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PREFATORY NOTE.

The material contained in this work appeared several ygsin serial form in the
American Perfumer and Essential Oil Review. Owing tonilverous requests received,
it has been decided to now place before those interestes, dinecles in book form.
While it is true that the works pertaining to the soapngkndustry are reasonably
plentiful, books are quite rare, however, which, in a brief volumileclearly outline the
processes employed together with the necessary methodsalgéemnfrom a purely
practical standpoint. In the work presented the author tes@ted to briefly, clearly,
and fully explain the manufacture of soap in such languaget timght be understood
by all those interested in this industry. In many casesinaller plants find it necessary
to dispense with the services of a chemist, so that itaessary for the soapmaker to
make his own tests. The tests outlined, therefore, are giveimale as possible to meet
this condition. The formulae submitted are authentic, andany cases are now being
used in soapmaking.

In taking up the industry for survey it has been thought desiralfiest mention and
describe the raw materials used; second, to outline the preagfssenufacture; third,
to classify the methods and illustrate by formulae thepomition of various soaps
together with their mode of manufacture; fourth, to enumeletevarious methods of
glycerine recovery, including the processes of saponification, ithg té give the most
important analytical methods which are of value to control tbegss of manufacture
and to determine the purity and fitness of the raw materiatiag into it.

It is not the intention of the author to go into great detathis work, nor to outline to

any great extent the theoretical side of the subject, therréa make the work as brief
as possible, keeping the practical side of the subject beforeahd not going into

concise descriptions of machinery as is very usual in workkisrsubject. lllustrations

are merely added to show typical kinds of machinery used.

The author wishes to take this opportunity of thanking MessrS.. lLevy and E. W.
Drew for the reading of proof, and Mr. C. W. Aiken of the HaneAiken Co., for his
aid in making the illustrations a success, as well agotbo have contributed in the
compiling of the formulae for various soaps. He trusts that tork wmay prove of value
to those engaged in soap manufacture.

E.G. T.



January, 1922

Transcriber's note: This is a series of articles coliett® a book.
There are differences in spelling and punctuation in the difter
chapters (e.g. cocoanut in one chapter and coconut in another).
These differences were left in the text as they appeared.
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Raw Materials Used in Soap Making.

Soap is ordinarily thought of as the common cleansing agent wellrkttoeveryone. In
a general and strictly chemical sense this term isegppti the salts of the non-volatile
fatty acids. These salts are not only those formed by théi afledals, sodium and
potassium, but also those formed by the heavy metals arlohalkarths. Thus we have
the insoluble soaps of lime and magnesia formed when wepattenwash in "hard
water"; again aluminum soaps are used extensively in polishatgrials and to thicken
lubricating oils; ammonia or "benzine" soaps are employed arttenglry cleaners.
Commonly, however, when we speak of soap we limit it tostitBum or potassium salt
of a higher fatty acid.

It is very generally known that soap is made by combiningt @rfail with a water
solution of sodium hydroxide (caustic soda lye), or potassium hydroxidestiica
potash). Sodium soaps are always harder than potassium soapsgtbeidame fat or
oil is used in both cases.

The detergent properties of soap are due to the fact thasias an alkali regulator, that
is, when water comes into contact with soap, it undergoes$ iwhzalled hydrolytic
dissociation. This means that it is broken down by wateratiter substances. Just what



these substances are is subject to controversy, thougpriésemed caustic alkali and
the acid alkali salt of the fatty acids are formed.

OILS AND FATS.

There is no sharp distinction between fat and oil. By "oil"ltélyenan has the impression
of a liquid which at warm temperature will flow as a sligpdubricating, viscous fluid;
by "fat" he understands a greasy, solid substance unctuousttmuthe It thus becomes
necessary to differentiate the oils and fats used in the ntandaf soap.

Inasmuch as a soap is the alkali salt of a fatty abil,ofl or fat from which soap is
made must have as a constituent part, these fatty acids. Hymnocazls or paraffines,

included in the term "oil,” are thus useless in the prooéssoap-making, as far as
entering into chemical combination with the caustic alkalisdncerned. The oils and
fats which form soap are those which are a combinatioattyf &cids 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 trihydric alcohol, has three atoms of hydradach are replaceable
by three univalent radicals of the higher members of the fattig &cig,

OH OR
C3Hg OH + 3 ROH = GHs OR + 3 H0
OH OR

Glycerine plus 3 Fatty Alcohols equals Fat or Oil plus 3aéWat

Thus three fatty acid radicals combine with one glycerifferta a true neutral oil or fat
which are called triglycerides. The fatty acids which mosmmonly enter into

combination of fats and oils are lauric, myristic, palmigstearic and oleic acids and
form the neutral oils or triglycerides derived from theseg, stearin, palmatin, olein.
Mono and diglycerides are also present in fats.

SAPONIFICATION DEFINED.

When a fat or oil enters into chemical combination with onghefcaustic hydrates in
the presence of water, the process is called "saponifitadiosh the new compounds
formed are soap and glycerine, thus:

OR OH
C3Hs OR + 3 NaOH = GH5 OH + 3 NaOR
OR OH

Fat or Oil plus 3 Sodium Hydrate equals Glycerine plus 3 Soap.
It is by this reaction almost all of the soap used today dema

There are also other means of saponification, as, the hydrolyais oil or fat by the
action of hydrochloric or sulfuric acid, by autoclave and é&ynents or enzymes. By
these latter processes the fatty acids and glycerine ameidbtdirectly, no soap being
formed.



FATS AND OILS USED IN SOAP MANUFACTURE.

The various and most important oils and fats used in the man&adtsoap are, tallow,
cocoanut oil, palm oil, olive oil, poppy oil, sesame oil, soya hmkrcotton-seed oll,
corn oil and the various greases. Besides these the fatty st@dric, red oil (oleic acid)
are more or less extensively used. These oils, fats #igdatads, while they vary from
time to time and to some extent as to their color, odorcandistency, can readily be
distinguished by various physical and chemical constants.

Much can be learned by one, who through continued acquaintancéhesth oils has
thoroughly familiarized himself with the indications of a good a bi, by taste, smell,
feel and appearance. It is, however, not well for the manucin purchasing to
depend entirely upon these simpler tests. Since he isdtedrim the yield of glycerine,
the largest possible yield of soap per pound of soap stockhandeneral body and
appearance of the finished product, the chemical tests upon thiesf depend should
be made. Those especially important are the acid value, npggee unsaponifiable
matter and titer test.

A short description of the various oils and fats mentioned fecwuit for their use in the
soap industry.

Tallow is the name given to the fat extracted from the solidifdsuet” of cattle, sheep
or horses. The quality varies greatly, depending upon the seasthres y&ar, the food
and age of the animal and the method of rendering. It comes todtiest under the
distinction of edible and inedible, a further distinction beinglen@ commerce as beef
tallow, mutton tallow or horse tallow. The better qualgywhite and bleaches whiter
upon exposure to air and light, though it usually has a yellotinsha well defined
grain and a clean odor. It consists chiefly of stearin, palrand olein. Tallow 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 usuallgssary to produce as
white a product as possible. In order to do this it often isssacg to bleach the tallow
before saponification. The method usually employed is the FulHlarth process.

FULLER'S EARTH PROCESS FOR BLEACHING TALLOW.

From one to two tons of tallow are melted out into the blegctank. This tank is
jacketed, made of iron and provided with a good agitator destgn&d up sediment or
a coil provided with tangential downward opening perforationsaaddaw-off cock at
the bottom. The coil is the far simpler arrangement, moralgl@ad less likely to cause
trouble. By this arrangement compressed air which isyrealiential in the utilization of
the press (see later) is utilized for agitation. A deast coil in an ordinary tank may be
employed in place of a jacketed tank, which lessens the costaifatien.

The tallow in the bleaching tank is heated to 180° F. (82a ten pounds of dry salt
per ton of fat used added and thoroughly mixed by agitation. addgion coagulates

any albumen and dehydrates the fat. The whole mass is dlltmvsettle over night

where possible, or for at least five hours. Any brine wlinak separated is drawn off
from the bottom and the temperature of the fat is then re&ask60° F. (71° C).

Five per cent. of the weight of the tallow operated upon, ofFtifler'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 pdrdpectly to a previously
heated filter press and the issuing clear oil run directliggsodap kettle.



One of the difficulties experienced in the process is the heafinidpe press to a
temperature sufficient to prevent solidification of the fatwaut raising the press to too
great a temperature. To overcome this the first plate aetieby wet steam. Air
delivered from a blower and heated by passage through a eégeils raised to a high
temperature by external application of heat (super-heated)sigedinen substituted for
the steam. The moisture produced by the condensation of #me stevaporized by the
hot air and carried on gradually to each succeeding pladeewhagain condenses and
vaporizes. In this way the small quantity of water is cdrtlgough the entire press,
raising its temperature to 80°-100° C. This temperaturebsesjuently maintained by
the passage of hot air. By this method of heating the poor coviducf hot air is
overcome through the intermediary action of a liquid vaporthedatent heat of steam
is utilized to obtain the initial rise in temperature. A@at a small press economically
where conditions are such that a large output is not requireentire press may be
encased in a small wooden house which can be heated by sdda. The cake in the
press is heated for some time after the filtration is campteassist drainage. After such
treatment the cake should contain approximately 15 perfegrand 25 per cent. water.
The cake is now removed from the press and transferredstoall tank where it is
treated with sufficient caustic soda to convert the fat cortéo soap.

Saturated brine is then added to salt out the soap, the'$-abeth is allowed to settle to
the bottom of the tank and the soap which solidifies aftepd sme is skimmed off to
be used in a cheap soap where color is not important. The ligderneath may also be
run off without disturbing the sediment to be used in grainisgnéar cheap soap. The
waste Fuller's earth contains about 0.1 to 0.3 per cent. of fat

METHOD FOR FURTHER IMPROVEMENT OF COLOR.

A further improvement of the color of the tallow may be obtainedrésing it from a
portion of its free fatty acids, either with or without previouddtld earth bleaching.

To carry out this process the melted fat is allowed to sattleas much water as possible
taken off. The temperature is then raised to 160° F. avittsteam and enough saturated
solution of soda ash added to remove 0.5 per cent. of theaftgatids, while agitating
the mass thoroughly mechanically or by air. The agitation isru@d ten minutes, the
whole allowed to settle for two hours and the foots dravinTdfe soap thus formed
entangles a large proportion of the impurities of the fat.

VEGETABLE OILS.

Cocoanut Oil as the name implies, is obtained from the fruit ofcb@anut palm. This
oil is a solid, white fat at ordinary temperature, havingaadbltaste and a characteristic
odor. It is rarely adulterated and is very readily sapethifin recent years the price of
this oil has increased materially because cocoanut ndwsbeing used extensively for
edible purposes, especially in the making of oleomargarieseBRt indications are that
shortly very little high grade oil will be employed for soap mantire since the
demand for oleomargarine is constantly increasing and sincamethods of refining
the oil for this purpose are constantly being devised.

The oil is found in the market under three different gradesC¢{thin cocoanut oil, the
choicest oil comes from Cochin (Malabar). This product, beiageroarefully cultivated
and refined than the other grades, is whiter, cleaner@amtdinos a smaller percentage of
free acid. (2) Ceylon cocoanut oil, coming chiefly from Ceylsrygually of a yellowish
tint and more acrid in odor than Cochin oil. (3) Continentatoanut oil (Copra,



Freudenberg) is obtained from the dried kernels, the coprahwahgcshipped to Europe
in large quantities, where the oil is extracted. These #eedkls yield 60 to 70 per cent
oil. This product is generally superior to the Ceylon oil and iayused as a very
satisfactory substitute for Cochin oil, in soap manufacpn@sided it is low in free acid
and of good color. The writer has employed it satisfactamilhe whitest and finest of
toilet soaps without being able to distinguish any disadvantatieet€ochin oil. Since
continental oil is usually cheaper than Cochin oil, it is sabie to use it, as occasion
permits.

