using the sampler it is introduced into the drum with
the ports closed, and when it has touched the bottom, the
ports are opened for a second or two, then closed and with-
drawn, and the sample discharged into the receiving vessel
by opening the ports. When the drum contains salt which
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has deposited, the ports must be opened before the sampler
is pushed through the salt, thus enabling a portion to be in-
cluded in the sample. It is, however, almost impossible to
obtain a correct proportion of salt after it has settled in
the drum and it is therefore recommended that the drum
be sampled before any salt has deposited. A sampler 1 in.
in diameter withdraws approximately 10 oz. from a 110-
gal. drum. A sampler §§ in. in diameter will withdraw
about 5 oz.
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CHAPTER VII

Standard Methods for the Sampling and Analysis of
Commercial Fats and Oils'

The following report of the Committce on Analysis of
Commercial Fats and Oils of the Division of Industrial
Chemists and Chemical Ingincers of the American Chemi-
cal Socicty was adopted April 14, 1919, by unanimous vote:

W. D, RicnawosoN, Chairman,
Swift and Co,, Chicago, Il
R. W. Buwury,
Stillwell and  Gladding, New
York City.
W. J. Gascovne,
W, ). Gascoyne and Co., Bal-
timore, Md,

. Karz,* ) .

Wilson and Co., Chicago, 111
A, Lowevstein,® .

Morris and Co., Chicago, 11
H. J. MorrisoNe

J. R, Poweer,
Armeur _ Soap Works,  Chi-
caney, .
R 1. Quiny*
N i[(}:nnd Chemical Co., Argo.

Pact. Rrowick,
Arnmour and Co,, Chicago, Il
1.. M. Tonmax,
Wilson and Co., Chicago, Il
F. Twircneu,*
Fmery Candle Co.,
nati, Ohio,

Cincin-

Proctor  and  Gamble Co., J. |. VOLLERTsEX,
Ivorydale, Ohio. Morris and Co., Chicag), I
*Resigned.

.
Scope, Applicability and Limitations of the Methods.
SCOPE.

These tacthods ®are intended to aid in determining the
commercial valuation of fats and fatty oils in their purchase
and sale, hased on the fundamental assumptign commonly
recagmized in the trade, namely, that the product is true to
name amnd is not adulterated.  For methods for determining
the identity of oils ang fats, the absence of adulterants there-
in and for specific tests used in particular industries, the
chemist is referred to standard works on the analysis of fats
and oils.

! Approved by the Superyvisory Committee on Standard Methods of
Analysis of the American Chemical Society,
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APPLICABILITY,

The methods are applicable in commercial transactions
involving fats and fatty oils nsed in the soap, candle and
tanning industries, to edible fats and oils and to fats afid
fatty oils intended for lohricatimg and burning purposes.
The methods are applicable to the raw oils used in the
varnish and paint industry with the exceptions noted under
limitations, but special methods have not heen included.

LIMITATIONS,

The methods have not heen developed with special refer-
ence 1o wases (beeswax, carnavha wax, wool wax, ete.)
although some of them may be found applicable to these
substances. The Committee cmsiders the Wiis methnd
superior {0 the Hanus method for the determination of
jodine numlier of linseed oil as well as other,oils, although
the Hanus method has been considered standard for this
work for some time and has heen adopted by the American
Society for Testing Materials and in variout specifications,
ft has been customary to use the Ilubl method for the
determination of iodite value of tung oil (China wood qil)
hut the Committec’s work indicates that the Wijs methed
is satisfactory for this determination.

Sampling.
TANK CARS,

1, Samecine Whine 1oanine—Sample shall be taken at
discharge of pipe where it enters tank car dome,  The total
sample taken shall be not less than 50 Ihs. and shall he a
composite of small samples of abous | pound cach, taken
at regular intervals during the entire perind of loading.

The sample thus obained is thoronglly mised and wn
form 3-1b. portions placed i air tielit 3-1h, maal containers.
At least thiee such samples whall be put up, one for the
Luyer, one for the scller, and the third to be sent to a
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referee chemist in case of dispute. All samples are to be
promptly and cerrectly labeled and scaled.

2. SAMPLING FROM CAR oN TrRACK*—(a) When contenis
are solid* 1n this case the samplc is taken by means of
Py large tryer measuring about 2 in. across and ahout 114
times the depth of the car in length. Scveral tryerfuls are
taken vertically and obliqucly toward the ends of the car
until 50 Ihs. are accumulated, when the sample is softened,
mixed and handled as under (1), In case the contents of
the tank car have assumed a very hard condition, as in
Winter weather, so that it is impossible to insert the tryer,
and it hecomes necessary to soften the contents of the car hy
means of the closed steam coil (in nearly all tauk cars the
vlosed steam cuoil leaks) or by means of open steam in order
to draw a proper sample, suitable arrangements must be
made hetweep buyer tnd scller for the sampling of the
car after it is sufficiently softened, due consideration being
given to the possible presence of water in the material in
the car as rc®eived and also to the possible addition of
water during the stecaming. The Committee knows of nn
digect method for sampling a hard-frozen tank car of tallow
m a satisfactory manner.

(b) When contents are lignid, The sample taken is to
he a S0 1h composite made up of vumerems small samples
taken from the top, Dottom and intermediate pointshy
means of a hottle or metal container with remgvable stopper
ar top.  This device attached to a suitahle pnﬁe is lowered
to the various desired depths, when the stopper or top is
removed and the container allowed to fill. The 50 1h. sample
thus ohtained is handfed ac under (1),

2Live steam must not be tuined into tank cars or coils before
<amples are drawn, since there is no certain way of telling when
eails are free from leaks

21f there is water present under the sulid maferial this must be
noted and estimated separatcly.
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1n place of the device described abuve, any sampler capable
of taking a sample from the top, hottom, and center, or
from a scction through car, may be used.

(c) When contents aie in semi-solid condition, or when
slearine has separated from hqud portions. In this case,-a
combination of (a) and (») may be used or by agreement
of the parties the whole may be melted and procedure (b)
followed.

BARRELS, TIERCES, CASKS, DRUMS, AND OTHER PACKAGES.

All packages shall be sampled, unless hy special agreement
the parties arrange to sample a lesser number; but in any
case not less than 10 per cent ot the total number shall be
sampled. The total sample taken shall be at least 20 1bs.
in weight for cach 100 harrcls, or equivalent.

1. BarreLs, TERCES AND Casks— (a) IFhen contents are
solid. The small samples shall be taken by a'tryer through
the bunghole or through a special hole hored in the head or
side for the purpose, with a l-in. or larga- auger. Care
should be taken to avoid and climinate all borings and chips
from the sample. The tryer is inscrted in such a way as to
rcach the head of the barrel, tierce, or cask. The lafge
sample is snftened, mixed and handled according to TANK
cars (1). .

(b) When contents are liguid, In this case use is made
of*a glass tube with constricted lower end. This is in-
serted slowly and allowed to fill with the liquid, when the
upper end is closed and the tube withdrawn, the contents
heing allowed to drain into the sample container. After
the cntire sample is taken it is thoroughly mixed and
haudled according to TANK CARs (1).

(¢c) When contents are semi-solid. In this case the tryer
or a glass tube with larger outlet is used, depending on the
degree of fluidity.
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(d) Very hard malcrials, such as natural and ortificial
stearines. By preference the harrels are stripped and
samples obtained by breaking up contents of at least 10 per
cent of the packages. This procedure is to be followed
atso in the case of cakes shipped in sacks. When shipped
in the form of small picces in sacks they can he sampled by
grab sampling and quartering. In all cases the final pro-
cedure is as outlined under TaNk €\rs (1),

2. Drems—Samples are to he taken as under (1), use
being made of the bunghale. The tryer or tube should be
sufficiently long 1o reach to the ends of the drum.

3. Otner PacrAces— Tubs, pails and other small pack-
ages not mentioned above arc to he sampled hy tryer or tube
(depending on Nuidity) as outlined ahove, the tryer or tube
heing inserted diagonally whenever possible.

4, Mixep LoTs axp Packaces—When lots of tallow or
other fats ar® received in packages of various shapes and
sizes, and especially wherein the fat itself is of variable
composition, «ich must be left to the judgment of the
sampler.  Tf variable, the contents of cach package siould
be mixed as thoroughly as possible and the amount of the
individual samples taken made proportional to the sizes of
the packages.

Analysis.
SAMPLE.

The sample must he representative and at least tiree
pounds in weight and taken in accordance with the stann-
ARD METIIOUS FOR THE SAMUIING OF COMMERCIAT FATS AND
orts, 1 must he kept in an air-tight container, in a dark,
(ool place. *

Soften the sample if necessary by means of a gentle heat,
taking care not to melt it. When sufficiently softened, mix
the sample thoronghly by means of a mechanical egg Deater
or other equally cfiective mechanical mixer.
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MOISTURE AND VOIATHE MATTFK.

Arraratus: Pacuum Oven—The Committee  Standard
Oven,

Descrirrion- -The Standard F. A. C. Vacuum Oven has
heen designed with the idea of affording a simple and cof-
pact vacuum oven which wll give as uniform temperatures
as possible on the shell. A~ the higure shows, it consists of
an iron casting of rectaneuiar sections with hinged front
door made tight by means of a gashet and which can be
Towered on opening the oven sacas to form a shell on which
samples may be rested. The oven contains but one shetf
which is heated from ahove as well as hodow by means of
resistance coils,  Several thermometer holes are provided in
order to ascertain definntly the temperature at different
points on the shedf. Inoa vacuom oven where the heating
i> done almost entirely Ty radiation o is difienit to maintain
uniform temperatures at a' poini~, hat the T A Coven
accomplishes this rather better than mest vaenim ovens,
Larger ovens containing more than onie <heli hane hoen
tried by the Committee, Tt hive heen frannd to e Tacking
in temperature uniformity amnd means of control. The ntire
mven is supported b means of a4 i standard pipe whieh
serews inta the hase of the oven aned which in tura is sup
ported by hoing sevewed ito a hlind Qanze of snitable &
ameter which rests v the oo or work tahile

Woisture Dish—\ <hallow, glass dih, lipped  heaker
formi, appromately 0 1o 7 em o diameter and 4 om. decp,
Jall he standard,

Detrranxanoy -Weigh ont 5 grams (- -0.2 g of the
preparved sample into a maictnre dish Drey to constant
weieht tm acwo af a uniforn tomperature, not less than 1537
(. nor more than 20° C. alwne the boiling point of water at
the working pressure, which must not eseved 100 mm, of

mercuryt Constant weight s attained when successive
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dryings for 1-hr. periods show an additional loss of not
more that 0.05 per cent. Report loss in weight as Mois-
TURE AND VOLATILE MATTER.

The vacuum-oven method cannot be considered accurate
in the case of fats of the coconut oil group containing free
acid and the Committee recommends that it be used only for
oils of this group when they contain less than 1 per cent
free acid. In the case of oils of this group containing more
than 1 per cent frec acid, recourse should he had tempor-
arily to the routine control method for moisture and vola-
tile matter® until the Committee develops a more satisfactory
method.

The air-oven method cannot be considered even approxi-
mately accurate in the tase of the drying and semi-drying
oils and those of the coconut oil group.  Thercfore, in the
case of such oils as cottomseed oil, muize @il Ceorn oil), soy
bean oil. linsewd oil, coconut oil, palin kernel oil, ete.. the
vacuum-oven method should always be wsed. except in the
case of fats of the coconut group containing more than 1
per cent free acid, as noted ahove.

INSOLUBLE IMPURITIES.

Dissolve the residue from the moisture and volatile matter

4 Builing point of water at reduced pressures.

Pressure Boiting Point  Boiling Paint  Boiling Point
Am. lig. to 1° C, 4 15°C. + 20° C.
100 ° £2° () 67° C. 72° C.
90 50, 65 70
O 47 62 67
70 45 0 65
60 42 S7 62
50 3R 53 58
40 14 1 54

5 Results compatable te those of the Standard Method may be ob-
taincd on most fats and oils by drying 5-g. vortions of the sample,
prepared and weiphed ac alove, ¢ consant Weight in o well-com-
wructed and well-ventilated air oven held uniformly at a tempera-
ture of 105° to 110° C. The thermometer bulb shiuld be close to
the sample, The definition of constant weipht is the same as for the
Standard Method.
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determination by hexting 1t on a stcam bath with 50 cc.
of kerosene. Filter the solution through a Gooch crucible
properly prepared with ashestos,” wash the insoluble matter
ftve times with 10-cc. portions of hot kerosene, and finally
wash the residual kerosene out thoroughly with petroleum
ether. Dry the crucible and contents to constant weight, as
in the determination of moisture and volatile matter and
report results as INSOLUBLE IMPURITIES.
SOLUBLE MINFERAL MATTER.

Place the combined kerosene filtrate and kerosene wash-
ings from the insoluble inmurities determination in a plat-
inum dish.  lace in this an ashless filter paper folded in the
form of a cone, apex up.  Light the apex of the cone, where-
upon the hulk of the kerosene burns quietly.  Ash the resi-
duc in a muffle, to constant weight, taking care that the
decompositioft of alkaline carth carbonates is complete, and
report the result as SOLUBLE MINERAL MATTER" When the
percentage of soluble mineral matter amounts to myre than
0.1 per cent, multiply the percentage by 10 and add this
amount to the percentage of free fatty acids as determined.?

8The followine method s suggested by the Committee for routine
control work: Weigh cut 5 to 25 g. portions of prepared sample into
a glass or alummnm (Contion: Aluminum soap may be formed)
llcsﬁ\er or cassercle end heat on a heavy ashestos board over burner
or hot plate, taking care that the temperature of the sample does
not go above 130° C. at any time. During the heating rotate the
vessel cently on the bhuard by hnd to avoid sputtering or too, hpl.d
evolution of moisture.  The proper length of tima of heating is
judged by absence of rising bubbles of steam, by the ahsence of foam
or by other signs known to the operator,  Avoid overheating of sam-
ple as indicated hy smuking or darkening. Cool in desiccator and
weigh,

“'vi co-operative work gnseveral lahorateries, the Committee has
demonstrated that this method can he used and satisfactory results
obtained on coconut oil even when a rqmndernhle percentage qf free
fatty acids_is present, and the method is recommended for this pur-
wse.  Unfortunately on geceunt of the very great personal factor
invilved, the C ittee cannot establish this hod as a preferred
method.  Nevertheless, after an operator has learned the technique
of the method, it gives perfectly satisfactory results for ardinary
oila aud fats, butter, cleomargarine and coconut oil, and deserves
more 1erognition than it has heretofore reccived.
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FREE FATTY ACIDS,

The arconon™ used shall be approximately 95 per cent
ety ] aleohol, freshly distilled from sodium by droxide, whick
with phenoiphthalem gives a detite and distinet end-point.

Drsersinvion Wegh 1o 13 g of the prepared sample
wto an elenineyer dash, using the smailer guantity in the
case of dark colorad, nigh acid s Nebd 30 10 100 ¢ b,
newral aleohol, and titrate with A /20 N4 or N/10 sodium
iydronide depeading on the tatty acid contonug, using phenol »
phtllem g~ imdieator. Caienlace 1o olie awond, exeept that i
the case o padm ol the tesalts may also fe exprosse ) m
terms of palmatic acd, clearly indivatiog the Geo methods of
caleulation i e report. In the case of coconut ang paim
hernel oils, calerlate to and report m tetms of aurie acnd
in addition o olvic acid, clemly indicating the 4wo nuttnuls
of caiculation in the report.” In the case of Tats o1 groases
containing more than 0.1 per eont of soluble wneral metter,
add to the percentages of free faty acids as determined
10 times the percentase of hases o the soluble mmeral
matter as detaunned This addition gives the cqunalém
of fatty acids combine:d withe the soluble muieral matter.,

Tlor routme coutned vk, fler paper s S$mctires mote con
rewent than the progaead Gordi craable, boe oo e very caic
fullye washal, especally aronnd the i, e romese e last tia
at.

B Fur r«»uhv:l'.\uvll-, an wob iy be ton on the orgenal fat, and g
solubile nnneral wanta obtamed by deducting e ach ou the mseln
bl impmrites from thie, I dins case the Gooch vrmorde shoald e
prepare:dl wull an wmned ashestes mat o thud the mpuiges mo
be asied direetly atter hong wendnd Bnzd] vasecs ncion sheukd b
to constant weight so s o Lasure o decomposition o
bunates.

¥ See note on Soluble Mineral Matter follwing these metheds
When the ash o mtams phesphates the, factiar 11 canmt e apphed,
but the bases conmisting of caleium exide, cte,, must he detormmned,
and the facter 10 apphied to thom,

1 For routine work methyl or denatured ethyl aleohol of approai-
matddy Y5 per cunt strength may be used.  With these reagents the
end pomt 15 net sharp. 6
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TLLEK.