Cocoanut oil is used extensively in toilet soap making, usually in cbonedth tallow.
When used alone the soap made from this oil forms a latheh wbmes up rapidly but
which is fluffy and dries quickly. A pure tallow soap lath&esy much slower but
produces a more lasting lather. Thus the advantage of using cocdanwsoaip is seen.
It is further used in making a cocoanut oil soap by the coldepsoalso for "fake" or
filled soaps. The fatty acid content readily starts @y@onification which takes place
easily with a strong lye (25°-35° B.). Where large quantiteghe oil are saponified
care must be exercised as the soap formed suddenly ripg§oup and may boil over.
Cocoanut oil soap takes up large quantities of water, casesgyhaeen cited where a
500 per cent. yield has been obtained. This water of course aliteagain upon
exposure to the air. The soap is harsh to the skin, developgitaacid darkens readily.

Palm Kernel Oi] which is obtained from the kernels of the palm tree oftViérica, is
used in soap making to replace cocoanut oil where the Ipriee warrants its use. It
resembles cocoanut oil in respect to saponification aridriming a very similar soap.
Kernel oil is white in color, has a pleasant nutty odor wheshfrbut rapidly develops
free acid, which runs to a high percentage.

Palm Oilis produced from the fruit of the several species of the pakenon the western
coast of Africa generally, but also in the Philippines. TrsHroil has a deep orange
yellow tint not destroyed by saponification, a sweetish t@stean odor of orris root or
violet which is also imparted to soap made from it. Théhoas by which the natives
obtain the oil are crude and depend upon a fermentation, or gmtitpef Large
quantities are said to be wasted because of this fact. Thentains impurities in the
form of fermentable fibre and albuminous matter, and consdywavelops free fatty
acid rapidly. Samples tested for free acid have been found tddraized completely
and one seldom obtains an oil with low acid content. Becaiubes high percentage of
free fatty acid, the glycerine yield is small, though the mna¢uil should produce
approximately 12 per cent. glycerine. Some writers claim tlyaeghe exists in the free
state in palm oil. The writer has washed large quantitigseodit and analyzed the wash
water for glycerine. The results showed that the amount prekénbhot merit its
recovery. Most soap makers do not attempt to recover the iglgdeom this oil, when
used alone for soap manufacture.

There are several grades of palm oil in commerce, bubilet soap making it is

advisable to utilize only Lagos palm oil, which is the beatgr Where it is desired to
maintain the color of the soap this oil produces, a small fyafithe lower or "brass"

grade of palm oil may be used, as the soap made from tiiee gades of oil gradually
bleaches and loses its orange yellow color.

Palm oil produces a crumbly soap which cannot readily bedvaltel is termed "short.”
When used with tallow and cocoanut oil, or 20 to 25 per cent. natod, it produces a
very satisfactory toilet soap. In the saponification ofpalil it is not advisable to
combine it with tallow in the kettle, as the two do not readily. mix



Since the finished soap has conveyed to it the orange color oil tkiee oil is bleached
before saponification. Oxidation readily destroys the colorragter, while heat and
light assist materially. The methods generally employedbgréhe use of oxygen
developed by bichromates and hydrochloric acid and the direct bigattinough the
agency of the oxygen of the air.

CHROME BLEACHING OF PALM OIL.

The chrome process of bleaching palm oil is more rapid lamdxygen thus derived
being more active will bleach oils which air alone cannot. It dépe@pon the reaction:

NayCr,O7 + 8HCI = CpClg + 2NaCl + 70.

in which the oxygen is the active principle. In practicesifdund necessary to use an
excess of acid over that theoretically indicated.

For the best results an oil should be chosen containing undeic2rgeimpurities and a
low percentage of free fatty acids. Lagos oil is best adaptéhese requirements. The
oil is melted by open steam from a jet introduced through ting,lthe melted oil and
condensed water running to the store tank through two sieves (aBaotii/mesh) to
remove the fibrous material and gross impurities. The o8 thtained contains fine
earthy and fibrous material and vegetable albuminous maltiehwhould be removed,
as far as possible, since chemicals are wasted in thigiatama and they retard the
bleaching. This is best done by boiling the oil for one hour withsteam and 10 per
cent. solution of common salt (2 per cent. dry salt on weaifjbtl used) in a lead-lined
or wooden tank. After settling over night the brine and impuriéies removed by
running from a cock at the bottom of the vat and the oil is run out intdeaehing tank
through an oil cock, situated about seven inches from the bottom.

The bleaching tank is a lead-lined iron tank of the appraeirdanensions of 4 feet
deep, 4 feet long and 3-1/2 feet wide, holding about 1-1/2 tons.HHngecis one ton. A
leaden outlet pipe is fixed at the bottom, to which is h#da rubber tube closed by a
screw clip. A plug also is fitted into the lead outlet pfijen above. Seven inches above
the lower outlet is affixed another tap through which the oitasvd off.

The tank is further equipped with a wet steam coil andilaaranged to allow thorough
air agitation, both coils being of lead. A good arrangemetd isse one coil to deliver

either air or steam. These coils should extend as nearlgossible over the entire
bottom of the tank and have a number of small downward perforatmms, ® spread

the agitation throughout the mass.

The temperature of the oil is reduced by passing itodid0° F. and 40 pounds of fine
common salt per ton added through a sieve. About one-half of thé4&cipbunds of
concentrated commercial hydrochloric acid) is now poured in asdstfollowed by the
sodium bichromate in concentrated solution, previously preparadsmall lead vat or
earthen vessel by dissolving 17 pounds of bichromate in 45 poumdmesocial
hydrochloric acid. This solution should be added slowly and should oclrg®y iours,
the whole mass being thoroughly agitated with air during theieddind for one hour
after the last of the bleaching mixture has been introducedwibke mixture is now
allowed to settle for one hour and the exhausted chrome liquotseareun off from the
lower pipe to a waste tank. About 40 gallons of water are nowntarthe bleached oil
and the temperature raised by open steam to 150° to 160° maHlseas then allowed to
settle over night.

One such wash is sufficient to remove the spent chrome licprapletely, provided



ample time is allowed for settling. A number of washings givertessively with short
periods of settling do not remove the chrome liquors effegtu@ie success of the
operation depends entirely upon the completeness of settling.

The wash water is drawn off as before and the cldaupito storage tanks or to the
soap kettle through the upper oil cock.

The waste liquors are boiled with wet steam and thekiiraed from the surface, after
which the liquors are run out through an oil trap.

By following the above instructions carefully it is possildéteach one ton of palm oil
with 17 pounds of bichromate of soda and 85 pounds hydrochloric acid.

The spent liquors should be a bright green color. Should they be téwa ge brownish
shade insufficient acid has been allowed and more must be tddadler the whole of
the oxygen available.

If low grade oils are being treated more chrome will be negggba amount being best
judged by conducting the operation as usual and after the addititwe bichromate,
removing a sample of the oil, washing the sample and notingolbe af a rapidly
cooled sample.

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

To obtain success with this process the method of working givest be adhered to
even in thesmallest detail This applies to the temperature at which each operation i
carried out particularly.

AIR BLEACHING OF PALM OIL.

The method of conducting this process is identical with the ahymocess to the point
where the hydrochloric acid is to be added to the oil. In thifkedeno acid or chrome is
necessary, as the active bleaching agent is the oxygea aifth

The equipment is similar to that of the former process, exbepta wooden tank in
which no iron is exposed will suffice to bleach the oil Tihe process depends in
rapidity upon the amount of air blown through the oil and its evstrilglition. Iron
should not be present or exposed to the oil during bleaching retards the process
considerably.

After the impurities have been removed, as outlined under lit@me process, the
temperature of the oil is raised by open steam to boiling.stéam is then shut off and
air allowed to blow through the oil until it is completdieached, the temperature being
maintained above 150° F. by occasionally passing in steamllyjJsuton of oil is
readily and completely bleached after the air has beendoétmsmigh it for 18 to 20
hours, provided the oil is thoroughly agitated by a sufficient thdwir.

If the oil has been allowed to settle over night, it is abies to run off the condensed
water and impurities by the lower cock before agitating agairettens day.

When the oil has been bleached to the desired color, whictbeahetermined by
removing a sample and cooling, the mass is allowed to ,sttdewater run off to a
waste tank from which any oil carried along may be skichwié and the supernatant
clear oil run to the storage or soap kettle.

In bleaching by this process, while the process consumes tinegeand is not as



efficient in bleaching the lower grade oils, the cost oatiéng is less and with a good
oil success is more probable, as there is no possibility of amg @hrome liquors being
present in the oil. These give the bleached oil a green kiahwhe chrome method is
improperly conducted and they are not removed.

Instead of blowing the air through it, the heater oil mapioeight into contact with the
air, either by a paddle wheel arrangement, which, in congtantiing, brings the oil

into contact with the air, or by pumping the heated oil intelanated vessel, pierced
with numerous fine holes from which the oil continuously fldvegk into the vessel
from which the oil is pumped. While in these methods aghtliand heat act
simultaneously in the bleaching of the oil, the equipment redug too cumbersome to
be practical.

Recent investigatiofs in bleaching palm oil by oxygen have shown that not only the
coloring matter but the oil itself was affected. In bleagtpalm oil for 30 hours with air
the free fatty acid content rose and titer decreased coalsider

Olive Oil, which comes from the fruit of the olive trees, variesafly in quality,
according to the method by which it is obtained and accotdiribe tree bearing the
fruit. Three hundred varieties are known in Italy alone. Sthedarger portion of olive
oil is used for edible purposes, a lower grade, denaturederitured because of the
tariff, is used for soap manufacture in this country. dhevaries in color from pale
green to golden yellow. The percentage of free acid inothisaries greatly, though the
oil does not turn rancid easily. It is used mainly in the mactufe of white castile soap.

Olive oil foots, which is the oil extracted by solventteathe better oil is expressed,
finds its use in soap making mostly in textile soapsvashing and dyeing silks and in
the production of green castile soaps.

Other oils, as poppy seed oil, sesame oil, cottonseedpel 0if peanut (arachis) oil, are
used as adulterants for olive oil, also as substitutes im#reifacture of castile soap,
since they are cheaper than olive oil.

Cottonseed OQils largely used in the manufacture of floating and laundaps. It may
be used for toilet soaps where a white color is not desiregkllasv spots appear on a
finished soap in which it has been used after having beeodk atshort time.

Corn Oil and Soya Bean COdre also used to a slight extent in the manufactureilef t
soaps, although the oils form a soap of very little body. Tloaips also spot yellow on

aging.

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

Fatty Acidsare also used extensively in soap manufacture. While thensaapfacturer
prefers to use a neutral oil or fat, since from thesdyhproduct glycerine is obtained,
circumstances arise where it is an advantage to use thé&ftgacids. Red oil (oleic
acid, elaine) and stearic acid are the two fatty aoidst generally bought for soap
making. In plants using the Twitchell process, which consissplitting the neutral fats
and oils into fatty acids and glycerine by dilute sulphurid @cid producing their final
separation by the use of so-called aromatic sulphonic ahieise fatty acids consisting
of a mixture of oleic, stearic, palmitic acids, etc., ased directly after having been
purified by distillation, the glycerine being obtained from evaporatingvtish water.

Oleic acid (red oil) and stearic acid are obtained ugumlithe saponification of oils,
fats and greases by acid, lime or water under pressureitmh@&ing. The fatty acids



thus are freed from their combination with glycerine and solidgpn cooling, after
which they are separated from the water and pressetiigher or lower temperature.
The oleic acid, being liquid at ordinary temperature, tagethith some stearic and
palmitic acid, is thus pressed out. These latter acidssar@ly separated by distillation,
combined with the press cake further purified and sold ascstead.

The red oil, sometimes called saponified red oil, is oftemi-solid, resembling a soft
tallow, due to the presence of stearic acid. The distillsdare usually clear, varying in
color from light to a deep brown. Stearic acid, which reathedrade in slab form,
varies in quality from a soft brown, greasy, crumbly solid gfleasant odor to a snow
white, wax-like, hard, odorless mass. The quality of stearid is best judged by the
melting point, since the presence of any oleic acid Iswhs. The melting point of the
varieties used in soap manufacture usually ranges from 128° to 1R@d Bil is used in
the manufacture of textile soaps, replacing olive oil foots doapthis purpose,
chlorophyll being used to color the soap green. Stearic acid, benbard firm fatty
acid, may be used in small quantities to give a bettategof soap body and finish. In
adding this substance it should always be done in the crutcheryidsnot mix in the
kettle. It finds its largest use for soap, however, in the matutaof shaving soaps and
shaving creams, since it produces the non-drying creamy lathgneatly desired for
this purpose. Both red oil and stearic acid being fattysaceadily unite with the alkali
carbonates, carbon dioxide being formed in the reaction adngthod is extensively
used in the formation of soap from them.

RANCIDITY OF OILS AND FATS.

Rancidity in neutral oils and fats is one of the probléhessoap manufacturer has to
contend with. The mere saying that an oil is rancid is necatidn of its being high in
free acid. The two terms rancidity and acidity are ugualied. Formerly, the acidity of
a fat was looked upon as the direct measure of its rancithity.idea is still prevalent in
practice and cannot be too often stated as incorrect. Fatslanohy beacid, or rancid,

or acid and rancid In an acid fat there has been a hydrolysis of the fatitahds
developed a rather high percentage of free acid. A rancid daeisn which have been
developed compounds of an odoriferous nature. An acid and rancsddia¢ in which
both free acid and organic compounds of the well known disagreadtle have been
produced.

It cannot be definitely stated just how this rancidity takesglany more than just what
are the chemical products causing rancidity. The only conclusamohe may draw is

that the fats are first hydrolyzed or split up into glycemnel free fatty acids. This is
followed by an oxidation of the products thus formed.

Moisture, air, light, enzymes (organized ferments) andebacare all given as causes of
rancidity.

It seems very probable that the initial splitting of thesfis caused by enzymes, which
are present in the seeds and fruits of the vegetablenuilsissue of animal fats, in the
presence of moisture. Lewkowitsch strongly emphasizes this peoot he is
substantiated in his idea by other authorities. Others Hwt thacteria or micro-
organisms are the cause of this hydrolysis, citing the facthbgthave isolated various
micro-organisms from various fats and oils. The acceptanite dfacterial action would
explain the various methods of preservation of oils and fatthéyse of antiseptic
preparations. It cannot, however, be accepted as a certhattybacteria cause the
rancidity of fats.



The action of enzymes is a more probable explanation.

The hydrolysis of fats and oils is accelerated when theykowed to remain for some
time in the presence of organic non-fats. Thus, palm oil, Ignetes of olive oil, and
tallow, which has been in contact with the animal tissuafong time, all contain other
nitrogenous matter and exhibit a larger percentage of free &dtyrean the oils and fats
not containing such impurities.

Granting this initial splitting of the fat into free faticids and glycerine, this is not a
sufficient explanation. The products thus formed must be agted by air and light. It
is by the action of these agents that there is a furtti@nagoon the products, and from
this oxidation we ascertain by taste and smell (chemieanshare still unable to define
rancidity) whether or not a fat is rancid. While some autilesrtiave presumed to isolate
some of these products causing rancidity, we can only asswemprésence of the
various possible compounds produced by the action of air and ligbhwidlude oxy
fatty acids, lactones, alcohols, esters, aldehydes and other fgroduc

The soap manufacturer is interested in rancidity to thenexiethe effect upon the
finished soap. Rancid fats form darker soaps than fats in thehstate, and very often
carry with them the disagreeable odor of a rancid oil. Fyrtheancid fat or oil is

usually high in free acid. It is by no means true, howetat, rancidity is a measure for
acidity, for as has already been pointed out, an oil mayamed and not high in free
acid.

The percentage of free fatty acid is of even greater it@apoe in the soap industry. The
amount of glycerine yield is dependent upon the percentageeofafity acid and is one
of the criterions of a good fat or oil for soap stock.

PREVENTION OF RANCIDITY.

Since moisture, air, light and enzymes, produced by the preséneganic impurities,

are necessary for the rancidity of a fat or oil, the methafdpreventing rancidity are
given. Complete dryness, complete purification of fats and oils shorage without

access of air or light are desirable. Simple as these meaynseem, they can only be
approximated in practice. The most difficult problem is theonahof the last trace of
moisture. Impurities may be lessened very often by theotigesater care. In storing it
is well to store in closed barrels or closed iron taamksy from light, as it has been
observed that oils and fats in closed receptacles becarie tass rapidly than those in
open ones, even though this method of storing is only partiflined. Preservatives
are also used, but only in edible products, where their effecigesi@an open question.

CHEMICAL CONSTANTS OF OILS AND FATS.

Besides the various physical properties of oils and fats, asiaolor, specific gravity,
melting point, solubility, etc., they may be distinguished dbally by a number of
chemical constants. These are the iodine number, the acetyl sapenification
number, Reichert-Meissl number for volatile acids, Hehner nureibensoluble acids.
These constants, while they vary somewhat with any pkatiail or fat, are more
applicable to the edible products and are criterions whgr@@ulteration of fat or oil is
suspected. The methods of carrying out the analyses of oilsatndof obtain these
constants are given in the various t&kten oils and fats, and inasmuch as they are not
of great importance to the soap industry they are merely medtioere.



OIL HARDENING OR HYDROGENATING.

It is very well known that oils and fats vary in consisiemnd hardness, depending
upon the glycerides forming same. Olein, a combination of otaéitand glycerine, as
well as oleic acid itself largely forms the liquid portiofh oils and fats. Oleic acid
(C1gH3409) is an unsaturated acid and differs from stearic &Ci@gH3g0,), the acid
forming the hard firm portion of oils and fats, by containing @toms of hydrogen less
in the molecule. Theoretically it should be a simple mdtieintroduce two atoms of
hydrogen into oleic acid or olein, and by this mere addition cotigerd oleic acid and
olein into solid stearic acid and stearine.

For years this was attempted and all attempts to apply élekwown methods of
reduction (addition of hydrogen) in organic chemistry, suclrestment with tin and
acid, sodium amalgam, etc., were unsuccessful. In rg@ams, however, it has been
discovered that in the presence of a catalyzer, nickel ilyfitieided form or the oxides
of nickel are usually employed, the process of hydrogenating as ahdily attained
upon a practical basis.

The introduction of hardened oils has opened a new source ohagavial for the soap
manufacturer in that it is now possible to use oils in sodpmavhich were formerly
discarded because of their undesirable odors. Thus fish ootlawwhich had up to the
time of oil hydrogenating resisted all attempts of being peemidy deodorized, can
now be employed very satisfactorily for soap manufactureJafpanese chemist,
Tsujimotd3] has shown that fish oils contain an unsaturated acid ofdtposition
Cy1gH280,, for which he proposed the name clupanodonic acid. By the tataly
hardening of train oils this acid passes to stearic acdlthe problem of deodorizing
these oils is solveld!

At first the introduction of hardened oils for soap manufactaet with numerous
objections, due to the continual failures of obtaining a satfaproduct by the use of
same. Various attempts have now shown that these oils, panftiduardened train oils,
produce extraordinarily useful materials for soap making. Thepkae expensive
tallow and other high melting oils. It is of course impossiblemploy hardened oils
alone, as a soap so hard would thus be obtained that it wowldfibeltly soluble in

water and possess very little lathering quality. By the addafdt0-25% of tallow oil or
some other oil forming a soft soap a very suitable soap foreholts use may be

obtained. Ribd®! discusses this matter fully. Hardened oils readily saponifly be
perfumed without any objections and do not impart any fishy odan t@article washed

with same. Meyerheilfl states that through the use of hydrogenated oils the hardness of
soap is extraordinarily raised, so that soap made from hardettedseed oil is twelve
times as hard as the soap made from ordinary cottonseethisikdap is also said to no
longer spot yellow upon aging, and as a consequence of its haidradss, to contain a
considerably higher content of rosin through which lathering powercglor may be
improved. Hardened oils can easily be used for toilet soags ppsovided they are not
added in too great a percentage.

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

GREASE.

Grease varies so greatly in composition and consistency tlaat itacdly be classed as a



distinctive oil or fat. It is obtained from refuse, bonesleki etc., and while it contains
the same constituents as tallow, the olein content is coablglgreater, which causes it
to be more liquid in composition. Grease differs in colomfran off-white to a dark

brown. The better qualities are employed in the manufacturaunfitg and chip soap,
while the poorer qualities are only fit for the cheapest of saaped in scrubbing floors
and such purposes. There is usually found in grease a conkdanatunt of gluey

matter, lime and water. The percentage of free fatty agemerally high.

The darker grades of grease are bleached before being iseds fione by adding a
small quantity of sodium nitrate to the melted greaseaaiidting, then removing the
excess saltpeter by decomposing with sulphuric acid. A rbetethod 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 distilladbturpentine from the various
species of pines. The chief source of supply is in the Sté@sorgia North and South
Carolina. It is a transparent, amber colored hard pulverizabie. The better grades are
light in color and known as water white (w. w.) and winddasg (w. g.). These are
obtained from a tree which has been tapped for the first pesathe same trees are
tapped from year to year, the product becomes deeper and dar&eloinuntil it
becomes almost black.

The constituents of rosin are chiefly (80-90%) abietic acits@nhydride together with
pinic and sylvic acids. Its specific gravity is 1.07-1.08, mglpoint about 152.5 C., and
it is soluble in alcohol, ether, benzine, carbon disulfide, allsalis and acetic acid. The
main use of rosin, outside of the production of varnishes, lseiptoduction of laundry
soaps, although a slight percentage acts as a binder andefif@tiperfumes in toilet
soaps and adds to their detergent properties. Since it is ntaimgosed of acids, it
readily unites with alkaline carbonates, though the saponditasi not quite complete
and the last portion must be completed through the use of céwstiates, unless an
excess of 10% carbonate over the theoretical amount is used. ok B@® B. is best
adapted to the saponification of rosin when caustic hydratesrmployed for this
purpose, since weak lyes cause frothing. While it is sometimesidered that rosin is
an adulterant for soap, this is hardly justifiable, as it addke cleansing properties of
soap. Soaps containing rosin are of the well known yellowigsr common to ordinary
laundry soaps. The price of rosin has so risen in the lasiyéans that it presents a
problem of cost to the soap manufacturer considering the atriadich laundry soaps
are sold.

ROSIN SAPONIFICATION.

As has been stated, rosin may be saponified by the usékaline carbonates. On
account of the possibility of the soap frothing over, the kettiwhith the operation
takes place should be set flush with the floor, which ought tmbstructed of cement.
The kettle itself is an open one with round bottom, equipped witipan steam coil and
skimmer pipe, and the open portion is protected by a semianinail. A powerful grid,
having a 3-inch mesh, covers one-half of the kettle, the sharp pdgeuding upwards.

The staves from the rosin casks are removed at the edge ofttbetke rosin placed on
the grid and beaten through with a hammer to break it usmétl pieces.

To saponify a ton of rosin there are required 200 Ibs. ssliala600 Ibs. water and 100
Ibs. salt. Half the water is run into the kettle, boiletj ¢hen the soda ash and half the



salt added. The rosin is now added through the grid and tharentktoroughly boiled.
As carbon dioxide is evolved by the reaction the boilingoistinued for one hour to
remove any excess of this gas. A portion of the salt is gitachdded to grain the soap
well and to keep the mass in such condition as to favoretadution of gas. The
remainder of the water is added to close the soap and boditghued for one or two
hours longer. At this point the kettle must be carefully watcbe it will boil over
through the further escape of carbon dioxide being hindered. Thelmassgin a frothy
condition, will rapidly settle by controlling the flow of stealhe remaining salt is then
scattered in and the soap allowed to settle for two howutenger. The lyes are then
drained off the top. If the rosin soap is required for talps, it is grained a second
time. The soap is now boiled with the water caused bydneensation of the steam,
which changes it to a half grained soap suitable for pumping. Atsoapnade contains
free soda ash 0.15% or less, free rosin about 15%. The ntaes isumped to the kettle
containing the soap to which it is to be added at the progge.sThe time consumed in
thus saponifying rosin is about five hours.

NAPHTHENIC ACIDS.

The naphtha or crude petroleum of the various provinces in Europeisag, Galacia,
Alsace and Roumania yield a series of bodies of acid chatgme refining which are
designated under the general name of naphthenic acids. Theseamcidsained in
solution in the alkaline lyes during the distillation of thephtha in the form of alkaline
naphthenates. Upon adding dilute sulphuric acid to these lyes thehergues are
decomposed and the naphthenic acids float to the surface inilyanayer of
characteristic disagreeable odor and varying from yellowdwibin colof’). In Russia
particularly large quantities of these acids are employed im#mifacture of soap.