STaNpakn Turksomerer-—The thermometer is graduated
st zero amd in tenth degrees from 10° C to 65° C,, with one
auniliary reservoir at the upper end and another between the
sevos mark and the 10 mark. The cavity in the capillary
tubie between the vsero mark and the 107 wark is at least 1
et belon the 10° mark, the 10 mark s about 3 or 4 cm.
above the bulh, the Tength of the thermometer heing about
A7 emeover all The thormometer has been annealed for 75
B ar 4307 Coand the bt is of Jena normal 16" glass, or
s cpmvadant, moderately thing so that the thermometer will
be gk aeting, The Lallb i about 3 e, long and 6 mm. in
aivitetar. The stomr of the thetmometer is 6 nun. in diam-
cter atdd mde of the best thermometer tubing, with scale
ctehed on Ihx stum, tie praduation is clear-cut and distinet,
hut quite tne. The thermomeler mnst be certified hy the
LS Burcau of SMandards,

Covairar Cacsnie Sorenox--Iissolve 250 g, potassium
Dvdroside i 1900 ce. dynamite glyeerin with the aid of
ittt

Do Heat 75 ceo of the glyeerol-caustic solu-
tion to 1A O aud add 30 g, of the melted fat.  Stir the
it well and continue heating until the melt is homo-
geneats, af o time allowing the temperature to cxcecd.ISl)"
C AL o Gk somewhat and careinlly gdd S0 ee. 30
per ecnt sl acid. Now add hot water and heat until
the fatiy acids separate out periectly clear, Draw off the
acid water and wash the fatty acids with hot water until free
from mineral acid, then filter and heat to 130° C. as rapidly
as possible while stirring.  Transfer the fatty acids, when
coaled somewhat, to a 1in, hy J-in. titer tube, placed in a
=07, salt mouth bottle of clear glass, fitted with a cork
that is perforated so as to hold the tube rigidly when in
position,  Suspend tie titer thermometer so that it can he
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used as a stirrer and stir the fatty acids slowly (about 100
revolutions per minute) wtil the mercury remains station-
ary for 30 scconds. Allow the thermometer to hang quietly
with the bulb iu the ceuter of the tube and report the
highest point to which the mercury rises as the titer of the
fatty acids. The titer should he made at about 20° C. [or all
fats having a titer above 30° C. and at 10° C. below the
titer for all other fats. Any convenient means may be used
for obtaining a temperature of 10° below the titer of the
various fats. The committee recommends first of all a chill’
room for this purpose: second, an artificially chilled small
chamber with glass window; third, immersion of the salt-
mouth bottle in water or other liquid of the desired tem-
perature.
UNSAPONIFIARLE, MATTFR.

Fxtraction  Cyrnixner--The  eylinder shall he glass-
stoppered, graduated at H) cc., 80 ce. amd J30 cc.. and of the
following dimensions: diameter about 155 in., height abont
12 in.

Prrrorrom Erner—Redistilled  petroleum ether, boiling
under 75* (., shall he used. A Dblank must he made hy
cvaporating 230 ce. with ahout 0.25 g. of stearine or other
bard fat (previously brought to constant weight by heating)
and drying as in the actual determivation.  The blank must
not &xceed a few milligrams, :

DeterMinaTion—Weigh § g (2020 2.} of the prepared
sample into a 200-cc. Erlenmeyer flask, add 30 ce. of re-
distilled 95 per cent (approximately) ethyl alcohol and 5 ce.
of 50 per cent aqueous potassiven hydroxide, and il tae
mixture for one hour under a reflux condenser.  Transfer
to the extraction cylinder and wash to the 40-cc. mark with
redistilled 95 per cent ethyl aleohol.  Complete the transfer,
first with warm, then with cold water, till the total volume
amounts to R0 ce. Conl the cylinder and contents to room
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temperature and add 50 cc. of petroleum ether, Shake
vigorously for one minute and allow to settle until both
layers are clear, when the volume of the upper layer should
Pe about 40 cc. Draw off the petroleum cther layer as
clusely as possible by means of a slender glass siphon into a
separatory funnel of 500 cc. capacity. Repeat extraction at
least four more times, using 50 cc. of petroleum ether each
time. More extractions than five are necessary where the
unsaponifiable matter runs high, say over 5 per cent, and
wlso in some cases where it is lower than 5 per cent, but
is extracted with difficulty.  Wash the combined extracts in
a separatory funnel three times with 23-ce. portions. of 10
per cent aleohol, shaking vigorously each time. Transfer
the petroleum ether extract to a wide-mouth tared flask or
heaker, and evaporate the petroleum cther on a steam bath
in an air cuprent.  Dry as in the method for MoISTURE AND
VOLATILE MA1TER. Any blank must he deducted from the
weight hefore caltvlating unsaponifiable matter. Test the
final residue for solulnlity in 30 cc. petroleum ether at room
temperature,  Filter and wash free from the insoluble resi-
diie, if any, evaporate and dry in the same manner as be-
fore. The Committee wishes to emphasize the necessity
of thorough and vigorous shaking in order to secure
accurate results. . The two phases must be hrought into the
most intimate contact possible, otherwise low and disagree-
ing results may be eitained.
100INE NUMBER— WIJS METLOD.

PREPARATION OF RracENTs—IT'ijs Todine Solution—Dis-
solve 13.0 g. of resuldimed iodine in one liter of C. P. glacial
acetic acid and pass in washed and dried chlorine gas until
(h¢ original thiosulfate titration of the solution is not quite
doubled. The solution is then preserved in amber glass-
stoppered hottles, sealed with paraffin until ready for use.

Mark the date on which the solution is preparcd on the

1
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bottle or bottles and do not use Wijs solution which is more
than 30 days old.

There should be no more than a slight excess of mdlm-
and no cxcess of chlorine, When the solution is madc
from jodine and chlorine, this point can he ascertained by
ot quite donbling the titration,”

The glacial acetic acid used for preparation of the Wijs
<olution should he of 99.0 to 995 per cent strength,
case of glacial acctic acids of somewhat ower strength, the
Commmittee recommends frecsing and centrifneing o1 dram-'
ing as a means of purincation.

N0 Sodiwm Theosul ete Nolution Dissolve 248 ¢ of
C. . osodm thi sulfate in recently boiled distilled water
and dilute with the same to ane hiter at the temperature at
which the titrations are to Le made,

Sturch Paste <Beil 1 g of starch in 200 cc? of distilicd
water for 10 min, and cocl to room tomperatare,

An impru\’ml starch solution may he fu'cﬂ‘hcl o auto-
claving 2 «. of starch and 6 g of horie acid dissolved o 200
cc. water at 13 Ths, prossore for 13 mine Thee solution hys
cood keeping qualitivs

T Co Mellliney, o T Chears Seen 29 01900, LA, s
the 3 v wg ddtals B e pregaraton of the Bime monocklond
soluth i

The preparatun o f the wviine moncchbnide solution prosents na
groat &h but i most W dope with care amd aceurany moond :
to ol cati-fyriony resulic, Thore noust bhe o the s lution ne
senshle (acess erther of jodinge or opattieilaryoof chlore, over
that required 1) £ the men ! Tlas I I R TURN AR T
IREIRRI 1 by diesrlvine ot fe of the acotie acnd to I
used the rogusite guartity of b, usme q pentle heat o assst
the m'minn. if it v founl mu«.ur.. sertmg aside g small poaticn
of this solaten, while pure oad dre dilorme s passed into the re
Goder nnt the hidopen concent of the whele saluton is doubled
ariiy 1t wihi Le found tha by passing the cblerme into the
main part of the solation nntl the chatacteristic coles of fiee jndime
has just buen dischmieed thoe wiil he a shelt escess of chlorine
whic . correctod hy the addition «f the requste amount of the
unchlerinated jrtion wnt] all froe ehilotme has been ddestroyed. A
slight excess of indine durs hithe ur no harm, bt escess of chlotine
must be avaided,




STANDARD METITODS

Potassium lodide Solution—Dissolve 150 g. of potassium

iodide in water and make up to one liter.
o N/10 Potassivm Bichromate- Dissolve 4903 g of C. P.
potassium bichromate in water and make the volume np to
ene liter at the temperature at which titrations are to be
made,

The Committee ¢alls attention o the fact that occasionally
potassinm  hichromate is found containing sodm bichro-
mate, althoagh this is of rare occurrence. 1 the analyst
Ssuspects that he is dealing with an impure potassivm
bichromate, the purity can he ascertained by tittation against
re-sublimed fodine.  Toweser, this is unnecessary in the
wreal majority of cases,

Standardization of the Sodiwn T hiosuifale  Solution—
Plice 40 cc. of the potassm bichromate «olution, to which
has been adfled 10 ce. of the snlution of potassinm iodide,
in i glass stoppered ask, Add to this § ce. of strong
hydro ehtorie acid. Ditute with 100 ce. of water.and allow the
A /10 sodium thiosnhate to flow slowly into the Hask until
the selion ealor of the Tguid has almost disappeared — \dd
o Tew drops of the sturch paste, and with constant shaking
continie to add the N/10 sodinm thivsulfate solution until
the blie color jugt disappears.

Drmsxamon-—Weizh accurately from (L1010 0.50 g
(rdepending i the fodine number) of the melted and fiftered
sample wto a claan, diy, 16-02. glass-stoppered bottle con-
taining 15.20 ce. of carbon tetrachloride or chloroform.  \dd
23 ce. of indine soluiion from a pipette, allowing to drain
for a definite time. ® The excess of judine should be from
50 per went to (0 per cent of the amount added, that is,
from 100 per cent to 150 per cent of the amount absorbed.
Aloisten the stopper with a 15 per cent potassium iodide so-
Tution to prevent loss of indine or chlorine but gnard against
an amount sufficient to run down inside the bottle,  Let
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the bottle stand in a dark place for ¥4 hr. at a uniform
temperature. At the end of that time add 20 cc. of 15 per
cent potassium iodide solution and 100 cc. of distilled water.
Titrate the iodine with N/10 sodium thiosulfate solutiort
which is added gradually, with constant shaking, until the
yellow color of the solution has almost disappeared. Add
a few drops of starch paste and continue titration until the
hlue color hias entirely disappeared. Toward the end of the
reaction stopper the bottle and shake violently so that any
iodine remaining in solution in the tetrachloride or chloro-
form may be taken up by the potassinm judide solution.
Conduct two determinations on blanks which must be run
in the same maner as the sample except that no fat is nsed
in the blanks.  Slight variations in temperature quite appre-
ciably affect the titer of the iodine solution, as acetic acid
has a high coeflicient of expansion. [t is, therefore, essen-
tial that the blanks and deferminations on the sample be
made at the same time. The number of cos of standard
thiosulfate solution required by the blank, less the amount
used in the deternunation, gives the thiosnliate cquivalent
of the iodine absorbed by the amount of sample used in the
determination.  Calculate to centigrams of iodine absorbed
hy 1 g. of sample (— per cent iodine absorhed).

DererMixaTion, Texe On—Tung il diows an erratic
hehagior with most jodine reagents and this is particularly
noticeable in the case of the Hanus reagent which is entirely
unsuitable for determining the iodine number of this oil
since extremely high and irregular results are obtained.
The Hiibl solution shows a progressiveaabsorption up to 24
hrs. and probably for a lcnger time but the period required
is entirely too long for a chemical determination.  The Wijs
solution gives good results if the following precautions are
ohserved :

Weigh out 0.15 = 0.05 g, use an cxcess of 55 %+ 3 per
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cent Wijs solution. Conduct the absorption at a temperature
of 20-25° C. for 1 hr. In other respects follow the instruc-
tions detailed above,

SAPONIFICATION NUMBER (KOETTSTORFER NUMBER).

PreraratioNn or Reacents. N/2 Hydrochloric Acid—
Carefully standardized.

Alcoholic Potassium Hydrovide Solution--Dissolve 40 g.
of pure potassium hydroside in one liter of 95 per cent re-
:li\'ﬁl](’(l alcohol (by volume). The alcohol should be re-
distilled from potassium hydroxide over which it has heen
standing for some time, or with which it has heen boiled for
some time, using a reflux condenser.  The solution must be
clear and the potassium hydroxide free from carbonates.

DeTERMINATION -Weigh accurate about 5 g, of the filtered
sample into g 2 250 to 300 cc. Erlenmeyer flask. Pipette 50
ce. of the alcoholic potassium hvdroxide solution into the
flask, allowing the puwtte to drain for a definite time.  Con-
nect the flask With an air condenser and boil until the fat
is completely saponificd (about 30 minutes). Cool and
titgate with the V/2 hydrachloric acid, using phenolphthalein
as an indicator. Calculate the Koettstorfer number (mg.
of potassium hydroxide required to saponify 1 g. of fat).
Conduct 2 or 3 blank determinations, using the same pipette
and draining for the same length of time as above.

MELTING POINT.

Arerjates  Capilloy fubes made from 3 mi. inside di-
ameter thin-walled glgss tubing drawn out to 1 mm. inside
diameter. Length of capillary part of tubes to he ahout
5 cm.  leength of tube over all 8 em.

Standard thermometer graduated in tenths of a degree.

600 cc. beaker.

DerrrMINATION—The sample should he clear when melted
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and entirely free from moisture, or incorrect results will be
obtained.

Melt and thoronghly mix the sample. Dip three of the
capillary tubes above described fu the oil so that the fat ip
the tube stands about 1 em. in height,  Now fuse the capil-
fary end carcfully by means o a small blast Hame and
allow to cool, These tubes are placed in a refrigerator aver
night at a temperature of from 40 to 50° I, They are then
fastened Ty means of a rublier hand or ather suitable means
to the buib of a thermometer graduated in tenths of a de-
gree.  The thermamdter i nspended in a boaker of water
Cwhich s~ avititod oy air or otiier saitable means) so that
the bottem of the buth of the thermometer is immersad to
a depth of alwit 3 cm The temperature of the water is
fmereased gradialiy at the rate of about 17 per minate,

The point at which the sample becon es opalescent s st
noted and the heating eonsimned antil the comtents of the
tube becomes aniformly tanspares Jhe Ttter nompera-
ture is repurted as tie melting poisd, ¢

Before Tnlly mcdting toa pertect!y clear ladd, the sample
Dreomes opiiescert and usnbly apoears olear at the top,
Yottom, and sides B o pecomine eloar at the center. The
Deating iv contmned antil the s nterts of the e hecome
mifermly Cear aed transpione Thi gemperature i ore
ported pa e meltivg point’ e naeally oudy L froa tion
of & dezies ahove e opaiecent point noteld. The ther
mometer shanld be read to the et 0 Cand i addi
fion this teny ernture may " reparted ta the nearost doaree
Fahrenbeit if dv irc”!

crarn pEst,

Pricavtions (D The oil must Le perfectly drw hecause

" The melting point « f nils mav he detrrmined in general according
to the ahnve nrecedure, taking into consideratun the Inwer tempera-
tute required.
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the presence of moisture will produce a turbidity before the
clouding point is reached.

+ (2) The oil must be heated to 150 C. over a free flame,
immediately before making the test.

® (3) There must not he too much discrepancy hetween the
temperature of the bath and the clouding point of the oil.
An oil that will cloud at the temperature of hydrant water
should he tested in a bath ot that temperature.  An oil that
will cleud in a mixtore of ice and water shonld he tested in
such a hath. An ail that will not cloud in a bath of ice
and water must be tested in a hath of salt, ice, and water,

DeTERMINATION=- -The 0il is heated in a poreelain casserole
over a free flame to 1307 €., stirring with the thermometer.,
A« soen as it can be dene with safety, the oil is transferred
ta a4 oz, oil hottle, which must he perfectly dry. One and
one-half vunces of the oif are safficient for the test. A dry
contigraude th®rmometer is placed m the o'l, and the hottle
is then acoled by inirersion in a suitable bath. The oil is
constantly tir®d Rith the thermometer. taking care not to
remove the thermometer from the oil at any time during
the fest, so as 1o avoid sidrring air hubbles into the oil.
The bottle is frequentle removed from the lath for a few
moments  The oil must not he allowed to chill on the
oles amd hottom 9f the hottle, This is effected by constant
and vieorons otirring with the thermometer, As soon as
the tirst cominent cloud hows inthe body of the oil,*the
reperature at whiclr this clond ocenrs is noted.

Wath care, results concordant to within 14° C. can be ob-
tained hy this method. A Fahrenheit thermometer is some-
times used hecanse i®has hecome customary to report re-
wults in degrees Fahrenheit.

The off must he tested within a short time after heating
to 130° C. and a re fest must always he preceded by re-
heating to that temperature. The cloud point should be
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approached as quickly as possible, yet not so fast that the
oil is frozen on the sides or bottom of the bottle before the
cloud test is reached.

Notes on the Above Methods. '
SAMPLING.