The soaps formed from naphthenic acids have recently beetigaved®! and found to

resemble the soaps made from cocoanut oil and palm kernal thigtithey are difficult

to salt out and dissociate very slightly with water. Thigetaproperty makes them
valuable in textile industries when a mild soap is requireddeteaigent, e. g., in the silk
industry. These soaps also possess a high solvent power foalndite and emulsify

very readily. The mean molecular weight of naphthenic acids #ieessis very near
that of the fatty acids contained in cocoanut oil, and likeetledscocoanut oil a portion
of the separated acids are volatile with steam. The iodimeber indicates a small
content of unsaturated acids.

That naphthenic acids are a valuable soap material is navgnieed, but except in
Russia the soap is not manufactured to any extent at the piesent t

ALKALIS.

The common alkali metals which enter into the formatiors@dip are sodium and
potassium. The hydroxides of these metals are usually usegt excthe so called
carbonate saponification of free fatty acids in which casdium and potassium
carbonate are used. A water solution of the caustic allkkakeawn as lye, and it is as
lyes of various strengths that they are added to oils antbfedem soap. The density or
weight of a lye is considerably greater than that of iatpending upon the amount of
alkali dissolved, and its weight is usually determined by a hydromiétisrinstrument is
graduated by a standardized scale, and while all hydrom&terdd read alike in a
liquid of known specific gravity, this is generally not the ¢asethat it is advisable to
check a new hydrometer for accurate work against one of knownaagcun this
country the Baumé scale has been adopted, while in Englanifiegerti graduation



known as the Twaddle scale is used. The strength of a lygya@odution is determined
by the distance the instrument sinks into the solution, andeakof the strength of a
solution as so many degrees Baumé or Twaddle which are relad pmint where the
meniscus of the lye comes on the graduated scale. Hydrometenaduated differently
for liquids of different weights. In the testing of lyes oneakihis graduated from 0° to
50° B. is usually employed.

Caustic sodas received by the consumer in iron drums weighing approxiyna@
Ibs. each. The various grades are designated as 60, 70, 74, 7B6/%ndThese
percentages refer to the percentage of sodium oxidgO)Na 100 parts of pure caustic
soda formed by the combination of 77-1/2 parts of sodium oxide22asd2 parts of
water, 77-1/2% being chemically pure caustic soda. There arerally impurities
present in commercial caustic soda. These consist of sadithonate, sodium chloride
or common salt and sometimes lime. It is manufactureldaying sodium carbonate in
an iron vessel with calcium hydroxide or slaked lime, orlbgteolysis of common salt.
The latter process has yet been unable to compete witbrther in price. Formerly all
the caustic soda used in soap making was imported, and itomgsthrough the
American manufacturer using a similar container to that bgefdreign manufacturers
that they were able to introduce their product. This prejuda® now been entirely
overcome and most of the caustic soda used in this countrnnisactured here.

CAUSTIC POTASH.

The output of the salts containing potassium is controlled alemdsely by Germany.
Formerly the chief source of supply of potassium compounds wadliemburned ashes
of plants, but about fifty years ago the inexhaustible salt moh&tassfurt, Germany,
were discovered. The salt there mined contains, besides ltreles and sulphates of
sodium, magnesium, calcium and other salts, considerable quardftipotassium
chloride, and the Stassfurt mines at present are pragtitedl entire source of all
potassium compounds, in spite of the fact that other localities bese sought to
produce these compounds on a commercial basis, especially bynttesl ($tates
government.

After separating the potassium chloride from the magnesihioride and other
substances found in Stassfurt salts the methods of manufactuagistic qpotash are
identical to those of caustic soda. In this case, however, dioneectrolytic caustic
potash may be purchased cheaper than the imported producgames itesults equal to
those obtained by the use of the imported article, opinions toothteary among soap
makers being many. Most of the caustic potash in the UnitgdsSis manufactured at
Niagara Falls by the Niagara Alkali Co., and the Hooker Eeh&gmical Co., chlorine
being obtained as a by-product. The latter concern employs the Tal\v@sénfor the
manufacture of electrolytic potash, and are said to have aityafmanaking 64 tons of
alkali daily.

Since the molecular weight of caustic potash (56) is greateitilasa of caustic soda (40)
more potash is required to saponify a pound of fat. The timgubotash soap is
correspondingly heavier than a soda soap. When salt is addegdtassium soap
double decomposition occurs, the potassium soap being transftonaedodium soap
and the potassium uniting with the chlorine to form potassidoridk. This was one of
the earliest methods of making a hard soap, especially in@bgrmwhere potash was
derived from leeching ashes of burned wood and plants.

SODIUM CARBONATE (SODA ASH).



While carbonate of soda is widely distributed in nature thecsooir supply is entirely
dependent upon the manufactured product. Its uses are many, buespesially
important to the soap industry in the so called carbongtengecation of free fatty
acids, as a constituent of soap powders, in the neutralizatiglycerine lyes and as a
filler for laundry soaps.

The old French Le Blanc soda process, which consists atingecommon salt with
sulphuric acid and reducing the sodium sulphate (salt cake)formed with carbon in
the form of charcoal or coke to sodium sulphide, which when treaitd calcium
carbonate yields a mixture of calcium sulphide and sodium cagh@plack ash) from
which the carbonate is dissolved by water, has been refddgcied more recent Solvay
ammonia soda process. Even though there is a considerabl®flessdt and the
by-product calcium chloride produced by this process is only partsigd up as a
drying agent, and for refrigerating purposes, the Le Blanc praees®t compete with
the Solvay process, so that the time is not far distant wieeformer will be considered
a chemical curiosity. In the Solvay method of manufactureusodihloride (common
salt) and ammonium bicarbonate are mixed in solution. Double dectimpasccurs
with the formation of ammonium chloride and sodium bicarbonate. latter salt is
comparatively difficultly soluble in water and crystalkzeut, the ammonium chloride
remaining in solution. When the sodium bicarbonate is heatedeldsy sodium
carbonate, carbon dioxide and water; the carbon dioxide is p@assemmonia which
is set free from the ammonium chloride obtained as above bymeat with lime
(calcium oxide) calcium chloride being the by-product.

Sal soda or washing soda is obtained by recrystallizing a@olatisoda ash in water.
Large crystals of sal soda containing but 37% sodium carboné&te raie.

POTASSIUM CARBONATE.

Potassium carbonate is not extensively used in the manufattswam It may be used
in the forming of soft soaps by uniting it with free fatigids. The methods of
manufacture are the same as for sodium carbonate, although damggrhquantity of

potassium carbonate than carbonate of soda is obtained from buardgdaphes.

Purified potassium carbonate is knowrpaarl ash

ADDITIONAL MATERIAL USED IN SOAP MAKING.

Water is indispensable to the soap manufacturer. In the aoegyfhard water is often
the cause of much trouble. Water, which is the best sokreawn, in passing through
the crevices of rocks dissolves some of the constituents of treb¢he water is known
as hard. This hardness is of two kintEmporaryand permanent Temporarily hard
water is formed by water, which contains carbonic acidgotiing a portion of calcium
carbonate or carbonate of lime. Upon boiling, the carboniciscidven from the water
and the carbonate, being insoluble in carbon dioxide free vietposited. This is the
cause of boiler scale, and to check this a small amount afrsabniac may be added to
the water, which converts the carbonate into soluble calciuwridél and volatile
ammonium carbonate. Permanent hardness is caused by calcidmtesulyhich is
soluble in 400 parts of water and cannot be removed by boiling.

The presence of these salts in water form insoluble loapsswhich act as inert bodies
as far as their value for the common use of soap is concéifiexte the percentage of
lime in water is large this should be removed. A method giyersed is to add about
5% of 20° B. sodium silicate to the hard water. This precigitdte lime and the water is



then sufficiently pure to use.

Salt known as sodium chloride, is used to a large extent in soap makitsgitong out”
the soap during saponification, as well as graining soaps. @o@marily soluble in
water is insoluble in a salt solution, use of which is madadying salt to the soap
which goes into solution and throws any soap dissolved irnyésedut of solution. Salt
may contain magnesium and calcium chlorides, which of coueseraesirable in large
amounts. The products on the market, however, are satisfatholy no detail is
necessary.

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

Besides these other materials are used in the refiningeddils and fats, and glycerine
recovery, such as Fuller's earth, bichromates of soda or potdghate of alumina,
sulphuric and hydrochloric acids and alcohol.

A lengthy description of these substances is not given, as their miodes are detailed
elsewhere.
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CHAPTER I

Construction and Equipment of a Soap Plant.

No fixed plan for the construction and equipment of a soapt gian be given. The
specifications for a soap factory to be erected or remodulext suit the particular
cases. Very often a building which was constructed for a purpties than soap
manufacture must be adapted for the production of soap. In edtbeiit is a question of
engineering and architecture, together with the knowledge obtain@@ctice and the
final decision as to the arrangement is best solved lonfemence with those skilled in
each of these branches.

An ideal soap plant is one in which the process of soapngakom the melting out of
the stock to the packing and shipping of the finished productesndownward from
floor to floor, since by this method it is possible to utiligevitation rather than



pumping liquid fats and fluid soaps. Convenience and economy are olitgisedh an
arrangement.

The various machinery and other equipment for soap manufactureelrknown to
those connected with this industry. It varies, of course, depgngion the kind of soap
to be manufactured, and full descriptions of the necessarkimeag are best given in
the catalogs issued by the manufacturers of such equipmentinwths country are
most reliable.

To know just what equipment is necessary can very easily belsgsby a brief outline
of the process various soaps undergo to produce the finishetk.akiter the
saponification has taken place in g@ap kettlehe molten soap is run directly into the
soapframes which consist of an oblong compartment, holding anywhere #0oénto
1,200 pounds, with removable steel sides and mounted upon truckehich it
solidifies. In most cases it is advisable to first run ¢bap into acrutcher or mixer
which produces a more homogeneous mass than if this operationittsdo Color and
perfume may also be added at this point, although when er lggttde of perfume is
added it must be remembered that there is considerable log® doatilization of
same. When arying machineis employed the molten soap is run directly upon the
rollers of this machine, later adding about 1.0% zinc oxide tcstiag@ from which it
passes continuously through the drying chamber and is emittddpiriotm ready for
milling. After the soap has been framed, it is alloweddol and solidify, which takes
several days, and then the sides of the frame are strgfjpddhe large solid cake is cut
with wires by hand or by slabberinto slabs of any desired size. These slabs are further
divided into smaller divisions by thmutting table In non-milled soaps (laundry soaps,
floating soaps, etc.), these are pressed at this stagdlyuspautomatic presses, after a
thin hard film has been formed over the cake by allowirtg diry slightly. In making
these soaps they are not touched by hand at any time during th&arpehe pressing,
wrapping and packing all being done by machinery. For a millag 8@ large slabs are
cut into narrow oblong shapes by means of the cutting tableatily pass into the
feeder of thechipper, the chips being spread uptrays and dried in ary houseuntil
the moisture content is approximately 15%.

The process of milling is accomplished by passing the ddad ships through soap
mill, which is a machine consisting of usually three or fauntiguous, smooth, granite
rollers operated by a system of gears and set far enough@pdlow the soap to pass
from a hopper to the first roller, from which it is conskagonveyed to each succeeding
roller as a thin film, and finally scraped from thetlasler to fall into themilling boxin
thin ribbon form. These mills are often operated in tandehich necessitates less
handling of soap by the operator. The object of milling is to ¢gineesoap a glossy,
smooth finish and to blend it into a homogeneous mass. Thexmercolor, medication
or any other material desired are added to the dried dwpp prior to milling. Some
manufacturers use @malgamatorto distribute these uniformly through the soap, which
eliminates at least one milling. When a white soap iagoeut through the mill, it is
advisable to add from 0.5% to 1% of a good, fine quality of zinc oxitieetsoap, if this
substance has not been previously added. This serves to removéaheslyeast and
any translucency occasioned by plodding. Too great a quantity obthisotind added,
later exhibits itself by imparting to the soap a dead wéyieearance. Inasmuch as the
milling process is one upon which the appearance of a finished ofatalet soap
largely depends, it should be carefully done. The number of tanesap should be
milled depends upon the character of a soap being worked. It shiobatnirse be the
object to mill with as high a percentage of moisture asiples Should the soap become
too dry it is advisable to add water directly, rathenthaet soap, since water can more



easily be distributed through the mass. As a generahstat it may be said it is better
policy to overmill a soap, rather than not mill it often enough.