The standard size of sample adopted hy the committce is
at least 3 Ibs. in weight. The committec realizes that this
amount is larger than any samples usually furnishéd even
when representing shipments of from 20,000 to 60,000 1hs.
but it believes that the requircment of a larger sample is
desirable and will work toward uniform and more con-
cordant results in analysis. It will probably continue to be
the custom of the trade to submit smaller huyers’ samples
than required by the committee, but these are to he consid-
ered only as samples tor inspection and not for analysis. The
standard analytical sample must consist of 3 s, or more,

The reasons for keeping samples in a dark, cool place are
obvious. This is to prevent any increase it rancidity and
any unduc increase in free fatty acids.  In the case of many
fats the committee has found in its co-operative analytical
work that free acid tends to increase very rapidly. This
tendency is minimized by low temperatures.

MOISTURE AND VOLATILE MAFTER.

After careful consideration the committee has decided that |
moisture is st determined o a vacunm oven of the design
which accompanies the above report. Numerous results ou
check samples have confirmed the committee’s conclusions.
The aven recommended hy the commjttec is constructed on
the basis of weil-known principles and it i~ hoped that this
type will be adopted generally by chemists who are called
upon to analyze fats and oils.  The experiments of the com-
mittee indicate that it is a most difiicult matter 1o design a
vacunm oven which will produce uniformm temperatures
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throughout; and one of the principal ideas in the design
adopted is uniformity of temperature over the entire single
shelf. This idea has not quite been realized in practice but,
wevertheless, the present design approaches much closer to
the ideal than other vacuum ovens commonly used. In the
drawing the essential dimensions are those between the heat-
ing units and the shelf and the length and breadth of the
outer casting. The standard Fat Analysis Committee Oven
(F. A. C. Oven) can be furnished by Messrs. E. H. Sargent
& Company, 125 West Lake street, Chicago.

The committee realizes that for routine work a quicker
method is desirable and has added one such method and
has also stated the conditions under which comparable re-
sults can be obtained by means of the ordinary well-venti-
lated air oven held at 105 to 110° C. However, in accord-
ance with a {undamental principle adopted by the committee
at its first meeting, only one standard method is adopted and
declared official fcr each determination.

The committee realizes that in the case of all methods
for determining moisture by means of loss on heating there
may be a loss due to volatile matter (especially fatty acids)
other than water. The title of the determination MOISTURE
AND VOLATILE MATTER indicates this idea, but any considerable
error from this Source may occur only in the case of high
acid fats ard oils and particularly thosc containing lower
fatty acids such as coconut and palm kerng oil. In the
case of extracted greases which have not been properly puri-
fied, some of the solvent may also be included in the mois-
ture and volatile majter determination, but inasmuch as the
solvent, usually a petroleum product, can only be considered
as foreygn matter, for commercial purposes, it is entirely
proper to include it with the moisture.

The committee has also considered the various distillation
methods for the determination of moisture in fats and oils,
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but since according to the fundamental principles which it
was endeavoring to follow it could only standardize one
method, it was decided that the most desirable one on the
whole was the vacuum-oven method as given. There are
cases wherein a chemist may find it desirable to check a
moisturc determination or investigate the moisture content
of a fat or oil further by means of one of the distillation
mecthods. .

However, in co-opcrative work the distillation method in
various types of apparatus has not yiclded satisfactory re-,
sults. The difliculties appear to be connected with a proper
choice of solvent and particularly with the tendency of
drops of water to adhere to various parts of the glass ap-
paratus instead of passing on to the measuring device.
When working on coconut oil containing a high percentage
of free fatty acids, concordant results could not be obtained
by the various members of the committee when working
with identical samples, solvents and apparatus. )

On the other hand, the committce found by individual
work, co-operative work and collaborative work by several
members of the committee in onc lahoratory, that the ok,
well-known direct heating method (which the committec has
designated the hot piate method) yiclded very satisfactory
" *results on all sorts of fats and oiis including emulsions such
as butter and olcomargarine and even on coconut oil sam-
ples Eon&fning‘ 15 to 20 per cent free fatty acids and § to 6
per cent of moisture, Unfortunately, this method depends
altogetlier an the operator's skill and while the methad may
he taught to any person whether a chemist or not so that
he can obtain excellent results with it, it is difficult to give
a sufficiently complete deseription of it so that anysshemist
anywhere after reading the description could follow it sue-
cessfully. The method is undoubtedly worthy of much con-
fidence in careful hands: It is quick, accurate and reliable.
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It is probably the best single method for the determination
of moisture in all sorts of samples for routine laboratory
work. On account of this fact the committee desires to
amnounce its willingness to instruct any person in the proper
use of the method who desires to become acquainted with it
and who will visit any committee member’s laboratory.

INSOLUBLE IMPURITIES.

This determmation, the title for which was adopted after
careful consideration, determines the impurities which have
gencrally been known as dirt, suspended matter, suspended
solids, foreign solids, foreign matter, etc., in the past. The
first solvent recommended hy the committee is hot kerosene
to be followed hy petroleum cther kept at ordinary room
temperature.  Petroleum ether, cold or ouly slightly warm,
is not a good fat and metallic soap solvent, whereas hot
kerosene disfolves these substaaces readily, and for this
reason thie committece has recommended the double solvent
method so as to exclude metallic soaps which are determined
helow as soluble mineral matter.

SOLUBLE MINERAL MATTER.

Soluble mincral matter represents mineral matter com-
hined with fatty acids in the form of soaps in solution in
the fat or oil. Fctmerly, this mineral matter was often de-
termined in combination by weighing the separated, metallic
suap or hy weighing it in conjunction with the ssnlwhle im-
purities.  Since the soaps present consist mostly of lime
soap, it has been customary to calculate the lime present
therein by taking 0.1 $he weight of the total metallic soaps.
The standard method as given ahove is direct and involves
no calettion. The routine method given in the note has
licen placed among the methods for the rcason that it is
used in some laboratories, but has not been adopted as a
standard method in view of the fact that the committee has
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made it a rule to adopt only one standard method. It
should be pointed out, however, that the method cannot be
considered accurate for the reason that insoluble impurities
may vary from sample to sample to a considerable exterit
and the error due to the presence of large particles of in-
soluble impurities is thus transferred to the soluble mineral
matter. The committee has found one type of grease
(naphtha bone grease) which shows most unusual charac-
teristics. The type sample contains 4.3 per cent soluble
mineral matter by the committee method which would be
equivalent to 43.0 per cent free fatty acid. The kerosene
and gasoline filtrate was particularly clear, nevertheless the
ash was found to contain 3643 per cent P.O: cquivalent to
79.60 per cent of Ca,(PQ.). and 963 per cent of Fe,0,.
The method, therefore, determines the soluble mineral mat-
ter in this case satisfactorily but the factor i0 is not ap-
plicable for calculating the fatty acids combined tkerewith.
It is necessary, thercfore, in order to determine the fatty
acids combined with soluble mineral matter in the original
samplc to determine the actual bases in the soluble mineral
matter as obtained by ashing the kerosene and gasoline fil-
trate. To the bases so determined the factor 10 can then
he applied.
FREE FATTY ACID.

The fatty acid method adopted is sufficiently accurate for
commercial purposes. In many routine laboratories the fat
or oil is measured and not weighed, but the committec rec-
ommends weighing the sample in all cases. For scientific
purposes the result is often expressdd as “acid numher,”
meaning the number of milligrams of KOH regyired to
neutralize the free acids in one gram of fat, but the com-
mercial practice has been, and is, to express the fatty acids
as oleic acid or in the case of palm oil, as palmitic acid,
in some instances. The committee sees no objection to the
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continuation of this custom so long as the analytical report
clearly indicates how the free acid is expressed. For a
more exact expression of the free acid in a given fat, the
committee recommends that the ratio of acid number to
saponification number be used. This method of expressing
results is subject to error when unsaponifiable fatty matter
is present, since the result expresses the ratio of free fatty
acid to, total saponifiable fatty matter present.

TITER.

At the present time the prices of gycerol and caustic pot-
ash are abnormally high, but the committce has considered
that the methods adopted are for normal times and normal
prices. For routine work during the period of high prices
the following method may he used for preparing the fatty
acids and is, recommended by the committee:

Fifty grams of fat arc saponified with 60 cc. of a solution
of 2 parts of meshyl alcohol to 1 of 50 per cent NaOH.
The soap is dried, pulverized and dissolved in 1000 cc. of
water in a porcelain dish and then decomposed with 25 cc.
of*'75 per cent sulphuric acid. The fatty acids are boiled
until clear oil is formed and then collected and settled in a
150-cc. beaker and filtered into a 50-cc. beaker. They are
then heated to 180° C. as rapidly as possible with stirring,
and transferred, after they have cooled somewhat, to the
usual 1-in, by 4-in, titer tube.

The method of taking the titer, including handling the
thermometer, to be followed is the same as that described in
the standard methgl. Even at present high prices many
laboratories are usiug the glycerol-caustic potash method
for prejaring the fatty acids, figuring that the saving of
time more than compensates for the extra cost of the re-
agents. Caustic soda cannot be substituted for caustic pot-
ash in the glycerol method.
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UNSAPONIFIABLE MATTER.

The committee has comsidercd unsaponifiable matter to
include those substances frequently found dissolved in fats
and oils which are not saponified by the caustic alkalies andl
which at the same time are soluble in the ordinary fat
solvents. The term ncludes such substances as the higher
alcohols, such as cholesterol which in found in animal fats,
phytosterol found in some vegetable fats, paraflin and petro-
leum oils, etc.  UNSAPONIFIABLE MATTER should not be con-
fused iu the lay mind with INSOLUBLE |MPURITIES OR SOLURLE
MINERAL MATTEK.

The method adopted by the committee has been sclected
only after the most careful consideration of other methods,
such as the dry extraction method and the wet method mak-
ing usc of the separatory funnel. At first consideration the
dry extraction process would scem to offer the best Dasis
for an unsaponifiable matter method, but in practige it has
been found absolutely impossible for dfiferent anmalysts to
obtain agreeing results when using any of the dry extrac-
tion methods proposed. Therefore, this method had to he
abondoned after numerous trials, although several memblers
of the committee strongly favored it in the heginning.

Iopine Nunsek—The iodine number adopted by the com-
mitee is that determined hy the well-known Wijs method.
Thig method was adopted after carcful comparison with the
Hanus and ¥iibl mcthods. The Habl method was elimi-
nated from consideration almost at the heginning of the com-
mittee’s work for the reason that the time required for
complete absorption of the indine is unuccessarily long and,
in fact, even aflter absorption has gone on over night, it is
apparently not complete. In the case of the Hanusthd Wijs
methods completc absorption takes place in from 15 minutes
to an hour, depending on conditions. Formerly, many
chemists thought the Hanus solution rather casier to prepare
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than the Wijs solution, but the experience of the committee
was that the Wijs solution was no more difficult to prepare
than the Hanus. Furthermore, absorption of iodine from
the Wijs solution appeared to take place with greater
promptness and certainty than irom the Hanus and was
complete in a shorter time. Results by the Wijs method
were also in better agreement in the case of oils showing
high.iodine absorption than with the Ilanus solution and
showed a slightly higher iodine ahsorption for the same
length of time. However, the difference was not great,
The committee investigated the question of substitution
since it has been suggested that in case of the Wijs solution
substitution of iodine in the organic molecule might occur,
and found no evidence of this in the time required for
the determination, namecly, ¥4 hr., or even for a somewhat
longer pegiod. One member of the committee felt that it
was not desirable to introduce the Wijs method into these
standard m-thols since the Fanus method was already
standardized by the Association of Official Agricultural
Chemists, but the commitice felt that it must follow the
principle established at the commencement of its work,
namely, that of adopting the method which appeared to
he the best from all standpoints, taking into consideration
accuracy, conv®nicnce, simplicity, time, expense, ctc., with-
out allowing precedent to have the deciding vote.

JopiNe Numsgr, Tune Onn—The commiteee has made an
extensive study of the application of the Wijs mecthod to
the determination of iodine value in the case of tung oil
with the result that it recommends the method for this oil
but has thought it desirable to limit the conditions under
which the determination is conducted rather narrowly, al-
though reasonably good results are obtained by the com-
mittee method without making use of the special limitations.

The co-operative work of the committee and the special
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investigations conducted by individual members bring out
the following points:

Infiuence of Temperature—From 16° C. to 30° C. there
is a moderate increase in the absorption, but above 30° the*
increase is rather rapid so that it was thought best to
limit the temperature in the case of tung oil to 20° to 25° C.

Influence of Time—The absorption increases with the
time but apparently complete absorption, so far as unsat-
urated bonds are concerned, occurs well within one hour's
time. Consequently, one hour was set as the practical limit.

Influence of Excess—The excess of iodine solution also
tends to increasc the iodine number, hence the Committee
thought it nccessary to limit the excess rather rigidly to
55 == 3 per cent, although with greater latitude results were
reasonably good.

Influence of Age of Solution—OMW solutions tend to give
low results although up to 2'mo. no great differencgs were
observed. Nevertheless, it was thought best tm limit the age
of the solution to 30 days—long enough for all practical
purposes.

Amount of Sample—As a practical amount of sample to
be weighed out the Committee decided on 0.15 g. with a
tolerance of 0.05 g. in either direction according to prefer-
ence. In other words, the amount of saniple to be taken
for the determination to be from 0.1 to 0.2 g. in the discre-
tion of the analyst.

The Committee’s study of the Hilbl method which has
been adopted by the Socicty for Testing Materials in the
case of tung oil indicates that this m¢thod when applied
to tung oil is subject to the same influences as the Wijs
method and it has the additional very serious disa@vantage
of requiring a long period of time for ahsorption which
cannot be considered reasonable for a modern analytical
method. When using the Hilh] solution, the absorption is
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not complete in the case of tung oil at 3, 7, 18 or even 24
hrs.

The Hanus method in the case of tung oil gives very
»high and erratic results, as high as 180 to 240 in ordinary
cases for an oil whose true iodine number is about 165.

MELTING POINT.

A melting point is the temperature at which a solid sub-
stance assumes the liquid condition. If the solid is a pure
substance in the crystalline condition the melting point is
sharp and well defined for any given pressure. With in-
creased pressure the melting point is lowered or raised, de-
pending on whether the substance contracts or expands in
melting. The lowering or raising of the melting point with
pressure is very slight and ordinarily is not taken into
consideratign. Melting-point determinations are commonly
carried out under ordinary atmospheric pressures without
correction. The gencral effect of soluble impurities is to
lower the melting point, and this holds true whether the
impurity has a higher or lower nielting point than the pure
substance (solvent). Thus if a small amount of stearic acid
be added to liquid palmitic acid and the solution frozen, the
melting point of this solid will be lower than that of palmitic
acid. Likewisesthe melting point of stearic acid is lowered
hy the addition of a small amount of palmitic acid. A eutec-
tic mixture results when two components sglidify sifnulta-
neously at a definite temperature. Such a mixture has a
constant melting point and because of this and also because
both solid and liqpid phases have the same composition,
eutectic mixtures were formerly looked upon as com-
pounds.» The phenomenon of double melting points has
been observed in the case of a number of glycerides. Such
a glyceride when placed in the usual capillary tube and
subjected to increasing temperature quickly resolidifies only
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to melt again and remain melted at a still higher tempera-
ture. This phenomenon has not yet been sufficiently in-
vestigated to afford a satisfactory explanation.

Non-crystalline substances such as glass, sealing wax and
various other waxes and wax mixtures, and most collvidal
substances do not exhibit a sharp melting point, but under
the application of heat first soften very gradually and at a
considerably higher temperature melt sufficiently to flow.
This phenomenon of melting through a long range of tem-
perature may be due to the amorphous nature of the sub-
stance or to the fact that it consists of a very large number
of components of many different melting points.

The fats and oils of natural origin, that is, the animal and
vegetable fats and oils, cousist of mixtures of glycerides and,
generally speaking, of a considerable number of such com-
ponents. These components are crystalline anyl when sep-
arated in the pure state have definitc melting pojnts, al-
though some exhibit the phenomenon of double melting
point. For the most part the naturally occurring glycerides
are mixed glycerides. In the natural lats and oils there are
present also certain higher alcohols, of which cholesterok is
characteristic of the animal fats and oils and phytosterol of
many of the vegetable fats and oils. In addition to the
crystalline glyccrides and the higher alcohols present in
neutral fats, there arc in fats of lower grade, fatty acids,
which arc crystalline, and also various non-crystalline im-
purities of an unsaponifiabe nature, and the presence of
these impurities tends to lower the melting point. They
also tend to induce undercooling and when the liquid fat or
oil is being chilled for purposes of solidification or in de-
termination of titer.