After the soap has been thoroughly milled it is ready for ploddinglodder is so
constructed as to take the soap ribbons fed into the hopperdnsroga worm screw
and continuously force it under great pressure through a jackgtedec through which
cold water circulates in the rear to compensate the greduced by friction and hot
water at the front, to soften and polish the soap which pass$és solid form in bars of
any shape and size depending upon the form oshlping platethrough which it is
emitted. The bars run uponraller board, are cut into the required length by a special
cake cutting tableallowed to dry slightly and pressed either automaticallpy a foot
power pressin any suitable soagie. 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 manpasthefor the full
equipment of a modern soap plant, such as remelters, pumyrsspecial tanks,
power equipment, etc. As has been stated, however, ptaeticarience will aid in
judging the practicability as to installation of these. Vagous methods of powdering
soap are, however, not generally known. Where a coarse p@amddoe produced, such
as is used for common washing powders, no great difficuypsrienced with the well
known Blanchard mill. In grinding soap to an impalpable powder dfificulties
increase. The methods adapted in pulverizing soaps are by nfedisntegrators,
pebble mills and chaser mills. The disintegrator grinds by tmeiple of attrition, that
is, the material is reduced by the particles being causéedbagainst each other at
great velocity; a pebble mill crushes the substance by rubhbiegween hard pebbles in
a slowly revolving cylinder; the chaser mill first grinds thaterial and then floats it as
a very fine powder above a curb of fixed height. The last meghpdrticularly adapted
for the finest of powder (140 mesh and over).

CHAPTER Il

Classification of Soap-Making Methods.

In the saponification of fats and oils to form soap throughatfency of caustic alkalis,
as has been stated, the sodium or potassium salts of the mityeddids are formed.
Sodium soaps are usually termed hard soaps, and potassium sdapghesef are,

however, a great many varieties of soaps the appearanceogedties of which depend
upon their method of manufacture and the oils or fats used therein.

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

1. Boiling the fats and oils in open kettles by open stearn mwdefinite quantities of
caustic alkali solutions until the finished soap is obtainednarily namedfull boiled
soaps These may be sub-divided into (a) hard soaps with sodium byaksad base, in
which the glycerine is recovered from the spent lyes; (lr) baaps with soda as a base,
in which the glycerine remains in the soap, e. g., matowanut oil soaps; (c) soft
potash soaps, in which the glycerine is retained by the soap.

2. Combining the required amount of lye for complete saponiicaif a fat therewith,
heating slightly with dry heat and then allowing the sapaatifim to complete itself.
This is known as theold process



3. Utilizing the fatty acid, instead of the neutral fahd combining it directly with
caustic alkali or carbonate, which is incorrectly terroadbonate saponificatigrsince it

is merely neutralizing the free fatty acid and thus is reatpenification in the true sense
of the word. No glycerine is directly obtained by this methodt igsusually previously
removed in the clearage of the fat by either the Twitabreautoclave saponification
method.

In the methods thus outlined the one most generally employkd fsill boiled process
to form a sodium soap. This method of making soap requices @ttention and a
knowledge which can only be obtained by constant practice. The stoakgth of lyes,

heat, amount of salt or brine added, time of settling, etcalkbirdluencing factors.

The principles involved in this process are briefly these:

The fat is partly saponified with weak lyes (usually thobeained from a previous
boiling in the strengthening change are used), and salt isl addgain the soap. The
mass is then allowed to settle into two layers. The ugyer lis partly saponified fat;
the lower layer, or spent lye, is a solution of salt, glyceand, contains any albuminous
matter or any other impurity contained in the fat. This is kn@snthekilling or
glycerine change. Strong lyes are now added and the fat erg@ebnified, which is
termed thestrengthening chang&he mass is then allowed to settle and the fluid soap
run off above the "nigre." This operation is called the finisfinsshing change.

The method may be more fully illustrated by a concret@nple of the method of
manufacture of a tallow base:

Charge—
Tallow 88 per cent.
Cocoanut oil 10 per cent.
Rosin w. w. 2 per cent.

Amount charge 10 tons

About five tons of tallow and one ton of cocoanut oil are pumped omtarthe soap
kettle and brought to a boil with wet steam until it briskly esrthrough the hot fat. The
caustic soda (strengthening lyes from former boilings beysed here) is gradually
added by the distributing pipe, any tendency to thicken beingketieby the
introduction of small quantities of brine ("salt pickldf)the lye is added too rapidly the
soap assumes a granular appearance, indicating that theradditsame must be
discontinued. Water should then be added and the mass boiled thnotilgit again
closes. When the addition of the proper amount of caustic sodarieghés completion
the soap gradually thins. The steam is now cut down to aboutiomeftthe valve, and
brine is rapidly added or salt shoveled in. In ten to difteninutes the steam again
breaks through and, from the appearance of the soap, it caerbakether sufficient
brine has been added. A sample taken out by means of a long woaldiée gtzould
show the soap in fine grains with the lyes running from it clBlae steam is then shut
off and the soap allowed to settle from one and one-halfadtwrs. In all settlings the
longer time this operation is permitted to continue, theebeitll the subsequent
operations proceed.

The mixture now consists of a partly saponified layer of fmva the spent lyes. The
lyes are drawn off until soap makes its appearance axihgipe. The valve is then
closed and the soap blown back into the kettle by steam. TheHys obtained are
known asspent lyes from which the glycerine is recovered. They should show an



alkalinity of approximately 0.5 per cent. if the operation is casetarried out.
The remaining tallow is now added and the above operations repeated.

After the spent lyes have been drawn off, the soap is clegbdvater and the proper
percentage of rosin soap previously formed, or rosin itsedfided to the mass in the
kettle. More lye is then allowed to flow in until the mixéus up to "strength.” This is
usually tested by the "bite" on the tongue of a small coolegblga After boiling until
the steam comes through, the mass is grained with salfae lamd allowed to settle
one and one-half to three hours. These lyes, knowstrasgthening lyesre run to
storage to be used subsequently with fresh fat to take upathsic soda contained
therein.

The soap is now ready for finishing and is first boilectgh and tried for strength. A
drop of phenolphthalein (1 per cent. phenolphthalein in 98 per aenhol) is allowed

to drop on the molten soap taken up on a trowel. The rem sbbuld be instantly
produced and develop to a full deep crimson in a few secondspi@ lye must be
added until this condition is realized. Should it flash a deepson immediately it is on
the strong side. This cannot be conveniently remedied; iboBnserve as a guide for
the next boil, but in any case it is not of any serious consequeness ltrik too strong.

With the steam on, the soap is now examined with a trowedhainust be thoroughly
heated by working it about under the surface of the hot soap. The amgeafshe soap
as it runs from the face of the trowel indicates its camdlitilt is not possible to
absolutely describe the effect, which can only be properly gudyepractice, yet the
following points may serve as a guide. The indications todieed are the shape and
size of the flakes of soap as the sample on the trowekdbrgaand runs from the hot
iron surface, when the latter is turned in a verticaltfprsias well as the condition of
the iron surface from which the soap flakes have fallen.o&ecl soap will run slowly
into a homogeneous sheet, leaving the trowel's surface covetteda whin layer of
transparent soap; a grained mass will run rapidly down ingtiains, about one-half an
inch in diameter or less, leaving the hot trowel absolutelyTdrg. object of the finish is
to separate the soaps of the lower fatty acids from thibfeechigher, and both from
excess of liquid. A point midway between "open" and "closed" is medjuo arrive at
this point.

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

The stock thus obtained should be fairly white, depending upagrade of tallow used
and slightly alkaline to an alcoholic phenolphthalein solutibremoved at exactly the
neutral point or with a content of free fat the soap will so@nr later develop rancidity.
The soap thus obtained is an ordinary tallow base, andhéhbyofar greatest used in the
manufacture of toilet soaps. The percentage of cocoanut oil tedicsa not fixed and
may readily be varied, while in fine toilet soap the rosin islhg eliminated.

In the manufacture of full boiled soda soaps in which no glycesinebtained as a
by-product, it being retained in the soap itself, the soap formed ishkaswa "run” soap.
The process is used most extensively in the manufacture afersvaps by which the
method may be best illustrated. This soap is known as madap because of its
property of readily forming a lather with salt water asdmostly consumed aboard
vessels.

Marine soaps are manufactured by first placing in the kattalculated amount of lye



of 25 deg. to 35 deg. B., depending upon the amount of moistureddiesthe finished
soaps, plus a slight excess required to saponify a known waigiaicoanut oil. With
open steam on, the cocoanut oil is then gradually added, cagethkén that the soap
does not froth over. Saponification takes place readily and wheroil is entirely
saponified the finished soap is put through the process knowmaisig. This consists
in constantly pumping the mass from the skimmer pipe baoktla top of the kettle,
the object being to prevent any settling of the nigre or lye fiteensoap, as well as
producing a homogeneous mass. It is customary to begin the sapmmifica the
morning, which should be completed by noon. The soap is then run for Atemihburs
and framed the next morning. After having remained in tamdrthe time required to
solidify and cool, the soap is slabbed and cut into cakes. Thisspriscdifficult to carry
out properly, and one not greatly employed, although large quanfitiearme soap are
purchased by the government for use in the navy and must ¢elfitin specifications
required by the purchasing department.

In making potash soaps it is practically impossible to obaéayn glycerine directly
because of the pasty consistency of the soap, and nongragnpossible because the
addition of salt to a soft soap, as already explained, wawld fi soda soap. Large
quantities of soft soaps are required for the textile industriesdesire mostly a strong
potash soap, and the large number of automobiles in use at thet firasehas opened a
field for the use of a soft soap for washing these. A soaghipurpose must be neutral
S0 as not to affect the varnish or paint of automobiles.

A suitable soap for textile purposes may be made as follows:

Red oil 80 parts
House grease 20 parts
Caustic soda lye, 36 degs. B. 3 parts
Carbonate of potash 5-1/2 parts
Caustic potash 23-1/4 parts

Olive ail, corn oil, soya bean oil, olive oil foots or cottorsed may replace any of the
above oils. A large quantity of cottonseed oil will cause the soég.t

To carry out the process, the caustic potash and carbonptgéash are dissolved and
placed in the kettle together with the soda lye, and the amltded. This is most
satisfactorily accomplished by being finished the day leefoe boiling is begun. The
next day the boiling is begun and water added to bring the soap tne tdesired
percentage of fatty acid, due allowance being made for the vi@at@ed by the
condensation of the open steam in boiling. Care must be takehetsddp in the kettle
does not swell and run over during the saponification. A good prezeésito use open
steam for a period of about two hours, then close the valve lamdthk saponification
to continue without boiling, and repeat this until it is engirslponified. After the
saponification has been completed the soap is briskly boiledagl and the proper
corrections made; that is, if too alkaline, more oil is addedl, if free fat is present,
more potash. About 2 per cent. carbonate of potash is the proper aimoansoap
containing 50 per cent. fatty acid. The soap is sampledidwiag it to drop on a clean,
cold glass surface. In so doing, the soap should not slide aovdipthe glass surface
when pressed thereon, but should adhere to the glass, ood &kaline. A sample
worked between the fingers showing too much stringiness should rhares strong
potash and oil added. A sample taken out in a pail and allawedol over night will
serve as a guide as to the body of the soap in the kettle. \Mhexodp has thus been



properly finished it is run into barrels.

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

Corn oil 1,000 parts
Potash lye, 31-1/2 degs. B. 697 parts

Proceed as in the directions just given for textile sogplaning charge in the kettle.
When the kettle is boiling up well, shut off the steam and #porsfication will
complete itself. The soap may be run into the barrels thedagxt

A heavy soap with a smaller percentage of fat may be made@sdoll

Corn oll 1,000 parts
Potash lye, 24-1/2 degs. B. 900 parts

Boil until the soap bunches, and shovel the finished soap inteldddpon standing it
will clear up. By the addition of more water the yield oagger pound of oil may be
run up to 300 per cent.

After soft soaps have been allowed to stand for some timphtaieomenon known as
"figging" often occurs. This term is applied to a crystallike formation, causing spots
of a star-like shape throughout the soap. This is undoubtedly dhe stearine content
of the soap crystallizing out as it cools, and forming thEesauliarly-shaped spots. It
more generally occurs in the winter and may be producedcedtifi by adding a small

quantity of soda to the potash lye before saponification.

The oils usually employed in the manufacture of potash soaptomseed oil, corn
oil, soya bean oil, olive oil foots, red oil, cocoanut oil, geeasd the various train oils.
The usual percentage yield is from 225 per cent. to 300eper, based upon the weight
of oil used. In calculating the weight of a soft soap it idéoremembered that since
potassium has a higher molecular weight (56) than sodium (40), tfesponding soap
formed is that much greater in weight when compared w#bdium soap. Rosin may
be added to soft soaps as a cheapening agent.

COLD PROCESS.

The cold process for manufacturing soap is the simplesioohethsoap making, and the
equipment required is small when compared to the other metiAdidshe more
expensive equipment that is necessary is a crutcher, a tdrdtahe lye, frames, a
slabber or cutting table, and a press. Yet, in spiteeoimplicity of thus making soap,
the disadvantages are numerous for the production of a good piec@.of seajreatest
difficulty is to obtain a thorough combination of oil or aid lye so that there will not
be an excess of one or the other in the finished soap. At itsthme is either a
considerable excess of free fat which later exhibits itselproducing rancidity or
uncombined caustic, which produces an unpleasant effect on theitsimthe soap is
consumed for washing. The latter objection, of course, can onppked to toilet
soaps.

Cocoanut oil is used very largely in the manufacture of coldensoaps as it is well
adapted for this purpose, although it is by no means trueothar oils may not be
employed. Since by this process of manufacture no impurity codtairibe fat or oil is

removed in the making of the soap, it is necessary thatlar ¢o obtain a fine finished
product, any impurity contained in these may be removed if preseghgtdhe fats be as



pure as can be obtained. If inedible tallow is used for c@de soap, it is advisable to
bleach it by the Fuller's Earth Process.

The carrying out of this method is best illustrated by aanmgte of a cold-made
cocoanut oil soap.

Charge:
Cochin cocoanut oil 846 parts
Lye (soda), 35 degs. B. 470 parts
Water 24 parts

The oil is run into the crutcher and the temperature of ilh&ised to 100 degs. F. by
dry steam. The lye and water are at room temperatdier. 2l the oil is in the crutcher,
the lye and water are slowly added to prevent any grainingeo$dap. Toward the end
the lye may be added more rapidly. When all the lye is entass is crutched for about
three hours, or until upon stopping the crutcher a finger drawntbeesurface of the
soap leaves an impression. If this condition is not realthedsoap must be mixed until
such is the case. Having arrived at this point, the mixtudedpped into a frame which
should remain uncovered. The heat produced by the further spontaapongication
will cause the soap to rise in the middle of the frameerAfaving set for some days it is
ready to be slabbed and cut into cakes.

A potash soap may be made by the cold process just as rasdilgoda soap. Soaps of
this type may be made by either of these formulae in a crutche

Olive oil foots 600
Potash lye, 18 degs. B. hot, 20 degs. B. cold 660

or
Corn oil 800
Rosin 200
Potash lye, 27 degs. B. 790
Water 340

Heat the oils to 190 degs. F., add the lye and crutch untibtetsegins to bunch, when
it is ready to be run into barrels where the saponificatidifo@icompleted.

Semi-boiled soaps differ from those made by the cold procesmjetature. In making
semi-boiled soaps the fats are usually heated to 140° Fdtitea of the lye raises the
temperature to 180°—200° F. when saponification takes place.

CARBONATE SAPONIFICATION.

The method of the formation of soap by the utilization offdtey acid directly, from
which the glycerine has already been removed by some methogawiifgzation other
than with caustic soda, and neutralizing this with alkali,pecoming increasingly
popular. The glycerine is more easily recovered from a previeasage of the fats or
oils, but a soap made from the mixed fatty acids thus obtasnseldom white in color
and retains an unpleasant odor. Since soda ash or sodium carisooh&aper than
caustic soda and readily unites with a fatty acid, it eduss the alkali in the carbonate
saponification. The process is similar to that already givenrurdsin Saponification.



About 19 per cent. by weight of the fatty acids employed of 5&eet. soda ash is
dissolved in water until it has a density of 30 degs. B.,thadsolution is run into the
kettle, which is usually equipped with a removable agitator.fattg acids, previously
melted, are then slowly added while the mixture is boilati wpen steam and agitated
with the stirring device. The fatty acids instantly uniiéhvthe carbonate and rise in the
kettle, due to the generation of carbon dioxide, and care Ineuskercised to prevent
boiling over. After all the fatty acid has been added, andnass is boiled through the
saponification must be completed with caustic soda, as teeas iyet no practical
method known which will split a fat entirely into fatty acidaglycerine. Thus about 10
per cent. of the fatty acids are true neutral fats and eequaustic soda for their
saponification. This is then added and the soap completed, as inifatd-boaps.

In carrying out this method upon a large scale, large suetidethal\doroteer
\Neanderthal\Josephine\ quantities of carbon dioxide are formmeagdthe boiling of
the soap, which replaces a quantity of the air contained th@tsenkettle room should
therefore be well ventilated, allowing for a large inflofsfresh air from out of doors.

CHAPTER IV

Classification of Soaps.

In considering the many different varieties of soaps, thessdication is purely an
arbitrary one. No definite plan can be outlined for any padiclirand to be
manufactured nor can any very sharp distinction be drawnebetthe many soaps of
different properties which are designated by various nahés.really a question to
what use a soap is to be put, and at what price it may te Buotre is, of course, a
difference in the appearance, form and color, and then #inersoaps of special kinds,
such as floating soaps, transparent soaps, liquid soaps, eto.theuitimate sense they
are closely allied, because they are all the same chkeeompound, varying only in
their being a potash or soda soap, and in the fatty adidsh enter into combination
with these alkalis. Thus we can take a combination of tadlodvcocoanut oil and make
a great many presumably different soaps by combining theseasoéstwith caustic
soda, by different methods of manufacture and by incorporating ugarather
ingredients, as air, to form a floating soap, alcohol to naakkansparent soap, dyestuffs
to give a different color, etc., but essentially it is theesaefinite compound.

The manufacturer can best judge the brand of soaps he desimasutacture, and much
of his success depends upon the name, package, shape, color or méréuceke of
soap. It is the consumer whom he must please and many of thediirgelands upon
the market today owe their success to the above mentioneld.dEt@ great majority of
consumers of soap know very little concerning soap, excepat¢héhfat it washes or has
a pleasant odor or looks pretty, and the manufacturer of soapstudgtthese phases of
the subject even more carefully than the making of the soap itself.

For a matter of convenience we will classify soap under thresrgetivisions:
I. Laundry soaps, including chip soaps, soap powders and scouring soaps.
Il. Toilet soaps, including floating soap, castile soap, ligoaps shaving soap, etc.

[ll. Textile soaps.



LAUNDRY SOAP.

The most popular household soap is laundry soap. A tremendous amthiatswiap is
consumed each day in this country, and it is by far manufactutadyer quantities than
any other soap. It is also a soap which must be sold chéaperany other soap that
enters the home.

The consumers of laundry soap have been educated to use a full btlieztiresin soap
and to make a good article at a price this method shouldrbedcaut, as it is the one
most advisable to use. The composition of the fats entariaghe soap depends upon
the market price of these, and it is not advisable to keepn& formula in the
manufacture of laundry soap, but rather to adjust the variousirigttydients to obtain
the desired results with the cheapest material thabegsurchased. It is impossible to
use a good grade of fats and make a profit upon laundry soap @idhet which it
must be retailed. The manufacturer of this grade of soap mustdaihe by-product,
glycerine, for his profit and he is fortunate indeed if he realthe entire benefit of this
and still produces a superior piece of laundry soap.

SEMI-BOILED LAUNDRY SOAPS.

It is advantageous at times to make a laundry soap by a metieydtan the full boiled
settled soap procedure as previously outlined. This is iedlgabe condition in making
a naphtha soap, in which is incorporated naphtha, which isveétile and some of the
well known manufacturers of this class of soap have adopted thgegsr entirely. A
laundry soap containing rosin cannot be advantageously made by the coss pasdbe
soap thus made grains during saponification and drops a poftihe lye and filling

materials. By making a semi-boiled soap this objectioavesrcome. The half boiled
process differs from the cold process by uniting the fats alkdlis at a higher
temperature.

To carry out this process the following formulae have been foyrekperience to give
satisfactory results.

l. Ibs.
Tallow 100
Rosin 60

Soda Lye, 36°B. 80
Il

Tallow 100

Rosin 60

Silicate of Soda 25

Soda Lye, 36°B. 85
.

Tallow 100
Rosin 100
Lye, 36° B. 105

Silicate of Soda 25



Sal Soda Solution 20

In any of these formulas the sodium silicate (40° B.) mayinoreased to the same
proportion as the fats used. By so doing, however, twenty pounds$ & 36 must be
added for every hundred pounds of silicate additional to that indicat@ other words,
for every pound of silicate added 20 per cent. by weight of 36yeBmlust be put into
the mixture. The rosin may also be replaced by a previouslg nosth soap.

To make a semi-boiled soap, using any of the above formiidstemelt the rosin with
all or part of the fat, as rosin when melted alone realdifomposes. When the mixture
is at 150° F. run it into the crutcher and add the lye. darsufficient dry steam to keep
the temperature of the soap at about 150° F. in the winter ofF180%ummer. After the
mass has been mixed for half an hour, by continuously crutchirgpépeit will at first
thicken, then grain and it may again become thick befdsreddbmes smooth. When the
mass is perfectly smooth and homogeneous drop into a frameugci iorthe frame by
hand to prevent streaking. After standing the required lengtmefttie soap is finished
into cakes as usual.

SETTLED ROSIN SOAP.

Settled rosin soaps are made from tallow, grease, cottongebtbached palm oils of
the lower grades, corn oil, soya bean oil, arachis oil lddtyarbage grease, cottonseed
foots or fatty acids together with an addition of rosin, varyioghf24 per cent. to 60 per
cent. of the fatty acids which should titer from 28 to AStiter lower than 28 will
prevent the finished kettle of soap from being capable tef kaking up the filling
materials. As has already been stated under hardenethesls, being very much higher
in titer allow a greater percentage of rosin to be addeds Hardened fish oils and
cottonseed oil are gradually being more extensively employed in sbtgs character.

The procedure of handling the kettle is similar to that given ruiudleboiled soap. The
stock is steamed out into a settling tank and allowedttie s&er night, after which it is
pumped into the soap kettle. Having stocked the kettle, opamdgeturned on and
10°-12° B. lye is run in, while using a steam pressure of ninetné hundred pounds in
order to prevent too great a quantity of condensation of taensthe water thus being
formed weakening the lye. If a steam pressure of fiftgixty pounds is available, a
stronger lye (20° B.) should be added. Care must be taken altaviothe lye to flow in
too rapidly or the soap will not grain. The saponification is @ttgined by prolonged
boiling with sufficient lye of proper strength. When saponificatias taken place, the
mass begins to clear and a sample taken out with a pauilecaled should show a
slight pink with a 1 per cent. alcoholic phenolphthalein solution.

It may be stated here that in using this indicator or angrdth test the alkalinity of
soap, the soap should always be cooled and firm, as whenewar isvgaresent, the
dissociation of the soap thereby will always react alkalivieen this state is reached the
mass is ready for graining, which is accomplished by distrigugalt brine or pickle or
spreading dry salt over the surface of the soap. The kettenghoroughly boiled until
the mass shows a soft curd and the lye drops clearly from pleséamken out with a
trowel or paddle. The steam is then shut off and the abawed to settle over night.
The lyes are then run off to the spent lye tank for glyceewsevery. In saponifying a
freshly stocked kettle it is apt to bunch. To prevent thisisadded at various times to
approximately one per cent. of the fat used.

If, by any possibility the soap has bunched, this condition mayebedied by the
addition of more strong lye and boiling until it is taken up.wiark a kettle to its full



capacity it is advisable to make two "killing" changes. Rkt about 75 per cent. of the
fat and grain as directed. Run off the spent lyes and tietth@ remainder of the stock
and repeat the process. When the spent lye has been run g stbeaopen steam is
again turned on and 18° B. lye gradually allowed to run in. ©bm fis now broken up
and put into the kettle, or a previously made rosin soap is pumped in.