The presence of water, especially when this is thoroughly
mixed or emulsified with a fat or oil, also influences the
melting point to a marked extent, causing the mixture to
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melt through a longer range of temperatures than would be
the case if the water were absent. This is particularly truc
of emulsified fats and oils, such as butter and oleomargarine,
both of which contain, besides water, the solids naturally
present in milk or cream and including casein, milk sugar,
and salts. The melting-point method recommended by the
Committee is not applicable to such emulsions or other
watery mixturcs and the Committee has found it impossible
to devise an accurate method for making softening-point or
melting-point dcterminations on products of this nature.
Not only the amount of water present but also the fineness
of its particles, that is, its state of subdivision and distri-
hution, in a fat or oil influences the softening point or melt-
ing point and causes it to vary widely in different samples.
As a consequence of the foregoing facts, natural fats and
oils do noteexhihit a definite melting point, composed as they
arc of mixtures of various crystalline glycerides, higher
alcohols, fatdy alids, and non-cvstalline substances, There-
fore, the term melting point when applied to them requires
further definition. They exhibit first a lower melting point
{the melting point of the lowest melting component) or
what might he called the softening point and following this
the fat softens through a shorter or longer range of tem-
perature to the'final melting point at which temperature the
fat is entirely liquid. This is the melting point deteymined
by the Committee’s melting-point method. @ The range be-
tween the softening point and the final melting point varies
greatly with the different fats and oils depending on their
chemical components, the water associated with them,
emulsification, ete. In the case of coconut oil the range
betw&i! softening point and final melting point is rather
short; in the case of butter, long. Various methods have
heen devised to determine the so-called melting point of fats
and oils. Most of these methads, however, determine, not
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the melting point, but the softening point or the flow point
of the fat and the great difficulty has been in the past to
devise a method which would determine even this point
with reasonable accuracy and so that results could be easily
duplicated. It has been the aim of the Committee to
devise a simple method for the determination of the melting
point of fats and oils, but it should be understood that the
term melting point in the scientific sense is not applicable to
natural fats and oils.
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Illustrations of machinery and layouts
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+RAW MATERIALS

The tallow in the bleaching tank is heated to 180° F.
(82° C.) and ten pounds of dry salt per ton of fat used
added and thoroughly mixed by agitation. This addition
coagulates any albumen and debydrates the fat. The
whole mass is allowed to settle over night where possible,
or for at least five hours. Any brine which has separated is
drawn off from the bottom and the temperature of the
fat is then raised to 1600° IV, (71° C.).

* Five per cent. of the weight of the tallow operated
upon, of dry Fuller's earth is now added and the whole
mass agitated from twenty to thirty minutes.

The new bleached fat, containing the Fuller’s earth is
pumped directly to a previously heated filter press and
the issuing clear oil run directly to the soap kettle.

One of the difficulties experienced in the process is the
heating of the press to a temperature sufficient to prevent
so.lidnﬁcalion of the fat -without raising the press to too
great agtemiperature. To overcome this the first plate is
heated by wet steam. Air delivered from « blower and
heated by passage through a series of coils raised to a
high temperature by external application of heat (super-
heated steam) is then substituted for the steam. The
moisturc praduced by the condensation of the steam. is
vaporized by the hot air and carried on gradually tq cach
succeeding plate where it again condenses and vaporizes.
In this way the small quantity of water is carried through
the entire press, raising its temperafire to 80°-100" C.
This temperature is subsequently maintained by the
passdge of hot air. By this method of heating the poor
conductivity of hot air is overcome through the inter-
mediary action of a liquid vapor and the latent heat of
f;iam is utilized to obtain the initial rise in temperature.

© heat a small press economically where conditions are
such that a large output is not required the entire press
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may be encased in a small wooden house which can be
heated by steam coils. The cake in the press is heated for
some time after the filteration is complete to assist drain*
age. After such treatment the cake should contain ap-
proximately 15 per cent. fat and 25 per cent. water. The
cake is now removed from the press and transferred to a
small tank where it is treated with sufficient caustic soda
to convert the fat content into soap.

Saturated brine is then added to salt out the soap, the
Fuller's earth is allowed to settle to the bottom of the
tank and the soap which solidifies after a short time is
skimmed off to be used in a cheap soap where color is
not important. The liquor underneath may also be run

* off without disturbing the sediment to be used in grain-
ing a similar cheap soap. The waste Fuller’s earth con-
tains about 0.1 to 0.3 per cent. of fat. .

METHOD FOR FURTHER 1MPROVEMENT OF COLOR.

A further improvement of the color of the tallw may
be obtained by freeing it from a portion of its free fatty
acids, either with or without previous Fuller's éarth
bleaching.

To carry out this process the melted fat is allowed to
settle and as much water as possible taken off. The tem-
perature. is then raised to 160° F. with dry steam and
enough satyrated solution of soda ash added to remove
0.5 per cent. of thﬁ free fatty acids, while agitating the
mass thoroughly mechanically or by air. The agitation
is continued ten minutes, the whole allowed to settle for
two hours and the foots drawn off. The soap thus formed
entangles a large proportion of the impurities of the fat.

VEGETABIE NILS,

Coceanut Oil, as the name implies, is obtained from tie
fruit of the cocoanut palm. This oil is a solid, ‘white fat at
ordinary temperature, having a bland tastc and a charac-
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teristic odor. It is rarely adulterated and is very readily
daponified. In recent years the price of this oil has in-
creased mateflally because cocoanut oil is now being used
extensively for edible purposes, especially in the making of
oleomargarine. Present indications are that shortly very
little high grade oil will he employed for soap manufacture
since the demand for oleomargarine is constantly increas-
ing and since new methods of refining the oil for this pur-
pose are constantly being devised.

The oil is found in the market under threc different
grades: (1) Cochin cocoanut oil, the choicest oil comes
from Cochin (Malabar). This product, being more care-
fully cultivated and refined than the other grades, is
whiter, cleaner and contains a smaller percentage of free
acid. (2) Ceylon cocoanut oil, coming chiefly from Cey-
lon, is gisually of a yellowish tint and more acrid in odor
thap Cochin .oil. (3) Continental cocoanut oil (Copra,
Freudenberg) is obtained from the dried kernels, the copra,
which are shipped to Europe in large quantities, where the
oil is extracted. These dried kernels yield 60 to 70 per
cent oil. This produgt is generally superior to the Ceylon
oil and may be used as a very satisfactory substitute for
Cochin oil, in soap manufacture, provided it is low in free
acid and of*good color. The writer has employed it satis-
factorily in the whitest and finest of toilet soaps without
being able to distinguish any disadvantgge to the Cochin
oil. Since continental oil is usually cheaper than Cochin
oil, it "s advisalle to use it, as occasion permits.

Cocoanut oil is used cxtensively in toilet soap making,
usually in connection with tallow. When used alone
the soap made fromf this oil forms a lather, which comes
up sapidly- but which is flufly and dries quickly. A pure
tallow soap lathers very much slower but produces a more
lasting lather. Thus the adyantage of using cocoanut oil
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in suap is seen. It is further used in making a cocoanut
oil soap by the cold process also for “fake” or filled soaps
The fatty.acid content readily starts the saponification
which takes place easily with a strong lye (25°-35° B.).
Where large quantitics of the oil are saponified care must
be excrcised as the soap formed suddenly rises or puffs
up and may boil over. Cocoanut oil soap takes up large
quantitics of water, cases having been cited where a 500
per cent. yield has bheen obtained. This water of codrse
dries out again upon exposure to the air. The soap is
harsh to the skin, develops rancidity and darkens readily.
Palm Kernel Qil, which is obtained from the kernels of
the palm trec of West Africa, is used in soap making to re-
place cocoanut oil where the lower price warrants its use.
It resembles cocoanut oil in respect to saponification and
in forming a very similir soap Kernel oil is white in
color, has a pleasant nutty oder when fresh, but'rayidly
devclops free acid, which runs to a high percgntage.
Palm Oil is produced from the fruit of the several species
of the palm tree on the western coast of Africa gererally,
hut also in the Philippings. The frcsh oil has a deep orange
yellow tint not destroyed hy s1pomﬁcatmn. a sweetish taste
and an odor of orris root or violet which is also imparted
to goap made from it. The methods by whichethe natives
obtain the oil are crude and depend upon a fermentation, or
putrefaction. J.arge quantities are said to he wasted be-
causc of this fact® The oil contains impurities in the form
of fermentable fibre and albuminous matter, and conse-
quently develops free fatty acid rapidly. Sample® tested
for free acid have been found to have hydrolized completely
and one seldom ohtains an oil witg low acid content
Because of this high percentage of free fatty acid, the
glycerine yield is small, though the neutral oil should
produce approximately 12 per cent. glycerine. Some
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Appendix

Tubles marked * are taken from the German Year
f%ook for Soap Industry.
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(U. S. BUREAU OF STANDARDS)
THE METRIC SYSTEM.

The fundamental unit of the metric system is the meter
(the unit of length). From this the units of mass
(gram) and capacity (liter) are derived. All other units
are the decimal sub-divisions or multiples of these, These
three units are simply related, so that for all practical
purposes the volume of one kilogram of water (one liter)
is equal to one cubic decimeter.

Prefixes. Meaning. Units.

Milli- = one thousandth 1-1000 .001
Centi- = one hundredth 1-100 .01

Meter for length,

Deci- = one tenth 1-10 . |
Unit = one - L Gram for macs.
Deka- = ten 10-1 10.

Hecto- = one hundred 100-1 100. Liter for capacity.
Kilo- = one thousand 1000-1 1000.

The metric terms are formed by c;nnbining the words
"Metgr," “Gram” and ‘“Liter” with the six numerical
prefixes.

Lexcrr
10 milli-meters mm = 1 centi-meter ................ cm
10 centi-meters .... = 1 deci-meter ................. dm
f0 deci-meters ... = 1 meter (about 40 inches)....m
10 meters .......... = 1 deka-meter ........ S odkm
10 deka-meters .... = 1 hecto-meter ..... eeeeraes hm

10 hecto-meters .... = 1 kilo-meter (about 3§ mile)..km
220



APPENDIX

Mass,
10 milli-grams, m g == 1 centi-gram ................. cg
10 centi-grams ..... =1 deci-gram .................. dg
10 deci-grams ...... = 1 gram (about 15 grains)...... g
10 grams .......... =1 deka-gram ............... dkg
10. Deka-grams ..... =1 hecto-gram ................ hg

10 hecto-grams ..... = 1 kilo-gram (about 2 pounds) .k g

Caracity,
10 milli-liters ...m1 = 1 centi-liter ................... cl
10 centi-liters ...... = 1 deci-liter ...............00e dl
10 deci-liters ...... = 1 liter (about 1 quart).......... 1
10difers ........... =1 deka-liter ................. dki
10 deka-fiters ...... = 1 hecto-liter (about a barrel)..h1

10 hecto-liters ..... =1 kilo-liter ................... ki

The square and cubic units are the squares and cubes of
the linear units.

The ondinary unit of land area is the Hectare (abou
244 acres).
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U. S. BUREAU OF STANDARDS TABLE OF
METRIC EQUIVALENTS

Meter = 39.37 inches.
Legal Equivalent Adopted by Act of Congress July 28,

1866.

LENGTH,
Centimeter ............. == 0.3937 inch
Meter ......cccovnunnenn = 328 feet -
Meter .................. = 1094 yards
Kilometer ............. = 0621 statute mile
Kilometer ............. = 0.5396 nautical mile
Inch ................. .. = 2.540 centimeters
Foot .................. = 0:305 meter
Yard .................. = 0914 mcter
Statute mile......... .. = 161 kilomdters
Nautical mile........... = 1.853 kilometers

AREA,
Sq. centimeter.......... = 0155 sq. inch
Sq. teter............... = 1076 sq. feet
Sq. meter................ = 1196 sq. yards
Hectare ........ PO = 247 acres
Sq. kilometer........... = 038 sq. mile
$a. inch................ = 645 sq. ¢entimeters
Sq. foot. .............. = 00929 sq. meter..
Sq. yard................ = 0836 sq. meter
Acre. .................. = 0405 hectare
Sq. mile................ = 259 sq. kilometers
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aram ..,
Gram . .
Gram
Gram . . .
Gram .
Kilogram . ..

Kilogram

Metric ton ... e
Metric ton.... ... . ..

U. S, apoth dram.,
Avolr. nﬁnu

Troy ounce...........

Avair, pound. .
.

Troy pound...........
.

Gross or long ton.. ... :

Short or net tom... .. .

Cu. centimeter........

Cu. meter.... e

Cu, meiasee. ...

U. S. apoth. scruple..

APPENDIX

223

WEIGHT,
.. = 1543  grains
= 0772 U. S. apoth. scruple
= 02572 U, S. apoth, dram
= 00353 avoir, ounce
= 003215 troy ounce
=- 2205 avoir. pounds
<= 2679 troy pounds
= 0984 gross or long ton
= 1102 short or net tons
.oo= 00604 gram
.. = 1296 grams
= 389  grams
.= 2835  grams
.. = 3110 grams
.. = 04536 kilogram
.. = 0373 kilogram
= 1016 metric tons
= 0907 metric ton
VoLume.
.. = 00610 cu. inch
.. =353  cu. feet
.= 1308 cu. yards
.. = 1639 cu. centimeters
.. = 0283 cu. meter
.. x= 0765 cu. meter



SOAP-MAKING MANUAL

CaraciTY,
Millimeter ............. = 0.0338 U. S. lig. ounce
Millimeter ....... ..... == 02705 U. S. apoth. dram
Liter ... ..... ....... = 1057 U, S. liq, quarts
Liter o.o.ooooevieennnn. = 02642 U. S. lig. gallon
Liter ....... .......... = 0908 U. S. dry quart
Dekaliter ..............: = 1135 U, S. pecks
Hectoliter .............. = 2838 U. S. bushels
U. S. lig. ounce......... = 2957 millimeters
U. S. apoth, dram...... = 370 millimeters
U. S. lig. quarts........ == 0946 liter
U. S. dry quarts........ = 1101 liters
U. S, lig. gallon......... = 3785 liters
U. S. peck....... .. ... = 0881 dekaliter
U. S. bushel...........: = 0.3524 hectoliter

AVOIRDUPOIS WEIGHT.

1 pound = 16 ounces = 256 drams
lounce = 16 “

TROY (APOTHECARIES’) WEIGHT (U. S.)
1 pound = {2 ounces = 96 drams = 288 scruples = 5,760 grains

1 ounwe = 8 drams = 24 scruples = 480 grains
1dram = 3 scruples = 60 grains
1 scruple = 20 grains

WINE (APOTHECARIES) LIQUID MEASURXE (U, S.)
1,024 . drams =. 61,440 minims

1 gallon = 8 pints = 128 fl. ozs, =
1pint = 161, ozs. = 128 fl. drams = 7,689 minkws

1oz, = 8 fl drams = 480 minims

1f, dram = 60 minims

2249
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Useful Information

31‘0 find diameter of a circle multiply circumference by
1831,

To find circumference of a circle, multiply diameter by
3.1416.

To find area of a circle, muitiply square of diameter by
7854,

To findysurface of a ball, multiply square of diameter by
3.1416.

To find side of an equal square, multiply diameter by
5862,

To find cubic inches in a ball, multiply cube of diameter
by .5236.
Doubling the diameter af a pipe, increases its capacity

four times. .

Omv cubic faat of uulhractlv coal weighs about 53 lIbs.

One cubic foot of bituminous coal weighs from 47 to 50
pounds. .

A gallon of water (U. S. standard) weighs 8 1/3 pounds
and contains 231 cubic inches.

A cubic foot of water contains 7% gallons, 1728 cubic
inches awd weighs 6214 pounds.

To find the number of pounds of wyater s cylindrical
tank contains, square the diameter, multiply by .785 and
then by the height in feet. This gives the number of cubic
feet which mulsiplied by 6214 gives the capacity in pounds
of wagg_,Dmde by 7% and this gives the capacity in gal-
lotiss

A horse-power is equivalent to raising 33,000 pounds 1
‘f t per minute, or 550 pounds 1 foot per second.
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SOAP-MAKING MANUAL

The friction of water in pipes is as the square of velocity.
The capacity of pipes is as the square of their diameters;
thus, doubling the diameter of a pipe increases its capacity
four times.

To find the diameter of @ pump cylinder to move a giveu
quantity of water per minute (100 feet of piston being the
standard of speed), divide the number of gallons by 4,
then extract the squarc root, and the product will be the
diameter in inches of the pump cylinder,

To find the horse-poicer necessary fo elevate weater to a
given height, multiply the weight of the water elevated per
minute in pounds by the height in feel, and Jdivide the
product by 33,000 (an allowance should be added for water
friction, and a further allowance for loss in stecam cylinder,
say from 20 to 30 per cent), :

To compute the capacity of pumping engines, multiply
the arca of water piston, in inches, by the distance it travels,
in inches, in a given time. Deduct 3 per cent for slip and
rod displacement. The product divided by 231 gives the
number of gallons in tirie named. '

To find the welocily in fect per minute necessary to dis-
charg® a given volume of water in a given time, multiply
the number, of cubic feet of water by 144 and divide the
product by the area of the pipe in inches.

To find the area of a required pipe, the volume and vel-
ocity of water being given, multiply the gumber of cubic
feet of water by 144 and divide the product by the velocity
in feet per minute. The arca being found, the diffteter ean
be learncd by using any table giving the “area of circles”
and finding the nearest area, npposite to which will be fourN
the diameter to correspond.
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USEFUL INFORMATION

Physical and Chemical Constants of Fixed Oils and Fata

(Frou LEWROW ITsU AND O1ILE R AUTRORIFIRS )

pecifie gravit W ting, o
peufle gravity iy Mt peint solwuyawwnf.
Linseed ol ., . L 0431-0038 | 0%%0 —lO‘(u—?ﬂ’ ~16°
Hemp-seed ofl PR R T I -7
\\'nlmll oil . 0920026 1 0R7L Y L L L L —27°
Pappy-seed oil OR LD e —1y°
Sunflower eil L L ~170
Fir-seed oil | cead e o000 21030
Muize oil L R B (g T 1
Cottam-seed o 07 P 12°
Sesame ol wrd | 0NTH e —5°
Raposeed i} 08 OMT § oshy . —2°to —10°
Bhik nuw 0gIs-onuzo |, L, . ~175°
Craton vl . —16°
Castor anl . . —12°to-18°
Ajpricot kernel oil —14°
Alnond ol . —10°to —20*
Peanut (nmq. ~3“to—7°
Olive oil . 2°
\aden o —4°
&“ﬂl -l \lu:.oll [ ms —10°
Whale oil ~2°
Dolplan il . 5° to —~3°
Porpuise oil . —16°
*e-foot ol . 0° to 1.5
od stemine | 31° to 326°
. 2 10 26°
(‘m O nulml 16° to 20°
Myrtle waz 39° to 43°
lhm“ wax ;g‘:
Tione fat . 15°to 372
Tallow 2 35 to 370
Butter fat A5t J\i" 19° to 20°
Oleomargarine . 0 P P I N
Spermoil . . O8TiuasE L 0sas | oLl . -
Bottle-nose al . OB79-0650 | OR27 | N
Carnauba wax . 0842 A9 10 85 50° 1o 81°
Wool-fat . . . 001 89 o 420 30° to 3020
Beeswax . . . () 82° o (4° 60 5° 1o 620
Spermaceti 0812 435° to 40° #4043 2°
Shinese wax 0810 B85 1o dl° B)5° o B1°
Tung(Uly on-092 | | e e o | below —17°
x,v‘m 09240827 e e to 16

227



SOAP-MAKING MANWAL

wmmﬁmw«mmm
ta.

{Faox L AND OT2ER )

Bepopiication | Manmens | 1oiine value.

104°-111° | 175-100
85°-06° 148

)

.,gf:. ;E
i

.

89-95. 25
[T
%3 035
'P .o
CW | i
e o] 14
62 |., .
968 |, .,
043 s
PR BT
b 963 .
|2 02
935 | 204
.07 [L)
6628 | 6592
o .| B
6841,
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*Temperature Correction Table for Hehner’s Concen-
trated Bichromate Solution for Glycerine Analysis

I :

Peeapersture: (kmelt:l&%lm Logarithm
nec 0.9980 con 99018
120" 0.5885 " 99986
18 " 0.9950 * 99956
ue” 0.9995 9978

\‘u- " oo > 00000

" l. -» m
gs" 1.0010 » 00043
1 1.0016 * 00065
190" k-;w';‘ 1.0020 * 00087
2007 | 1.0026 00108
210 :’ w1000 » 00130
280 #"" 1 1.0085 * 00152
230 7 1.0040 * 00178

-

.. *Table of ImpYsant Fatty Acids -

Mol.| Boiling Point fnstion
Name Formula .

Wt. | Ordinay ’! 100 mm 'f,‘t X

C.H,0, | 88 - — |637.5

CeH,2 0, | 116 -_— — 1488.6

CoH,0 0, | 144 - 16.6 .8

CioHyo 0:| 172 199.5—200] 31,8 [826.2

CiaHy, 02| 200 — 225 [48.6280.5

CiaHye Oy | 228 - '250.5 |§8.8(246.1

o] Cra Haz Og | 256 —_ 23.5 62 [219.1

wHye 02| 284 1 — 1 |69.2{197.5

Arachidi ...IG”H“O. 802 - - % 8

mk......c;.a..o. 830 —_ —  |TM-781170.0
Carotie. asen C.,HuO. 400 — -— 78 1{140.28.

W . nH“OQ 42 -— -_— 90 (126.6

Olefet. . CaHaeOp|282 | — [185.6-288] 14 1389

m e ]cllnlloa 838 | — - 165.9

uxuoz 280 |~ - 4

Unolnle 278 - -— "}

Rietnolelc. . m - - 151.8




1 Degie Fahrenbeit

3

MANIJAL

* SERER ANdED MEEAR RIIIT 33087 NAREE RNAGE sEERT
movH WeeN WEYH Gove e wevYn weva -1ven

s3ctis 24885 g¥ess wyszd w¥sEs sEsg¥ s3sgE 3sEs:

~. e
-

mwmmm Wmmmm 258337 23588 mmmmm mmmmm LELEH] mm....:
! Z8NLg mmmmm

..m 23538 s3sed mmmmm mmm
T vm. 4-‘...,4 Cuvn BBvYe WeeN cevn ceve aven

S9%%s r .33% 3IC3S SUCUS IIEE SUSEE pEeys serse

c n.]r.llc.|l.
140
141,
‘vl

STUIT B3LBB wRCES reRee lu..ﬂ SBVLUR 2IURT 2258

00w ‘..-..\clﬁﬂlli Jll‘r l‘j aoen llll woven

887EE £P3S3 3weaE-REV mm% a¥ess ndsne sussy |

bt

VOWH WOV RVWN P weean Ildl
=srse gsHus xIAAn Qtﬁ».rvl-uuu zekas uumau I3

F.

OAT"MARING

|AUGS uﬂﬂnn L3I uuﬂuu 93333 iuuﬂﬁ RCUIT 23523

C | R

S

Nevn ®_ 90 oeen o Gown, Need cVYN: QOWN

wedsy sinsg uua.? auunu 39332 23856 28TTS

*Comparison of Thermometer Scales

l.t.‘mt ﬂ ._.W ? BrOUY wKe-o OOI.-O

NSRRI ENYE)
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C|R [T

(K]
l.._.n_..w_. |xans 2 ® [RNAZ 2=Km8 -
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‘"USEFUT. INFORMATION

*Quantities of Alkali Required for Saponification of
Fats of Average Molecular Weight 670
by (Cocoanut O, Palmkernel 0il)

]

{
i

| vhpa | g | g
hﬂhl.l ' Sp.th.R 8p.Gr. 1.3 8p- Gr. 1.385

N-ox—rxox |m on. KOH |Na OH KOH NaOR{KOH

1876, lll xm o su. 61 san 306, 510.27 622 710 409.61) B17.97

3805.97| 1689. 85] 1860.70! 1020.54, 1245, 41’ 819.21] 1086.95

) 31921.04 uaou 1863.12 1228.82 1853.92

"ﬂ”l ‘[‘ll“ maoo 8721.39; 2041.01' 2490.88, 1688.43| 2071.80

L u nEig, ﬂ Fl‘l’ 4851, 'll 2851.35 B3113.54 2048.04] 2589.87
!

E

11254 Wit~ g . 3107834

131305, 138, 2.71' 6512 u 3571.88; 4358

15006.88'00. . .88 7442.78' 4082.15 4981,

16882~/ 22 \002.06! 873.13! 459242 G6A

18788, n'mn ;) 4078 9308.48] 610209 ezar.
1.’_..

66|

26| 3625.82
.86 4143.79
47( 4661.77
08| 6179.74

a us
??5.35

‘..

*Quantities of Alkali Required for Saponification of
Fats of Average Molecr™; ; Weight 860
(Talhw, Cotbonaeed 0 *yiive Oil, Ete. )

. Alloali w-m-u j‘mm Liters Alkali

Kilos sy.m.n lp.Or T2 8p. Gr. 13 spc:"l:s'u

|Ne Gt [ KOH N.on;xonlmo"lﬂxoxi Ne OB X0 R
|uuumua 618,06, 72401
2072 81| 2965.12 1916.12' 1449.61
418421, aaar. 0| 19%4.18! 31742

8.5 485130 919.11) 403,54
95.07] 910.27 38l 207,08
192.61, 1455 40, S57.34] 1210.61

u 1940.89, 1276 45" 161415

1
1
7412.79| 5290.30] 3624.08] 1

BITIIIIT
§

Y
8|
19%2.04/12343.02
14014, u{uu .88

IsH UG
H
[




SOAP-MAKING MANUAL

DENSITY AND STRENGTH OF SULPHURIC
ACID (SIDERSKY).

r AN
- . uivalent = s uivalent
oy W 3o WH
P R oA — | 3 & T
o “ ot - -

- RN BT
» o aq S0 89 E ° % 2'§ 'S
3 § wE T =° G Wl T e
g s °° wg =g 8 2 ° ap  wg

w ® w3 ©& a o .® %3 w8
1 1007 1.9 52.620 96.930 62 1308 40.2 1905 3.508
3 1.014 28 35710 66.450 64 l.x&: MW7 1821 3.354
4 1022 3.8 25650 47.230 66 1. 40 L1745 3214
6 1029 4.8 20.410 37.582 69 1.345 3444 1,665 3.085
8 1.037 5.8 16,670 30.690 71 135k 1 L8 o1 2085
9 1.045 6.8 14.085 25938 74 137/ ,42.9 1.558  2.869
10 1052 7.8 12.198 22.460 77 l.Jgg 883 1497 2757
12 1062 88 10755 19.803 80 1.3 49.8 1436 2,646
13 1.067 9.8 9.524 17.540 ||+ 82 l.4f0 51.2 1386 2551
15 1.075 109 8.547 15.740 B5 1.424 S52.¢ 1335 2459
17 1083 119 7.752 14.278 88 1.438 54.0 1287 2370
18 1,091 13.0 7.042 12.969 91 1.453 554 1.237 2270
20 1100 14.1 6452 11.882 94 1.468 569 1.195 2.200
22 1,108 15.2 5.953 14.962 97 1.483 583 1,156 2130
23 1116 162 5.526 10}77 100 1.498 59.6 1.116 .2.050
25 1.125 173 5.405 1954 103 1.514 61.0 1.080 1.980.
27 1134 185 476 8470 106 1.530 625 1.045 1.930
29 1142 19.6 4.465 8%23 108 1.540 640 1.010 1.860
30 1152 20.8 4.184 7.3 113 1.563 655 0.975 1.800
32 1Iv2 222 3876 7.0 116 1.580 670 0.950 1.740
34 1171 233 3.663 6.745 120 1.597 68.6 0317 1.69%0
36 1.180 245 3.541 6.52) 123 1.615 700 0.888 1.630
38 1.190 .25.8 58  5.999 127 1.634 71.6 0.855 1.570
40 1,200 27.1 3077 5.666 130 1.652 73.2 0.845 1.520
42 1210 284 2907 5.353 134 1.671 747 0.800 1.470
44 1220 296 2770 5.102 138 1.691 764 0.774 1.430
:8 1231 310 2618 4.865 142 1711 781 0749 1390

1241 322 2500 4.604 146 1.732 799 0722 1.320
S0 1.252 334 2392 4.406 151 1753 817 70.705 }.280
$3 1.263 347 2.283 4,205 155 1.774 84.1 0.672 235
55 1274 36.0 2179 4.012 160 1.798 86,5 0.639 1.19
§7 1,285 374 2.079 3.829 164¢ 1.819 89.7 - 0.609 %120
60 388 1988 3.661 168 1.842 1000 0.544 1.000




USEFUL INFORMATION
*“Densities of Potassium Carbonate Solutions

at 15 C (Gerlach)

80.Gr. | ofpue| Sp.Gr. |efsme| Sp.Gr. |ofmen

. Gr. pure . pure . T, pure

C R P | RCo,| T K60,
1.00914 1 | 1826 | 19 | 1.88279 ! 87
101820 | 2 | 1.19286 | 20 | 1.20a76 | 88
1.02743 8 | 12084 ; 21 | 1.40678 | 39
1.03658 4 | 12102 , 22 | 14180 | @0
1.04572 5 | 12269 | 23 | 1amod4 | a1
1.06518 6 | 128517 | 2 | 1438 | a2
1.064564 1 1.24676 26 1.45678 43
108 | 8 | 126681 i 26 | 1.46807 | &4
108887 | 9 | 126187 | 27 | 1.48041 | 45

1.09278 10 1.27898 28 1.49814 46
1.10268 1n 1.28999 29 1.50588 47
1.1128° 12 1.80106 30 1.51861 | 48
1.12219 18 1.81261 81 1.68186 | 49
1.18199 u 1.32417 82 1.54408 | 50
1.14179 15 1.33678 33 1.85728 | 51
1,16200 | . 16 1.84729 7] 15748 | &2

1.16222 17 1.36885 35 1.57079 | 68.024
1.17248 18 1.87082 88

*Constants of Certain Fatty Ac.ds and Triglycerides

Tigyomidor | Mol We. |l e, | P om7TRE
o i Pty | Gyowinn
284 890 9.78 | 10.34
282 884 95.70 1041
270 s 96.62 10.85
266 806 98.28 11.42
228 122 94.47 13,74
200 688 94.04 14.42
172 594 93.14 15.48
118 386 90.16 23.88
8 | .2 | ma ! e

ton,
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SOAP-MAKING

MANUAL

PERCENTAGES OF SOLID CAUSTIC SODA AND CAUSTIC
POTASH IN CAUSTIC LYES ACCORDING TO BAUME SCALE.

Degrees %
Baume. NaOH Kou

Degrees %

%
Baume. NaOH KOH

1.. 0.90
2. 1.70
3. 2.60
4. 3.50
5. 4.50
6. 5.60
7. 6.286
8. 7.40
9 8.20
9.20
N 10.10
| 10.90
13. 12.00
4........... 12.90
150000 .ol 13.80
L 14.80
17. 15.70
18. 6.50
19, 17.60
20. 18.60
21. 19.50
22 0.50
23 21.40
24, ..., 22.50
25 23.30

Gl \U-RINE (‘O‘\'IENT OF MORE COMMON Ol'lﬁ A\l)
FATS USED IN SOAP MA!\ING

H
ET

—g, o

P

8 T Sig

% gmgs

L2953

‘ |3l

Beef Tallow.... .... 10.7

Bone Grease. . 10.5

Castor Oil... 98

Cocoanut Oil, .. 13,9

Cocoanut Oil O vees

Corn Oil... 104

Cottonseed 10.5

Hog {irease., . 10.6

Horse Grease. 10.6

Olive Oil.. 10.3

()lwe Toots e

...... 11.0

'nlmkernel Oil. 13.3

Peanut Lo 104

Qoyn Bean Onl...... 10.4

i 10.0

Vembl Tallow.... 10.9

or Fat.

Acid in
cial

Average Free
Commer

“ Fatty

cerine in Qom

% Pure Gly-
mercial Oil.

—_
tato

M 0N DS
~wom

8— 9.8
10.5--10.8

SE54L vield SoapLye
“*80% Crude
Glycerine

-t e

OOt
i WnDtiN
o -.-MNT

=

Y

=

s
VL=

3
|
-
~
1
<S5

2.75
10.0 —12.25
13.12--13,5



USEIUL INFORMATION
*Table of Specific Gravities of Pure Commercial

Glycerine with Corresponding Percentage of
- Wlter. Temperature 15 C.

mimg —em -

8p. Gr.* Sp. Gr.

1.262 1160 38% Water
1.261 1167 g9
1.268 1166 40" "
1.265 L ar v
1.2616 LM er
1.250 LU @r v
12487 LT M
1.2450 TR L
L2ug 8" ¢ L1977 4g” "
121 9" v L1388 41"
1287° 10" v 11826 487 "
12 u” v 11804 49" ¢
12820 12" v TR L
tm o wr o | mooar
12245 16> ¢ L1z 8"
i L oM
L8 17" ¢ L4 B
1.2174° 18" 7 Lz s ¢
L4z 197 7 1100 g1 -
Lar  nv v IRTT R
L207  mv v L8 B
1203 22n e 11006 60" "
1204 ;v v 1.0 6" ”
s v v Lets " "
1195 e 10623 " "
L1928 28" ¢ Lo _sr -
11 2 v 1oses “s5
IRT I LI Lous %" *
1146 297 ¢ 1018 @1 "
L s 7 Loz s~
um e v 10168 s~
L1 s v 1047w
L1784 88" ¢ Lois s~
nam o Mo o1 se" ”
1168 3 ¢ Lo @ v
1165 86" 0053 98" "
18 ;v v 1.00 9%~
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*Table of Percentage, Specific Gravity and Besume

Degree of Pure Glycerine Solutions

CPONOV DTN AITAD T-BIBNCO

RAdARRNSIRARRRRRRARRRSA

zosanl.‘a.-‘ogs"ﬁ’zo’a’
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.....................
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USEFUL INFORMATION

b

*Table of Specific Gravities of Pure Glycerine Solu-

-and Percent Water

tions with Corresponding Beaume Degree

Beaume

: 8p.or.