Lye is then added until the soap has a sharp taste hfiat three hours of continuous
boiling, or when the soap is in the closed state. More hygeild then be run into the
kettle to grain the soap well, the grain not being too srh#n allow the soap to settle
over night and draw off the strengthening lye. The next day dgsliup the kettle and
add water until the soap thins out and rises or swells higfeikettle. A sample taken
out at this stage upon a hot trowel should run off in largee$laThe surface of the soap
should be bright and shiny.

If the sample clings to the trowel, a slight addition of \yi# remedy this defect. The
kettle is then allowed to rest, to drop the nigre andow &r some time, depending
upon the size of the kettle. The proper temperature is sucafteahaving been pumped
to the crutcher and the filling materials having been adddideranometer placed into
the mass should indicate 128°-135° F. after the crutcher hasauntén to fifteen
minutes. The filling material may consist of from 7-9 pgent. of sal soda solution,
36°-37° B. warm or just enough to close up the soap and make high in the center
of a screw crutcher and make it cling close to a waowel. Other fillers such as
outlined below are added at this point.

An addition of from 2-3 per cent. of a special mineral oiltfos purpose will impart a

finish to the soap and 3-5 per cent. starch added prevergsdpefrom cracking in the
frames. Other filling material as silicate of soda, kptalc or silex are used. After the
filling material has been thoroughly crutched through the soapframed, and, after

being several days in the frame to solidify and cool the $®apady for slabbing,

pressing and wrapping.

In order to more definitely illustrate the composition loé tmixture of fats and oils
entering into the formation of a laundry soap a typical tdanmay be given for such a
soap containing 40 per cent. rosin added to the amount of fats used:

Ibs.
Grease 7,000
Tallow 4,000
Corn Ol 7,000
Cottonseed Oil 3,000
Rosin 8,400

The following have been found to be satisfactory filling enats and are calculated
upon the basis of a 1,400-pound frame of soap.

l. Ibs.
Sodium Silicate, 38°-40° B. 100
Mineral Oil 25
Sal Soda Solution, 36° B. 80

Borax 1



1.
Sal Soda Solution, 36° B. 80

Mineral Oil 25
Sodium Silicate 60
.
Soda Ash 10
Sal Soda 55
Sodium Silicate 115
Mineral Oil 40
Brine (Saturated Solution) 10
Sodium Silicate, 38°-40° B. 100
V.
Sodium Silicate 100
Silex or Talc 200
Soda Ash 50
V.
Sal Soda Solution, 36° B. 90
Sodium Silicate 50-60
Mineral Oil 25

Borax Solution, 25° B. (hot) 15

CHIP SOAP.

Chip soap is used extensively in laundries but is also usgelydan other branches. It
may be made either as a settled soap or by the cold madesproces

To make a full boiled settled chip soap, proceed as directddr settled laundry soap.
The kettle is stocked with light grease or a mixture of greétbecorn oil or other cheap
oils. For this kind of soap the rosin is eliminated.

Chip soap may be filled as well as laundry soap. This i® dorhe crutcher and the
following adulterations are suitable.

Ibs.
Settled Soap 700
Soda Ash 35
Sodium Silicate 215
or
Settled Soap 700
Silicate of Soda 560

Soda Ash 18



Carbonate of Potash, 26° B. 50

The cheapest method of drying is by running this soap throughiragydnachine and
this is the procedure usually carried out for making dried chip. soa

COLD MADE CHIP SOAPS.

To make chip soaps by the cold process a sweet tallow of Imergage of free fatty
acid should be employed. The tallow is heated to 120° to 13&hd-the lye run in
slowly at first and then the silicate of soda is added. mhes is then mixed until a
finger drawn through the soap leaves a slight impression,dt@pped into frames or
barrels. Soaps containing a small percentage of fat should beowveled in the frame
for twenty-four hours to retain their heat and insure proper sapatiofic The following
formulae are suitable:

l. Ibs.
Tallow 1,200
Soda Lye, 35° B. 850
Sodium Silicate 750
Il
Tallow 475
Ceylon Cocoanut Oil 100
Soda Lye, 37° B. 325
Potash Lye, 37° B. 56
.
Tallow 500
Soda Lye, 37-1/2° B. 297
Sodium Silicate 416

Potash Lye, 37-1/2° B. 37-1/2

IV.
Tallow 450
Soda Lye, 37-1/2° B. 255
Sodium Silicate 450
Potash Lye, 37-1/2° B. 50
V.
Tallow 450
Soda Lye, 35° B. 470
Sodium Silicate 650
VI.
Tallow 420

Sodium Silicate 600



Soda Lye, 37-12° B. 270

UNFILLED CHIP SOAP.

A very good grade of chip soap is made by employing no fillivagerial whatsoever,
but unfortunately the price of this soap has been cut to suektamt that these can not
compete with a filled chip. A number of the best soaps ofkimd are made from a
settled soap using a light grease with corn oil. A soap oh#tige is made as follows.

Ibs.
Settled Soap 800
Sal Soda Solution, 36°-37° B. 252
Soda Ash 182

If this soap is run into frames it may be stripped and chippgdoimays.

SOAP POWDERS.

Soap powders have become so great a convenience as a glasihg agent that to
eliminate them from the household necessities would meah omugecessary energy
and work to the great number of consumers of this product. Theyenmnanufactured
so cheaply and still be efficient, that their use has alimasome universal for cleansing
and scouring purposes. The uses to which soap and scouring powderptae adatoo
well known to enter into a description of their employmemc&ithey offer a greater
profit to the manufacturer than ordinary household soap, many bramdxtansively
advertised.

Numerous combinations for soap powders might be cited and itilmpéesmatter to
vary the ingredients as to fat content and manufacture dgyaf this sort as low as a
cent a pound. Many substances are incorporated with soap, sutthsslsaash, tripoli,
crushed volcanic deposits, ground feldspar, infusorial earth of gakiads, silex, etc.
In addition to these various fillers, compounds with true clegnsind bleaching
properties, in addition to soap, are added, such as the sattsyafnium (sal ammoniac,
carbonate of ammonia), sodium perborate and the peroxides of varatats. The
public, however, have been accustomed to receive a largageaof soap or scouring
powder for a small amount of money and it is a difficult mdtiethe manufacturer to
add more expensive substances of this nature to his product, @asadts efficiency,
without raising the price or decreasing the size of the package.

In manufacturing soap powders, the dried soap chips might bel mvike the filler and
alkali and then pulverized. This method is not extensivelgleyed nevertheless. The
process which is the most economical is one whereby the ingtediee mixed in a
specially adapted mixer for heavy material until dry and tib@ndirectly to the crusher
and pulverizer, after which it is automatically packed, sealddaxed. Another method
of procedure is to run out the mixture from the crutcher to tmeefsawhich are stripped
before the soap cools, and is cut up at once, for if it hantlexesild not be cut with
wires. It is better, however, to run the mixture into shegon a specially constructed
floor and break up the mass when cool.

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



I
Soda ash, 58 per cent. 42 Ibs.

Silica 220
Settled soap (usually cottonseed). 25 "
Salt 10

Il
Soap (settled cottonseed) 40 Ibs.
Soda ash, 58 per cent. 60

11l
Settled soap 100 Ibs.
Soda ash, 58 per cent. 400 "

Fillers in varying proportions may replace the soda ash iraloge formulae. It is of
course understood that the soap has been previously made arsgdmolten soap into
the crutcher.

The following soap powders will not dry up in the crutcher upoming, but are of the
class which may be framed or run on the floor to solidify:
I
Soap 850 Ibs.
Filler 400
Sal soda solution, 20 degs. B 170 "

Il
Soap 650 Ibs.
Filler 550
Sal soda solution, 20 degs. B. 340 "
11

Soap 80 Ibs.
Filler 550 "
Sal soda solution 170

v
Soap (settled tallow) 800 Ibs.
Filler 400
Sal soda solution 170 "
Water 100

\%

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



Soap 400 Ibs.

Filler 575

Hot water 60

or

Soap 200 Ibs.

Hot water 200 "

Filler 625
It would be a simple matter to write numerous additional foreyutait the above are
typical. The manufacturer must judge for himself just whahglimaterial to use. The

filler indicated in the above formulae is therefore left operew formulae for more
expensive powders than those given recently appeared among otter§S$eifensieder

Zeitung'®l:
I
Powdered soap 90 Ibs.

Sodium perborate 10

The perborate should be added when the powder is perfectly drp®es its bleaching
properties.

Il
Soap powder, 20 per cent. fat.

Cocoanut oil fatty acids 25 Ibs.
Olein 25
Bone fat 70 "
Soda lye, 30 degs. B. 90
Water 150 "
Ammonium carbonate 125 "

11
Soap powder, 10 per cent. fat.

Cocoanut oil fatty acids 20 Ibs.
Olein 10 "
Bone fat 20 "
Soda lye, 30 degs. B. 30
Water 175 "
Ammonium carbonate 175

LIGHT OR FLUFFY POWDERS.

Light or fluffy powders containing 35-45% moisture can be made inays. The first
method requiring a minimum equipment is to mix the powder ahsosia in a mixer,
allow it to stand in frames for a week to crystallaespread it on the floor for a few



hours to dry and then grinding it.

The continuous method finishes the powder in a few minutes atidavminimum
amount of labor. By this process the various ingredients, soapasbdsolution, etc.,
are measured, run by gravity into the mixer, mixed and thkemmass run over the
crystallizer or chilling rolls thru which either cold water brine is pumped. From the
roll the powder is scraped off clean by a knife, passes twreers which sends the
tailings to a grinder, falls into a storage bin from wieeités weighed and packed by an
automatic weighing machine into cartons made up in most ¢gsasother machine.
Due to the large percentage of moisture contained in sSwge powders the carton is
generally wrapped in wax paper to aid in the prevention of tlepesuf moisture.

SCOURING POWDERS.

Scouring powders are very similar to soap powders and diffgrin the filler used. We
have already considered these fillers under scouring soap, finich they do not differ
materially. They are usually insoluble in water to aicsaouring. The mixer used for
substances of this kind in incorporating the soap and alkali musbf bgtrong
construction.

SCOURING SOAP.

Scouring soaps resemble soap powders very closely in their coimpasi that they are
a combination of soap and filling material. Since more latheequired from a scouring
soap than in soap powders, a cocoanut oil soap is generally Tusedisual filling
material used is silex. The greatest difficulty in the mactuire of scouring soap is the
cracking of the finished cake. This is usually due to the paration of too great an
amount of filler, or too high a percentage of moisture.

In manufacturing these soaps the cocoanut oil is saponifitak icrutcher with 38 degs.
B. lye, or previously saponified as a run soap, as alreadyilded under "Marine
Soaps." To twenty-five parts of soap are added a perceot88fdegs. B. sal soda or
soda ash solution, together with a small quantity of salt bfiaehis mixture in the
crutcher seventy-five parts of silex are then added, and iaisnffamount of hot water
to make the mass flow readily. Care must be exercisadttadd too great a quantity of
water or the mass will crack when it cools. The magkas framed and cut before it
sets, or poured into molds and allowed to set. While sléke most extensively used
filler for scouring soaps, it is feasible to incorporate othdystances of like character,
although it is to be remembered that the consumer is accustoraeuhite cake, such as
silex produces. Any other material used to replace shexild also be as fine as this
product.

FLOATING SOAP.

Floating soap occupies a position midway between laundrtailetl soap. Since it is
not highly perfumed and a large piece of soap may be purcfassdall cost, as is the
case with laundry soap, it is readily adaptable to gemenadehold use. Floating soap
differs from ordinary soap in having air crutched into it whielises the soap to float in
water. This is often advantageous, especially as a bathawhpndoubtedly the largest
selling brand of soap on the American market today is a floatiayg. s

In the manufacture of floating soap a high proportion of cocoanus oiécessary. A
most suitable composition is one part cocoanut oil to one pasdllofv. This is an



expensive stock for the highest grade of soap and is usually cheédpeniee use of
cottonseed or various other liquid oils. Thus it is possiblétaio a floating soap from
a kettle stocked with 30 per cent. cocoanut oil, 15 per cenbnseed oil and 55 per
cent. tallow. With this quality of soap, however, thera igossibility of sweating and
rancidity, and of the soap being too soft and being poor in color.