Per cent
Water

ACNASRNNRRSRNRERR2RKN -

8p. Gr.

Per ot
Water







INDEX

A

Acetin  process for the deter-
mination of glyceial, 155,

Aad, Clupanadoni, 0,

Acid, Hydrochlorie, 111,

Acud, Laurie, 2.

Acid, Myrise, 2

Aad, Napthenie, 24,

Acid, Olac, 15, 9.

Acid, Palmit

Acid, Pime, 2

Resin, 144,

Stearie, 15, 19,

sulfurie, 112

Sylvge, 22,

Acid sapontfication, 120,

Arr bleaching of palm oil, 12

Albuminous  matter,  Removal
trom tallow, 6.

Alcohol, Deunatured, 82,

Alcohohe method for fiee alkali®
m softp, 132,

Alkali Tilve 681, indicator, 129,

Alkali, Total, determination of m
soap, 147,

Alkalio, 25¢

Alkaliy used in soap mahing,
Testing of, 134,
Amwalgantuor, 33,
sAnalysis,  Glycerine, Interna-
tivnal, 150. .

Analysis, Seap, 137,

Analysis, Standard methods for
fats and mls, 105-190,

Aquen s ~apu$’ﬁc.ﬂmn, 121,

Arachis wml, 79

Autoclave saponification, 118

Automuobile soaps, 41,

i
BRarrels, sampling, 168,
Baume seale, 25. N
Bayberry wax, ®se in shaving
® woap, 89. |
Bichronmte l‘mccs-. for glycerol
determination, 160,
Bleuching, Fullers’ earth process
for tailow, 4. }
Pleaching paim oil by hichro-
mate meth,

Rleaching galm ail by air, 12,

Buosshard Tuggenberg methad
for determination of free al-
hali, 140,

Iunching of soap, 5.,

c

Candchte, 96.

Candle tar, 125.

Carholic_soap, 77.

Carbon Dioxide, Formation of in
carhonate saponification, 45.

Catbonate, potassian, 29

Carbonate, saponification, 35, 45

Carbonate, sodium, 28.

Castile soap, 79,

Castor oil ferment, 121,

(‘astor ail, Use of in transparent
soaps, 83.

Caustic potash, 26.

Caustic potash, Electrolytic, 27.

Caustic soda, 26.

Changes in soap-making, 36,

Chemist, Importance of, 127.

“hipper, Soap, 32.

soap, 54.

p soap, Coll made, 55.

Chip soap, Unfilled, 56,

Chrome bleaching of palm oil, 9.

Cloud test for oil, Standaid
method, 182-183.

Clupanodonic acid, 20,

Cocoanut ail, 6.

Cold cream soap, 78,

Cobl made chip soaps, §5.

(old made toilet roaps, 72

(old made transparent soaps, e84,

Cold process, 35, 43

Colophony,#22.

(‘nlorin; soap, 75.

Copra, 7.

Corn oil, 14.

Corrosive sublimate, 78.

Cotton goods, Soaps used for,

103,
Cottonsecd oil, 14.
Cream, Shaving, 90.
Crude glycerine, 113.
Crutcher, 32.
Curd soap, 71.
Cutting ldale. 32,
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D
Detzermination of free fatty acid,

Determination of unsaponifiable
‘matter, 132,

Distillation of fnﬂv acids, 125.

Drying machine, 32.

E
Enzymes, 17.

hweger soap, 81.
Exllznai‘xnuon of fats and oils,

Fahrion's method for moisture,

.

Glycerine soaps, 83,

Glycerol content, lel of cal-
culahng actual, 159,

Glycerol  determination, Agetin
process, 155,
Glycerol determination, Bichro-

mate process for, 160,
(iraining soap, 30.

ircase, 21,
(irease, RBleaching, 2
Grinding soap, 34.

I

Hand Paste, 93.
Hard water, 29,
Hurdened oils in toilet soap, Use
o1,
ydrocarbon oils, 2.

Fats and oils, Examination of,
12

Fats and oils used in soap manu-
facture, 3

Fatty acids,

Fatty mds, Dmnlhuon of, 125,

Felr;lieutl. Splitting fats with,

Fillers for laundry soaps, 53.

Fillers for soap powders, 58.

‘imshmg chmgt. 36.

Fish_oils, 20

’loahni

Formaldehy: e soap, 78,

Frames, 31,

Free alkali in soap, Determina.
tion of, 139.

Free fatty acid, Determination

T ree iauy acids, Extraction from
tallow, 6,

Fiee fatty acid, Standard method
of dilu,, 174 Note on metilod,
188-189,

Fuk: boiled soaps,

Fullers® earth b‘eachmg of tal-
low, 4, «

Glycerides, 2,
Clyerine! atyss, 150

rine analysis 3
GI;::r ine chan ’36
('cher ne, Cru e, 113.
Glycernie |ln spent lyes, Recov-

ery o

GlyZnne in soap, Determination

Glycenne. Sampling crude, 162,
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oils,
;n rolysis of fats and oils, 17.
ydrolytic dissociation of soap,

Hydrmneters, 25,

1

Indicators, Action, 135-6.

Insoluble inpuritics in fatty oils,
Determinatisn _of  (Mandard
rlrelhod) 172. Nvte on method

Insoluble matter in soap, deter-
mination of, 143.

International committee on gly-
cerine analysis, 150,

Jodine manufacturing oil, 191.

lodine  memher  Wijs mclhod‘
Standard, 177-181." Nofe on
method, 191,

Todine svap, 78.

Joslin, ref., 113

K
“Killing"” change, 36.
Koettstorfer number (Standard
method), 181-182
Kontakt reagent, 117.
rebitz Process, 123.
Krutolin, 96,

..

Leiste & Stiepel method Jor
rosin in soap,

Licberfoann,  Storch reaction,
144,
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Ll‘hr:d powders, 4:-0.
Laundry sos.
LeBlanc, Process, 28,
“ewkqwitach, rei., 17, 146.
Lime saponification, 118,
Lime, * Use m Krebitz Process,

I.lme, Use m treatment of gly-
cerine water, 116.

Liquid medicinal soaps, 79,

Liquid soaps, 94.

Lyes, Spent, 37.

M

Magnesia, Use ine autoclave
saponification, 120,

Manganese sulfate, Use of as
catalyzer in l‘ermcm.mu eleav-
age of fats,

Marine soaps, 39

Medicinal soaps, 76.

Medicinal soaps, Less important,

Medicinal  soaps,
value of, 76.
Mellm oint of fat

53 method, 193,
Mereury soaps, o78. *
Metallic soa
Methyl orange mrllc.nlnr, 136.
Meyerheim, ref., 2
Mitt s0ap, 32
Mm{smre in soap, Determnation

o 3
Mou;hzre and \ol:ml(' matter in
s his  and  oils.

Therapeutic

or oil,

Oils and fat, Nature of used in
soap manufactur

Qils -nd fats, Rlncldlty of, 16.
il hardenin, l S

Oleic lcld l

Olein, 2, 19.

Olive oil, 14,

Ofive oil’ foots, 14.

Organoleptic methods, 127,

P
Palmatin, 2,
Palm_keruel oil, 8.
Palmitic acid, 2.
Palm oil, 8,
alm oﬂ air bleaching, 12.
’a;m oil, Chrome bleaching of,

Palm oil soap, 66.

Pearl ash, 2

Perfuming and coloring toilet
soats, 73.

D, 78.
Pﬂroi[ renuenl'. 117.
feilring reagent, 117,

Phenol,

*h hthal in, indicator, 38,
h hthal Using as indi-
cator, 51.

-“henolu, Soaps containing, 77.
Pinic acid, 22.

Plodder, 33,

Potash from wood ash, 27.
carlmnnle. 29,
Powiers, Tight, 6

nethod for detm. of I/(l.\nte
on  meth 184-185,

Mottle in map 81,

Mug shaviag soap, 90.

g

'Naphthu. Incorporation in seap,

N:pinhenic acids, 24,

Nigre, 36.
N:':‘r:n;l lclds. Fqulvahnt in al
kalis, 1

4 9
Oils nd fau.
Ollu d fats,

il hts Distinction, 1.
8!: ::d fats,’ Preserving, 18,

Chemical con-
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Powlers, acaurmg. 61,

Powders, Shaving, 90.

owders, Soap,

Precipitation test for treated
speft lyes, 110.

Prevention of rancidity, 18.
Pumice or sand soaps, 93,
Purple shade m Roap, 75

R

Rancidity of oils and fats, 16.
Rancidity, Prevention, 18.
Recnvery of glycerine from spent

106.
Red oil, 15.
Red oil, Saponified, 15.
Resi 'otal

n  aci faf and,
Determg:'hon of in l:‘lyp. 144,
Ribot. ref., 20.
Rosin, 22,
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Rosin, Determination of in soap,

Roe-iu‘ saponification, 23.
Run and glued up soaps, 69.
Run soaps, 39,

s

Sal roda, 29,
alt, 30.
Salting out, 30.
alt “pickle,” 37.
Sampling crude glycerine, 162
Sampling for standard methaod,
166. Note ou, 184,
Sampling oils and fats, 128
Sampling soap, 137.
Saponification by ferments, 121.
Saponification, Acd, 120.
Saponification, Aqueons, 121.
Saponification, Autoclave, 118,
Saponification, Carhonate, 45.
Saponification defined, 2, 105,
Saponification, Lime, 118,
Saponification number, 181-182.
Saponification, Rasin, 23.
Saponification, Various methods,

10 .

Scouring and fulling soaps for
wool, 98.

Scouring powders, 61.

Scouring soap, 61.

Semi-boiled laundry scaps, 49.

Semi-boiled process, 44,

Shaving cream, 90.

Shaving powder, 90.

Shaving soaps, 87.

Silica and silicates,
tion of in soap, 148

Silk dyeing, 102,

Sitk  industry,  Seaps

101,

Slabber, 32. X .
Smith method for moisture in
soap, ‘138..

Svap analysis, ].’if

Soap, Autumobile, 41,
Soap, Carbalic, 77.

Soap, Castile, 79.

Soap, Chip, 54,

Soap, Chip, cold made, S5.
Soap, Chip, unfilled, 56.
Soap, Cold cream, 78.
Soap, Coloring, 75.

Soap containing phenols, 77.
Soap, Curd, 71.

Sogp, Defined, 1.

Determina-

wgd in,

Soap, Determination insoluble
matter,

!‘n’)}:l‘{)‘j D(-lcrm.ining glycerine in,

Soap, Eschweger, 81.

Soap, Floating, 62.

Soap, Formaldehyde, 78.

Seap for wool, Scouring anmd
fulling, 98.

Soap, Full beiled, 35,

Suvap, Iodine, 78

Soup hettle, 31,

Soap, Laundry, 48

Soap, Liquid, 94

Soap lye cpude glycetine, 113,

Soap, Marine, 39,

Soap, Medicinal, 7o,

So;.:lg. Medicinal, less impmtaut,

Snap, Mercury, 78,

Soap, Metallic, 1.

Soap, Peroxide, 7

Soap powders, 56,

Soap, Pumice or ~and, 93,

Seap, Rosin cettled, 50.

Svap, Run and glied up, 69

Soap, Scouring, 61.

Soap, Semkbmicd Lobudiy, 19

Soap, Shaving, %7.e

Soap, Sulphur, 77

Soap, Tannin, 78.

Soap, Tar, 77. *

Soap, Test for color of, 133.

Soan, Textile, 98.

Soap, Toilet, 65. *

Soap, Tailet cheaper, 68

Sogpe Toilet, cold made, 72,

Soap, Toilet perfuming and col

orinﬁ: 3

Soap, Transparent, X2,

SQ:|4|), Transpagent, cold made
8

Sonx; used for cotton gouds, 1036
Soap used in the silk mdustiy,

101.
Soap, Witch hazel, 78,
Soap, Wool thiower's, 100,
Soap, Worsted finishing, 101,

Soda ash, 2&
Swlium carbimage, 28,
Sodium  perhorate, dse ¢t

soup powders, 57
Soft soape, 40. -
Soluble mineral matter detm, of
¢ in fats and oils, 173 Note on
method, 187-188.
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Solvay process, 28,

Soya henn oil, 14,

Spent lye, Recovery of glycerme
from,

Spent lyes, 37.

Spent lyes,  Treatment of for
%lycenne reumry. 107.

Spl lmmfl fats with ferments, 121,

Standard methods of analysis for
fats and oils, 165-196.

Starch and gelatine, Deterona
tion in soap, 143

Steatic acid, 15, 19,

Stearin, 2, 19.

Strengthening change, 3o,

Strengthening lIyes, 38.

Strunz crutcher, 63,

“uual in soap, Determination of,

Qm;.n-, Use m transpaent soap,
3.

Sulfate of alumma, Use of
spent lyes, 108,

sulphonated oils, 104.

Sulphur soaps, 77.

Sweating of soap, 62.

weet Vlllcr. 119.9

ylvic acig, €2

T

(737133

Tal ol 96
Tallo
lallaw. l-ullcrs earth bleachmg

f, 4.
Ialluw. Thproving color b
traction of free fatty aci b
Tannin soap, 78.
Tar soap, 77.
Test for color of soap, 133,
Testing of l]kdll! ased 10 'map
making, 1
Textile snnpsf 38
Titer, 130.
Lank’ cars, Sampling,
fictees, Samplng, 168,
‘ andard methad,
T te on, 189,
1mgml Nule one indine, num-
ber of, 1 L4

'o

100,
175,

Poilet soap, %

Taoilet somps, Cheaper, 68.

Toilet soap, Use o hnrdencd oils
ing 96.

'utal .nlk.nli. Determination of in

Tntal fatty “and resin auds De-
termination of in soap, 1

Train oils, 20,

Transparent soap, 82,

lr&nsparmt soap, Cold made,

lrowelmg soap, 52.

Tsujimoto, ref.,

Tubes fur lr.msp.nrcm soap, 85

Turkey red oil, 1

Twaddle scale, 25.

Twitchell method for rosin, 145

'lmtchcll process, 113

hell Ad

process, /
113,

u
Unsaponifisble matter, Determi
nation of in oils and fats, 132,
Unsaponifiable matter, Determi-
nation of in soap, 148,
Unsaponihable  matter,  determ-
l]\;:;lmn of by standard methd,
)

Vacuum Oven, Standard, 176,
Vegelable vils, 6.

w
Water, 29.
Water, Hard, 29.
Witch hazel soap, 78.
Wool thrower’s soap, 100.
Worsted finishing soaps, 101,

i 7.
Zind oxide, Use of in autoclave

saponification, 120
Zinc oxide, UUse of in soap, 1
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Agricultural Surveyor’s Handbook. Bright. Fcap. &vo
Agricultural Tenancies. Curtis and Gordon. Demy 8vo .
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Civil Engineering Types and Devices. Barber. Duny 8vo . . 0s
Olerk of Works. Metson. Crown 8vo . . ... 8se6d
Clock Repairing and Making. Garrard. Crown Svo . . . . 8s
Coal and Iron Industries of the United xmxdom. Meade. 8vo 21 8g
Coal Mining. Glover. Crown 8vo . . - ]
Coal Mining, Practical. Cockin. Crown S\o . . 68

Coal Mining Notes and Formulee for Students. Merivale, Small

Crown 8vo . . 3s6d
Cocoanut Cultivation. Lo;,bhn aud llmrhh y Su.\. Crown 8vo . 4s
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Volume JI. By-Produets. Demy 8vo . .. 108 6d
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Concrete for House, Farm, and Estate. Ballard. Dewmy 3vo . 85 6d
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Fretcutting, The Art of Modern, Makinson. Crown 8vo . ..
Founders’ Manual, TPayne. Crown 8vo. PR
Gas Engine, A Handbook on the, 1Haeder Jp Huskisson, 4lo
Gas Engine Handbook. Roberts. Ciown 8vo . . . .
Gas Engineers’ Pocket-Book. O’Counor. Crown 8vo.
Gas Manufacture, Chemistry of. *Royle. Demy 8vo . '
Gas and Oil Engino Management, Bale. Crown 8vo .
Mﬂin‘ and Appliances. Briggs and Henwood, Crown 8vu
Geometry of Compasses, i Byrne. Crown 8vo . . . .
Geometry for Technical Students. Sprague. Crown 8vo .
Gold Extraction, Cyanide Process of. Eissler. 8vo
Gold, Metallurgy of. Eissler. Medium 8vo . . o .
Gold Mining Machinery, Tinncy, Medium §vo . . . .

QGold«Working : Jeweller’s Assistanl, Gee. Crown 8vo . °.
Goldsmith’'s Handbook. Gec. Crown 8vo . -
Granites and our Granite Industries, Harris. (.rown 8vo
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Grasing. The Complete Grasier, and Farmer's and Catile Broeder's

Asgistant, Youatt, Fream and Bear. Royal 8vo .
= T ™idine tor Mining Students. Lodge and Harwood
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Handybooks for Handferatis. Huluek Crown 8vo.

Metal Turner’s Handybook 1s 6
ool T Bemihock. s o
0! s 6d

Ppttern Maker’s Handybook . 1z 64
Mechaniols Workshop Handybook s 6d
Model Engineer’s Handybook . 1s 8d
Clock Jobber’s Handybook . 1s 64
Cabinet Worker’s Handybook 1s 6d
Woodworker’s Handybook . . . . . 1s 64
Heat, Expansion of Structures by. Keily. Crown 8vo R ']

History : Mediceval Heresy and the Inquisition. Tuwhervme
Demy 8vo . * . 108 64

History : The Influence o! the meh lhvolnhon in Euluh
History. Brown. Demy 8

Hutory ¢ WWmntthnMs.w'ﬂ-lﬂl Mowat Demy svo 'nm

Hoisting hinery. Horner. Crown 8vo . 8s 6d

Hortioull Note-Book. Ncwsham. Fcap. 8vo . . 7 6d

Hot Water and Steam Heating and Ventilation. King. Med 8vo . 21s

House Owner’s Estimator. Simon. Crown 8vo . . 4
House Ppinting, Davidson. Crown 8vo . s 6d
House Pnning—Bow to Plan a House. Samson. Crown 8vo . ]
House Properf}. Tarbuck. r1zmo . . Ta6d
Houses, Villas, Cottages, and Bungalows tot Brltuhm nd Amulm
Abroad., Samson. Demy 8vo . .. ha6d

Hydraulic Power Engineering. Croydon Marks svo .. 1%
Hydrostatics and Pnenmatics, Handbook of. Lardner. Post 8vo .
Nlipminating and Missal Painting. Whithard. Crown 8vo .
‘Nlumination, Art of. Delamotte. Small 4t0 . .
Inflammable Gas and Va) in the Air. Clowes. (rown Bvo
Interest Calculator. Campbell Crown 8vo . . .
Internal Combustion Engines. Carpenter. Medium 8vo .
Inwood’s Tablef for Purchasing Estates. Schooling. Demy 8vo
' Iron and Metal Trades Companion. Downic .

Iron and 8teel Girders (Graphic Table for compupﬁtm of qal!hh)

Watson Buck. On a sheet .

Iron Ores of Great Britain and Ireland. Kcml.all (,rowu 3vo
Iron-Plate w ight Tables. Burlinson and Simpson. 4to
Trgigation (Pi ). Mawson, Demy 8vo . .

Jigs, Tools and Fixtures (Drawing and Design). Gates. men Bvo
Journaliggy. Mackie. Crown 8vo,

Labof®: Disputes, Coneilistion and Arbitration in. Jeans. Crown 8vo
Land Valuer’s Assistant. Hudson. Royal 32mo =

Lathe Design, Construction, and Operation. Pemaa Med svo
Lathe Work. Hasluck, Crown 8vo

Law : Every Man’s Own nm Bamster Large Crown Bvo

) Prires are net.
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Lead, Metallurgy of. Lissler. Crown 8vo . ¢ . .. 158
Leather . Harvey. Demy 8vo . . . . . | 15
Leather Manufacture. Watt. 8vo . . N [
Letter Painting. Badenock and Prior. Crowu Bvo . . . PR 1
Levelling, Principles and Practice of. Simms. 8vo . . . . 9
Lightning Conductors, Modern. Hedges. Medium 8vo , . . 8g

Limes and Cements. Dancaster. Large Crown 8vo . . . 75 6s
Liquid Fuels for Internal Combustion Engines. Moore. Demy 8vo 15s
Lockwood’s Builder’s Price Book. Crown 8vo . . Annually 7 6d
Locomotive Engine. Weatherburn. Crown 8vo . . . . 8s6d
Locomotive Engine Development. Stretton. Crown 8vo . . . B5g
Machine S8hop Tools. Van Decrvoort. Medium 8vo . . . . 88g

Magnetos for Automobilists. Bottone. Crown 8vo' . . . 2564
Marble and Marble Working. Renwick. Medium 8vo . . . 16s
Marble Decoration. Blagrove. Crown 8vo . . . . . . 4
Marine Elnxinou"]l Guide. Wannan and Lindsay. Lge. Crown 8vo.
n 2 vols.

Arithmetic . . .« New Ed. Preparing

Elementarys, Verbals, uui anmg: .« Nowkd. Preparing
Marine Engineer’s Pocket-Book. Wannan. 18mo . . . 7364
Marine Engines and Boilers. Bauer. Medium 8vo . . . . 95
Marine Gas Engines. Clark. Crown 8vo . . , . . 10s6d
Marine Bteam Turbines. Bauer. Medimn 8vo . . <. . 183 6d
Marine Works. Lathaw. Demy 8vo. . .. . Ncarly Ready
Masonry. Purchase. Royal 8vo . . .. B8
Masonry Dams from Inceptios to Gomplehon (ounm v, "#va 10s 64
Measures (British and American). Foley. Folio . 8s 6d
Measuring and Valuing Artificer’s Work. Dobson ad Tari, ,

Crown 8vo . . B b

Mechanical Engmeermg 'l'erms (Lockwood’s mcuomy of).

Horner. Crown 8vo .
Mechanical Engineer’s Poeket-Boqk Clnrk .md Pmslua Smal] bvo 7’ Bd
Mechanical Blndlmg and Storing of Material. Zimmcr. ¢ Royal

8vo ¢ . . . New Ld. Nearly Keady, about £3 35 ¢
Mechanies Co II ghes Crown 8vo. . .
Mechanics of Machinery. Weisbach. Royal 8vo. . . 258
Mechanics’ Workshop Companion. Templeton & Hutton. Fep. 8\0 7! 6d
Mensuration and Gauging. Maut. 18mo . 4
Metal Plate Work (Principles and Processes). Barrett, &y ¥ 8vo &.ﬁ

Metal-Turning. Horner. Large Crown 8vo oY 1y

Metrology, Modern. Jackson. Large Crown 8vo . . ;s 12séd
Military Observation Balloons. Widmer. Crown 8vo . . w16
Milk and Cream T.sting. Thomson and Lowe . New Ed. Preparing
Milling Machines. Horner. Medium 8vo e . . . 16
Mine Drainage. Michell. Royal 8vo . . . . . . . 2bs
Mine Rescue Work and Otmiuﬁon. Bulman and Mills. Demy 8vo 128

boan Pubhshcd Prices are nel.
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Mine Wuon and itsLubrication. DIamely. Medium 8vo. .
Mineral Property, The Valuation of. O’Donahuc. Demy 8vo
Minerals and Mining (Earthy). Davies. Crown 8vo .
Ilulq'lll and Mining (Me rous). Davies. Large (,rown B\o
and Metallurgists, Pocket-Book for. Power. Ieap. 8vo .
Miner’s Handbook Milne. Ieap. 8vo . ..
Mining, British. Hunt. Super Royal 8vo
Mining Calculations. O'Donaliue. Crown 8vo .
Mining Examination Questions (1,200), Kerr. Dem\ 8vo
Mining, Physics and Chemisiry of. Byrom. Crown Svo . .
i : Machinery for Metalliferous Mines. 1avies. Medium 8\0 2
1.
(

wt'ssEFes

—_—

Motor CI.l' Catechism. Kunight. Crown #vo .
Motor Car Construotion. Brewer. Demy 8vo
Motor Cycle Overhauling. Shepherd. Crown 8vo . .
Motor Lorry Design Construction. Schacfer, Medium 8vo . . 1l
Motor Vehicles. I'raser and Jones. Medium &o . . . ., 1
Museum of Bcience and Art. lardner . . .2
Kaval Archftect’s and Shipbuilder’s Pocket-Book. Mackrow and
Woollard. Ycap. 8vo . . I
Oils and Allied Substances. Wn;,ht. Demy Bvo New E d. Prtpnm
Oil-Field Development and Petroleum Mining. 'lhompson do.
Oil Palm, Cultivatjpn. Milligan. Small Crown 8vo . P |
Ore Deposjis ©f SBouth Africa. Johnson.
Part IL—The Witwatersrand and l’xlgtimmat Goldﬂelds an|
Similar Occurrences. Demy 8vo . . P
Packing-Case Tables. Kichardson Oblong 4to .
Paints : Their Chemistry and Technology. ‘Toch, Ru_\-nl 8vo .
Paper and its Uses. Dawe. (rown 8vo P 8]
»Paper-Making. Clapperton.  Crown 8vo P /]
8s
ol.
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Paper-Making. Watt. Ywwn 8vo . T
Paper-Making, Chapters on. DBeadle, 5 vol, Crown 8o, Per v
Pastrycook and Confectioner’s Guide. \Wells. Crown ¢vo. . .
Patent-night::|l|urdinghuru. Demy Svo . New Ld. Preparin
Pattern Making. Barrows. Crown &vo. . . . . e 14
Pattern Making. Horuer. Large Crown Svo . . . .
Petrol Air Gas. O'Comnor. Crown $r0. * . .° . | 2@
Petrolenm and its Substitutes, Chemixt.ry of. ‘Twhler and Chal-
Junger. Medium 8vo . . P U]
Poybleum, Ojp*Fields of Russia and the Russian Petroleum
o Indugtry. ” Becby Thompson. Royal 8vo . . . . .21
Pigments, An Artists’ Manual. Standage. Crown Svo . .
ment Industry. Brown. Medium 8vo  New Ld. Puptmn
Portland Cement, The Modern Manufacture oi. Weste Royal 8vo.
In 2 volumes. . . New Ed. Preparin
Pot Plant Culture. Dav idson. Crown 8vo. . . . . Nearly Read
Poultry Farming : Commercial. 'loowy Crown 8vo . P |

Al .I’ubhslmi Prices are nel.
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Propagation and Pruning. ‘Newsham. Demy 8vo
Prospecting. Merritt. Fcap. 8vo [
Prospecting for Gold. Rankin. Fcap. 8vo . . .
Prospector’s Handbook. Anderson. Small Crown 8vo .,
Pumps and Pumping. Bale. Crown 8vo . . .
Punches, Dies, and Tools. Woodworth. Medium 8vo
Radiodynamics. Miessner. Crown 8vo . . . .
Radiotelegraphy, Elements of, Stone. Crown $vo

Rating and Assessment. Webb. Demv Svo. . . . .
Receipts, Formulas, and Processes. 1li.ox. Medium &vo . . 21s
Recoil of Guns. Rausenberger. Translated by Slatert Demy 8vo 128 6d
Relrigerating and Ice-Making Pocket-Book. Wallis-Tayler. Cr. 8vo B8
Refrigeration, Cold Siorage, and Ice-Making. Wallis-Tayler. Med. 8vo 158
Reinforced Concrete Design Simplified. ¢(rammon & Dyson. Crown 4to 168
Road Construction and Maintenance. Goldsmuth. Medium Svo . 218
Roads : The Making of Highroads. Carcy. Cruwn 8vo . ‘. Sséd
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Root Carpentry. Colliuge. Crown Svo. . ... . ose6d
Rothamsted Experiments. Tipper. Crown b\u . 43
Rubber : its Cultivation and Preparation. John<on. New B, Pre /mnm
Rubber Hand Stamps. Sloane. Square 8vo .+ . e« 7s6d
Rubber Planter’s Note-Book. Brabam. Tcap. Svo . % 1. . bs
Safe Railway Working. Suctton. Crown Svo . .. 4z 6d
Safe Use of Steam. By an Engineer . . . . . . 8d
Sailmaking. Sadler. 4to . . lﬁl ed

Sanitation, Water Supply, and Sewuge Duponl o! Country Honm.
Gerbard. Crown %vo .

Savouries and Sweets. Mis- Allen. l(n}v Mn . 1-

w Mills, Bale. Crown bvo . . .o . 108 Gd
Screw Cutting for Engineers. I'ull. Crown h\ o . . 2s56d
Screw Threads. Ilasluck. Waist.oat-pocket s1z¢ A . 2
Sea Terms, Phrases, and Words. I, Fcap. svo € . 78 6d
Sewage, Purification of. Tarwise. Demy 8vo . . . . 128 6d
Sewerage of Sea,Coast Towns. Adaws. Demy §vo . . . I
Sewerage Systems. Watson and Herbert. Royal 5vo . . 125 6d

Sheet Metal Worker’s Instructor. Warn and lorner. Crown §vo 88 6d
Shipbuilding Industry of Germany. Felskowski. buper l\mal 4!0 105 6d
Bilver. The Metallurgy of. Eissler. Crown 8vo . 1%ad

Slide Rule. Hoare. Sm. Crown 8vo . . '.- « o8
Smoley’s Tables —1. Logarithms snd Squam . . . 2B
2. Slopes and Rises .. w2
8 Logmthmm-'rnlonomotrlo Tables . . . 6

Soap : The Modern Soap Industry. Martin . . . In lreparaiton
Soap-Making. Watt. Crown 8vo . P
Soaps, Candles, and Glyoerine. Lambarn Medium 8vo . . . b

All Published Prices are ne.
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Sotublitss of Inorgacto and Orgacio Substanoes. Seldell Med. Svo

Bpanish Grammar and Reader. Korth. Fcap. 8vo . . . &

Specification in Detail. Macey and Allen. Royal 8vo . .

Specification, A Short. Cypitt. Oblong Demy 4t0 . .

lmﬁom for Practical Architeoture. Bartholomew. Revised

« by Rogers. 8vo . .

Btanley, William Ford : mlﬂhlndWork. Inwards. Demy Bvo &

Statiopary Engines. Hurst, Crown 8vo .

Steam : The Application of Highly 8upexhnted stnm to Looo-
motives. Garbe. Edited by Robertson. Medium 8vo

Bteam Engine. Ilacder and Powles. Crown 8vo ... 10|

Bteam Engine. Goodeve. Crown 8vo . ... 6

Steam Engine (Porﬁble) Wansbrough. Demv 8vu .

Bteam Engineering in Theory and Prmﬁoo Hiscox and Harrison,
Medium 8vo .

Steel Research Commlthe’l Roport. I‘cap loho L. Bll
Steel Thermal Treatment. Urqubart. Medium Svo, . . Newly Re
Steel : Elliott’s Weights of Steel. Mcdinm 8vo ... 85
Stockowner’s Veterinary Aid. Archer. Crown 8vo . . .
Stone Quarrying—Practical. Greenwell and Elsden. Med. 8vo

Stone Working Machinery. Bale. Crown $vo . . 108

8trgins, 1Y Bo®k for the Calculation of. Hlumber. (.mwn 8vo 7
on“Biructures of Ironwork. Shiclds. 8vo

Btrumllne Kite Balloons. Sumncr. Medium 8vo . . . lﬂl
Structural Engineer’s Pocket Book. Andrews. Crownmo. .
Submarine Telegraphs. Bright. Super Royal 8vo . . . 48

Submaring Torpedo Boat. lloar. Crown &vo
SIPOI‘ Measurement. Mawkings., Crown Svo,

Suney Practice. Jadm*a vo . . . . . . . 12
Surveying. Whitelaw. DMy 8vo . . ... 1%
Burveying for Settlers. Crosley. Smull Clown Svo . . 7
Surveying Sheets for Proiomonal andé Educational Use. ()hlung

Royal 8w .18

' Surveying, Land and Marize, Haskoll. Iurgc Crown 8vo .
Surveying, Land and Mining. Leston. LarggCrown &0 . .
Surveying, Practical. Usill and Leston. Large Crown 8vo . 88
Surveying with the Tacheometer. Kennedy. Demy 8vo . . 128
Bynr': ield Book for Engineers and Mining Burveyors.

Haskoll. gLrown 8vo . . 128
Tauning Materials & Extract ll.nuhohln Hm'ey Dcmy Svo,
Tan actical). Rogers and Flemming. Medium 8vo  £2 128

(lynthoﬂn). Grasser aud Enna. Demy 8vo . .

Tea Machinery and Tea Factories. Wallis-Tayler. Medium svo . .
Technical Guide, lunm and Estimator. Beaton. Waistcoat-
©  pocket size . . °
Technical Terms : Entlilhhmh. Frenoh-Euush. " Flet her.

Waistcoat-pocket size . . .

. AW Published Prices are nel...



12 A Lzst of Books
Technical 'I‘arm Engluh-Germnn Gemn-LuM Horuer
and Holtzinam. Waistcoat-pocket size 3s
: English-Spanish, SMMh-Eulilh. Montewrdc
Waisteoat-pocket size . .

Telephones : their Constrnction, Inltdl:tlon. erlnx, Ouution.
and Maintenance. Radclilfe and Cushing. TFcap. 8vo, .
Telephones : Field Telephones and 'l‘elemplu for Arm Ule

Stevens. Crown 8vo . . .
Timber Merchant. Richardson, Tmp Hvo. . .
Timber Merchant’s Companion. Dowsing. Crown S\o .o al 6d
Tools for Engineers and Woodworkers. Horner. Demy 8vo . 108 6d
Toothed Gearing. Horner. Crown 8vo. . . New Fd. Preparing
Traverse Tables. Lintern. Small Crown 8vo L. 6d
Tropical Agriculture. Johnson. Demy 8vo .
Tunnelling. Prelini and Hill. Royal 8vo . . .
Tunnelling, Practical. Simms and Clark. Tmp. dva .
Tunnel Shafts. Buck. 8vo . . P
Upholstering. Bitmead. Crown 8vo . . .
Urban Traffic, Principles of. Stonc. Crown 8vo. . . .
Valuation of Real Property. Webb and IHunnings. Demy 8o 8s 6d
Valuation of Real Property. Lamputt. Crown 8vo . . . 236d
Valuation, Tabular Aids to. M’Caw and Lyous. Croen 8vo & . bs

-
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Vegetable Culture. Davidson, Ciown 8vo . . . U \early Rfady
Wages Tables. Garbutt. Square Crown 8vo . . . 68
Watchmaker’s Handbook. Saunier. Crown &o. . .. 125 6d
Watch Repairing. Garrard. Crown 8vo . . . . . . @s
Water Engineering. Slagg. Crown 8$vo L. ... Tsed
Water, Flow of. Schmeer. Medium 8vo . . . . % . 1§ .
Water Supplies. Rideal. Demy 8vo . . . . . . 8s6d®
Water Supply of Cities and Towns. Huwber? Tmp. 40 . .  £6 68
Water Supply (Rural). Greenwell and Curry. Crown 8vo 6s

Water Supply of Towns and the Construction of Wamorh.

Burton. Super Roval 8vo .. .. 288
Weight Cetculator. Harben, Royal 8ve . . . . . 258 ¢
Wire Ropes for Hoisting. ,Crown 4to . . . . . . .' 208
Wireless Telegraphy. Lxst'mc Murray. Demy 8vo  New Ed. I'repanng

Wireless Telegraphy (Framework of). Cadilbac. Demy 8ve . 88 6d
Wireless Telephones. Erskine-Murray. Crown 8vo 4\‘w Ld. Prepanng
Wireless Telephony. Ruhmer. Demy 8vo . . §d
Wood, The Seasoning of. Wagner. Royal 8vo . Y

Wood-Carving for Amateurs. By a Lady Crown 8vo . . 236d
Woodworking Machinery. Bale. Large (rown Svo . . . s 6d
Workshop Practice;-Modern. Pull. Large Crown 8vo . . . 16s
Works® Manager’s Handbook. Hutton. Mecdium 8vo . 18

All Pubhshe:l Prices are nel.
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PRACTICAL HANDBOOKS FOR HOME STUD

Issued by THE SMERICAN TECHNICAL SOCIETY.
Agents: CROSBY LOCKWOOD & SON.

NOTE.- -The Prices hercin quoled are bused on American Prit
and therefore subject to revision withoul nofice.

Air Brake. Tudy . .

Alternating-Current luchinery lsty .

Architectural Drawing and Lettering. Bourne

Armature Winding.* Motcton . .

Automobile Construction and Repair. Ilall

Automobile Ignition, Starting and Lighting. H.\) ward

Bank Bookkeeping, Swectland . .

Blueprint Reading. Faueficld and Kenison . oo Lo

Boiler Acceseories. Lclund . . . s

Bridge Engineering— Root Trusses. Dufour . -

Building and Flying an Aeroplane. uny\v.ml

Building Code. Fitzpatiick .o .o

Building Superintendence. Nic hols. . P

Bmlding upenntqdenoe for Reinforced Concrete Structures. I'ost
tendence for Steel Structures. Belden PR

Bumuu lish and Correspondence. Barrett . .

Carpentry. Townsend

Civil Engineering speciﬂeahom and Gontruts. Ashhmlge

Commercial Law. Chamberlain .

Compressed Air. Wightman . . .

acts Bpecifications. Nichols . .

sCorporation Accounts and Voucher System. Grithth .

Corporation Law. AblLubtg Spi mhu, .md bxlmoro

Cotton Spinning. Ilcdrick

Dams and Weirs, Bligh . .

Department Stqre Accounts, \\\co(lmd

Descriptive Astfonomy. Moulton .

Electric Railways. Lraveth .

Electric Lighting. llatison .

Electric and Gas Welding, Cravens .

Electroche! and Welding, UBurgess

Ele: u of Electricity. Millikau- .

Ely 8, Jal .
g, Wi |

Fire Insumnce Law. Jhrdy .

Fire, struction. I xtzpntnck

Ford®hr. Bayston . . L
i ernberg . . . . o - . @

Foundry Work. Gray .

Freehand and Perspective AWiDg, Everett

Gas and Oil Engines and Gas Producers. Marks

All Published Prices arc net.
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14 List of Books published by Crosby Lockwood and Son'.

Gasoline Automobile. Lunghced P :u
Wﬂuolim Tootors. Hayward . . . . 0. . iz
a 0 arrett .. . ]
Heating and Ventilation. Hubbard P
Hydraulle Engineering. Turneaure and Bla«* .. e . & 188
Interior Electric Wiring. Nelson ... e 18
Looomoﬁw Boilers and Engines. Ludv T Y
Machine Design. Wallace . P [
Machine Drawing. Griffin and Adams . . . . . . 14
Machine-S8hop Work. Turner and Perrigo . ... . 1bs
Mechanical Drawing. Kenison . [
Moter Testing and Electrical Measurements. Bushnell and Tumbull 128
Modern American Homes. Von Holst . . 168
Modern Land and Submarine Telegnphy. Macombex ... 68
Modern Road Construction. Byrne . R ™
Orders of Architecture. Bourne, Brown and Holst ... 188
Oxy-Acetylene Welding Kell. . ™
Pattern Making. Ritchey and Monroe P (-
Plumbing. Gray and Bdll . S ]
Portfolio of the Orders. DBourne, Browa, and Holst' . e. . 128
Power Stations and Transmissions. Shaad . . . .. 1%
Practical Aviation. Chas. B. Hayward. . . . . . . 248
Practical Bookkeeping. Griffith ~ . F . ()
Practical Mathematics. Nobbs and Waite . . . . . . 98
Railroad Engineering. Well . . .. e - e . 188
Bcsl Property Law. XKales .. . . . ey 158
ation. Atrowoorl . P 171
Concrete. Webb and Gibson ... L 128
Sewers and Drains. Marston and Fleming. . . - .. . 12
gll::tn %!l“t:l wi..:k ’l‘k‘ntmcker‘l Biectromasnets. iﬁ
otors, Transformers and Electromagnets. . . . . 18s
Stair Building and Steel Square. Hod;,son . A
Forms. Lee . e e e "
Steam Boilers, Care Operati PR T ™
Steam Boilers, comtruoﬁon and Desig-n l\uss ... .. 128
Steam Engines. Ludy . ... . b8
Steam Engine Indicators and Vlm Geau. Lmly .. - . B
Steam Turbines. Lcland . A A
steu conﬂxnctmn. Burt . L. . ... 188
rles Croc]lt? and Arendt . . . . . . “12s
lhenttll of urer PO ™
Structural Dn!tmg. Dufour . L e e 6s
Bnrvoylnx e 168
Adams . ... ]
Telnhony. Miller and M’Meen . NetAEd. Prepahig
i'valv.n Delitn Bemnm Shulor Y
Tool Making. Markbam . e v v em s 188
Trigonometry, Plane. McCarty ~ 6
Undnwﬂun’noq ments or Safe Eleotrical Installations, Pierce 93
How to Become a Wireless Openm Hayward .. 128
Woollu and Worsted Finishing. me . A T 1]
Woollen and Worsted Spinning. e v e e . . 1Bs

All Pubhshcd Itrm are net.



A SELECTED LIST OF
WEALE'S SCIENTIFIC AND TECHNICAL SERIES,

i Amncd ccodrulng to Subjects. All these Prices are net.

Acg) , Smith (116)
altural Sugveying, Scott (145)
nimal Physxcs, Lnnlucr
Part I (183) ..
Part I1 (184) .
Arches, Piers, &c., Blaml(nn
Architecture, "Ancient (128, l3u\
Design, Garbett (18 PN
Grecian, Aberdeen 130)
of Vitruvius, Gwult (nzx )
Orders, Leeds (10)
Orders and btyh-s. (10 |, '
Styles, Bury (17)
Amhltectuml Moddlmg Bachardson

127!
Arithmetic, Yuum,- (R4 )
Do. #o Key (8 “
Equational, Hipsley'(58) .
Blast(mg and Quarrywg, Bu:y.u ne
Boilarmaken'  Assistant,
(211)
Ready Kgt km\u, lul!l(\ (154)
B(KWl n:ﬁ&‘ Q
for Farm Woadman ('(m\ .
Boot and Shoe Making, Leno (202) .
Brass l-oundm% Grakam (162) .
B#( uttin, Setting, Hammond

(265)
Brlckl:lym;:’llammmnl (18:,) .
k, Walker (252) . . .

YBi dg?s (lmn) Pemdred (260) .

(Tubular aud Giraer), lmn[‘f‘“ 3
Building, Becketl (206)

Estates, Maitland (247) .

Science of, Tarn (207)
Caleulus,  Difterential,

-

Carpentry and’ lnlm TY, Tmlfold
Dlates, 4to (Lb. ).
Cattle, Sheep, & Horses, Burn ( 4 -)

l rmrlm:)

W wl‘hpus.s

216
n/(,

20
80
2o

/-
2/-

Decoration, Practical  House,
F“‘J'( 57) .
Draining Embanhng Smu (239)
Drawmg and
menh, Hulkcr(xGS) o .
Dwelling Houses, Brooks (1 £)
Fleotrie | Ll;hting, (’
l'( ) and Fences, Smu
241) . .
Fanmnchonom Bm (Iu) .
Foundations, &c., Dobson(
French Pnllshlng. Bitmecad (:Bx)
Fruit Trees, D Breusl (177) .

. Garden Receipts, Quin (233

* Gas Works IIuLItrx&O'Cmmw (zn')
- . Geology, lflsmnc(al Tale (173) .

Physical, Tate (174).
Geometi v, An.nlyhcal lhmt (90)
Descnptive, Heather (76) .
Plane, Heather (178)
Grafting and Budding, Balict ("11)
Hall-Marking of Jewellery, Gee (2 49) .
H.mdl.uhng and Stawrcasing, Col-
hings (230) . R
Health, Management of Baml(uz‘)
Honse Book (112, 112% 194) ., .
Decoration, Facey (z"y, 257) .
Manager (194) . H
Tluman Und(’rshndw;,-, Locke (ﬂa)

. lnlg.llmn and Water Supply, Scott
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Cements, Pastes, Glues, Standage (2"0) 3/b
Yol ,‘i GM .

Circular W try, (,oumgs
ess (224)

(258)
Cog lull(lmg,

Co s e 4 : Ficld (186) .
ring, grammar of, Field (t
Cmg‘;;_ouz b)'ut;(n):st and Annuitics,
Co Bmldlug. Alien (713 )

g, Hobday (232)
Dllry, Pigs and I’oulu'v, Burn (us)
Decoration.  Elemcntary House,
Facey(229) . . . ¢ .

3/6

3/0 .

4/-
3/6

4/6
2/6
2f-
2[6
2/6

]om;s lw.z] hy 'tmlders Chrnly
6) .
Kitchen Gmd«nlng Gl Inmv (20:) N
Land, Readv Rechoner, Arman (61) .
Lan(}udg])lslales Manigement, Bum
. 208 . . M
Light, Tarn (260). . 1
Loconotive Epgine Dnvuq, Rty-
nolds (255) .

In].m? Model, ]hnwlds (278) .

Togantkfus.

'
i
Law (~n4 .
Logic, Fimmens (150) . H
Machmery, Details of, €, ampm ("16) 3
Marine anncenu.,' I-lum'nlary,
Brewer (275) . :
Masonry and Stone-Cuttmg (-.-5)
Masting and Rigging, Kipping (s.
Materials & Construction, Camjm )

216,
Matgcm:)mtal !-Arumcnts, Heather

16! s e .
Mulh‘em?n-t‘i)c.nl ! Tnblcs, Law and ?
Young(204). . . . . !

All Pul:lished .Pn'ccs are net.



16 Lz.st of Books publzslwd y C roslw Lockwood ami Sow,

Mathemams, r‘empm (::7)

. Quantities & vcaumnents, oy &Y

Mcasures, Weights, and Mom'y~, 356)
oolkousz {221) . . 3/- Roads and Strer-ls Law, Unvls, and
Meat Prodluction, Feart {250) . 31 Tayler (19
Mechanical Engmeenng, Cnmpm ‘«'mlmakinz, A m;v (1; P U1
{223) 3/6  Sanitary®¥Youk, Slagg (26) .t 3 5
Medicine, l)nmcelu., (:uodmg (uz) 2/ age, brrigation, &c,, Burs (140w | 300
Mensmtation aud Measunug, Baker " ' .\ltc(t Mv)tal Workers' Guide, Crane '
93). 2 e . 2
Mineral’ Survevor’ Guh.lc, Lintern Shorng, l}laqrmw (z(u) .
195, Ce e 4/~ Silversmiths’ Handbook, Gee (2-5) 5-
Miming [ools, Morgans (172) 3. bl.nv and Slate Qn.ur)uu,, Davies
Morgans, Plates, 4m (172%) . 5- 214 . 36
Music, Spencer (69, 2/6  Smithy and l'nr;.c. (.mnc (*37) 3,0 ¢
Natutal 1'h|lo~uplw Tomlinson (..) 2/~ Sols, Manures, and Crops, Burn ( uo) 3
Navigation & Nautical Aalmnomy Stationary Ingiue Driving, Ke
Young (n9) . 3" (256) ! .. 5
Greenaood and Rasaﬂ( 5) 3’ Steamn Emzmt', 1 ardner { _u) N T2
Optical Instruments, Heather (xly)) 3/~ Surveying, Baker and Divon (o) . 34
Organ Bulding, Dickson (235) . 3.0 Insttuments, Heather (170) . PR I
l'.-nutlm.', e Art, (rullu:la and Subterraneons, Fenwick (1171 30
s(18x) . . . . . 86 Tree Planter amld l’mpagdlnr, Voad
l’ﬂsp«'ctm-, Prae (20) 20 (2og . 3-
Pranofor te, Spencer (71) . 1t Diner, H’uml('x 2!
Proucer Engmecning, l)uhsml (:n; . & \cuul‘\tmu of lnllnl.l:nu~, Burhan
Plastering, Kemp (273) . . . 3/ (271) . -
Plunlnng, Buckan (191) .. oq6 \\'n!cr‘ Power of, Glvnn H:) .. 0
Poeusmatics, Tomhnson (12) . . 2/~ Well Smbing, Swindell & Burnell
Portland Cement, Farja (248) . . 376 (31) . [P v . 3

WEALE’S EDUCATIONAL SERIES.

Euglish Grammar,; Clarhe (13) . . /- French Grammar, Strauss (21,

Greek Granunar, Hamiton (14). . 2/-  German Reader, Strauss (304
Lexicon, Hamilton — Hebrew Dicuonary, Bresslau-
Greek and English (15) . 2/ Hcbrew and Fuogheh 144
Enghsh and Greek (17) . s h Enghsh amd Hebiew 140}
Complete in 1 vol, . 0/« Heew Grayunan, Bressdaw (40%) L
Latiy Grammar, Goodic th (lq) . 2/~ Fiemch afd lu,,lt-h I'hrse ook
Dictionary, Goodwin— ! 47). 15
Latin and !'-‘,ngl!sh (m) . ‘6 Composiuon and l'nmludunn Bu-
Enghsh and Latin (22) . 2 nan (48) 2l
Cmuplcte m 1 vol. . 5/, Detivative Iﬂ\ghsh 8;' lluu:, Rm
Italian Gramnfaar, J. - (27} 2f- 1 botham (§9) . 2/-
Triglot chtmmrv. Flwes, E nl,h\h- Extempore Spealangy Lautain fsx) ;-
Yrench-Itahan (30) o 3/~ . Portguese Gramma, Fhees (55) . 2/6
French-Itallau-English l32) A1 Dictionary, Elies Ism e M
Spanish Gramar, Eloes (34) . . 2/6  Casar's Commentarics «  the Gillic
Dictionary, Elwes (35) « ., 30, War, Young.> . .. & 2/6

47, Published Drices are nel.
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