The process of manufacture is to boil the soap in an ordatapy kettle, after which air
is worked into the hot soap by a specially constructed crytafter which the soap is
framed, slabbed, cut into cakes and pressed.

Concerning the boiling of the soap, the saponification must tefudlg carried out, as
the high proportion of cocoanut oil may cause a violent reactidmeikettle causing it
to boil over.

The method of procedure is the same as for a settledugotapthe finishing. When the
mass is finally settled after the finish, the soap shoulcht on the "open" side, and
the object should be to get as long a piece of goods as possible.

Due to its high melting point, a much harder crust forms osuhace of a floating soap
and in a greater proportion than on a settled soap duringtfiags In a large kettle, in
fact, it has been found impossible to break through thist dyy the ordinary procedure
to admit the skimmer pipe. Much of the success of the subsiegperations depends
upon the completeness of the settling, and in order to overdchendifficulties
occasioned by the formation of the crust everything possible showdraein the way
of covering the kettle completely to enable this period dfirsgtto continue as long as
possible.

When the soap is finished it is run into a specially cantdd U-shape crutcher, a
Strunz crutcher is best adapted to this purpose, although dlyragvolving upright
screw crutcher has been found to give satisfaction upon l&ess@ale, and a sufficient
quantity of air beaten into the soap to make it light enoudlo&b. Care must be taken
not to run the crutcher too rapidly or the soap will be egtited fobby. During this
operation the mass of soap increases in bulk, and after igeasestablished how much
air must be put into the soap to satisfy the requirements,irtbrease in bulk is a
criterion to estimate when this process is completed.

It is of course understood that the longer the crutching conttheegreater quantity of
air is incorporated and the increase of volume must be establishea particular
composition by sampling, cooling the sample rapidly and seeidldgfats in water. If
the beating is continued too long an interval of time, theHed soap is too spongy and
useless.

The temperature of the mass during crutching is most impofthistmust never exceed
158 degrees F. At 159 degrees F. the operation is not veryssfudceyet the

thermometer may indicate 140 degrees F. without interferinlg this operation. If,

however, the temperature drops too low, trouble is liable tmétewith, by the soap
solidifying too quickly in the frames.

When the crutching is completed, the soap is allowed to atopfiames through the
valve at the bottom of the crutcher and rapidly crutched by thd mmathe frames to
prevent large air spaces and then allowed to cool. It isiprovement to jolt the frames
as they are drawn away as this tends to make the lardauldbles float to the surface
and thus reduce the quantity of waste. When the soap has coolé&dnbes stripped
and the soap slabbed as usual. At this point a layer of cons@ldigiith of spongy soap
will be found to have formed. This of course must be cut away amhed to the kettle.



The last few slabs are also often rejected, inasmutiireaseight of the soap above them
has forced out so much of the air that the soap no longes.fldga a fair average it may
be estimated that not more than 50 to 60 per cent. of tiparstiae kettle will come out
as finished cakes. the remaining 40 to 50 per cent. being ctestiiy the heavy crust
in the kettle, the spongy tops, the bottom slabs and scrapingssddpsis of course
reboiled and consequently not lost, but the actual cakes obtiegaoduced at a cost
of practically double labor.

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

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

TOILET SOAP.

It is not a simple matter to differentiate between taleaps and various other soaps,
because numerous soaps are adaptable to toilet purposes.s@fiesoaps of this
variety are manufactured by the cold made or semi-boilecepsp@nd not milled, the
consumer has become accustomed to a milled soap for generaldeilet

The toilet base most extensively employed is a tallowcacdanut base made as a full
boiled settled soap. The manufacture of this base has alpeadyoutlined and really
needs no further comment except that it is to be remembUeaed suitable toilet soap
should contain no great excess of free alkali which isrimjis to the skin. Cochin
cocoanut oil is preferable to the Ceylon cocoanut oil or palm kemheto use in
conjunction with the tallow, which should be a good grade and dadowhite piece of
goods is desired. The percentage of cocoanut oil may be anywberel® to 25 per
cent., depending upon the kind of lather required, it being rememthetecbcoanut oil
increases the lathering power of the soap.

In addition to a tallow base, numerous other oils are usedei manufacture of toilet
soaps, especially palm oil, palm kernel oil, olive oil and obit€oots, and to a much
less extent arachis or peanut oil, sesame oil and popplydleeils of the class of
cottonseed, corn and soya bean oils are not adapted to nmtarinta@ milled soap, as
they form yellow spots in a finished cake of soap which has begrakshort time.

Palm oil, especially the Lagos oil, is much used in makimpglm base. As has already
been stated, the oil is bleached before saponification. A pasa has a yellowish color,
a sweetish odor, and a small quantity added to a talle& baturally aids the perfume.
It is especially good for a violet soap. The peculiarity of lmpal base is that this oil
makes a short soap. By the addition of some tallow or twentyetoty-five per cent. of
cocoanut oil, or both, this objection is overcome. It is a good iplarsing a straight
palm base to add a proportion of yellow color to hold the yellotingiof this soap, as a
soap made from this oil continues bleaching upon exposure to aigand li

Olive oil and olive oil foots are used most extensively in rienufacture of castile

soaps. The peculiarity of an olive oil soap is that ikesaa very slimy lather, and like
palm oil gives the soap a characteristic odor. An oliveasbss usually considered to
be a very neutral soap and may readily be superfatted. Mixeéhadl soap is used in

bars or slabs as an unmilled soap and it is often madeelgotd process. Peanut oil or
sesame and poppy seed oil often replaces olive oil, asdhmyaf similar soap to olive

oil.



In the manufacture of a toilet soap it is hardly practicdhy down a definite plan for
the various bases to be made. From the combination of tallom, gkl cocoanut oil,
palm kernel oil, olive oil and olive oil foots, a great manyesasf different proportions
might be given. The simplest method is to make a tallow bagalm base and an olive
oil base. Then from these it is an easy matter to waiglany proportion of these soap
bases and obtain the proper mixture in the mill. If, howeagers often the case, a large
quantity of soap base of certain proportions of these, four orraven of these fats and
oils is required, it is not only more economical to stock kbtle with the correct
proportion of these oils, but a more thorough mixture is thus obtainedgnnifying
these in the kettle. In view of the fact that it is Iyeal question for the manufacturer to
decide for himself what combination of oils he desires for &cp#ar soap we will
simply outline a few typical toilet soap bases in thempdéest combination. It is
understood that these soaps are suitable for milled soapsrand be made as fully
boiled settled soaps. Palm kernel oil may be substituted for rwatco@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
Tallow 30 parts
Palm oll 60 parts

Cocoanut oil 10 parts
OLIVE OIL BASE (WHITE).
Olive oil 75-90 parts
Cocoanut oil 25-10 parts

or

Olive oil 40 parts
Tallow 40 parts
Cocoanut 20 parts
Where a green olive oil base is desired, olive oil foots @bstguted for the olive oil.

Peanut oil may replace the olive oil or part of it, the saeiag true of sesame oil and
poppy seed oil.

PALM AND OLIVE BASE.



Palm oll 50 parts
Olive oil 30 parts

Cocoanut oil 20 parts
or

Palm oll 20 parts
Olive oil 10 parts
Tallow 50 parts

Cocoanut oil 20 parts

CHEAPER TOILET SOAPS.

It is often necessary to manufacture a cheaper grade ofolet purposes to meet
the demand of a certain class of trade as well asxfuwore To accomplish this it is of
course necessary to produce a very inferior product and run dowrrt¢eatpge of fatty
acids contained in the soaps by the addition of fillers coruse cheaper oils in
manufacturing. The most simple method of filling a soap i®ad it at the mill with

some substance much less expensive than the soap itself. M#my dieaper toilet
soaps, however, are not milled and it is, therefore, negessdollow out some other
procedure.

Milled soaps, as has just been stated, are loaded atilth&hme consumers of cheaper
toilet soaps in this country are accustomed to a milled andphis grade of soap for
home consumption is very often filled with numerous substanoesndst generally by
adding starch and talc. The addition of such materiat®wfse later exhibit themselves
by imparting to the cake of soap a dead appearance. Talwrésreadily detected in the
soap than starch by washing with it, as talc is insolubleirapdrts a roughness to the
soap, like sand or pumice, as the soap wears down. It mayyrbadadded to 20 per
cent. by weight. Starch is to be preferred to tadpading a soap, as it is not so readily
noticeable in washing. It leaves the cake itself absolutalyogh although the lather
formed is more shiny. This substance may be employed tugasa percentage as
one-third the weight of the soap. It is, of course, possibhéapen the best soap base
by this method and the price may be further lowered by usingsbeexpensive 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 soadding the filler e.
g. sodium silicate in the kettle during saponification. The peage of fatty acids may
be brought down to 10 per cent., although of course a soap ¢ypbkishrinks a whole
lot upon exposure.

In making a "glued up" soap the procedure is the same for méiargpap itself as with
a settled soap, except that the soap is finished "curd'agexdfilled in the crutcher. The
percentage of fatty acids in a soap of this type is seldom t€lgyer cent.

The method of "gluing up” a soap is best illustrated by a typaab of this character in
which the kettle is charged with the following stock.

Bleached palm oll 5 parts



Distilled grease 2
Cotton oil foots stock, 63% fatty acid 1

Rosin 4

The palm oil is first run into the kettle, saponified arashed to extract any glycerine,
then the rest of the fats and finally the rosin. The soapnsfitished and settled as with
a boiled settled soap. To assure success it is absolutdgsaey that the soap settle as
long a period as possible, or until the temperature is abs@itdegs. F. The ideal
temperature for carrying out the "gluing up" process is 140 degsasFat a lower
temperature than this the soap is liable to cool too quedkdl/not be thoroughly glued
up. A higher temperature than 150 degs. F. causes delay ithéhaoap does not
properly take the filler at a higher temperature and the saegp be kept in the crutcher
until the temperature drops to the right point.

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

Sodium silicate, 59-1/2° B. 1 part

Potassium carbonate, 51° B. 1
or

Sodium silicate, 59-1/2° B. 1 part

Potassium carbonate, 51° B. 1
Sodium sulfate, 28° B. 1

From 230 to 300 pounds of either of these mixtures are redfoiredcrutcher holding
2,600 pounds of soap.

The crutching is continued until the mass is well "spiked," thed say, a freshly broken
surface of the soap, as the crutcher blade is jerked ataagssup like shattered sheets
in triangular form A A A), which retain their shape perfectly. When this condit®n i
realized the soap is run into frames which are careéuilyched by hand to remove any
air spaces. The surface of the soap is then smoothed dowreapeld up in the center.
After standing a day to contract, the surface is agagldd and a snugly-fitting board
placed on the top of the soap upon which a weight is placed or upadm tiveievorkman
treads and stamps until the surface is flat, thus assuririgrther removal of air spaces.
The soap remains in the frame from six to eight days atiters slabbed, barred and
pressed by the usual method employed for soaps thus handled withowg. millin

In a soap of this nature no hard and fast rule can be laith dswo the quantity of
solution to be used for "gluing up" or the strength of the solutioa. $oap of the type
described the most satisfactory appearing cake will bengstdrom a soap containing
58 per cent. fatty acids. That is to say, about 8 per wef per cent. filling solution is
added per hundred pounds of soap. The filling solutions given aresaésfactory.
Carbonate of soda should be avoided in connection with sodiigatesias the property
of efflorescing on the surface of the finished cake afteshort time will prove
detrimental. To assure successful gluing up it is advisabéxperiment upon a small
scale to determine the exact extent to which the fillioteon should be diluted.
Various proportions of water are added to a certain quaritityedilled soap. After the
soap has been filled in a small receptacle a sampkkéntand rubbed between the
fingers. If the freshly exposed surface is smooth andygltiss filling solution is weak



enough, if rough it is too strong. It is of course understood tkatthperature must be
correct, 140 degs. to 150 degs. F., or the soap will be rougthiBsneans the operator
can readily judge the correct strength of his filling solutidien properly carried out a
perfectly satisfactory soap is obtained.

CURD SOAP.

The object of a soap which is finished "curd" or grainedo isbtain a harder piece of
goods from low titer fat or to increase the percentage tf &&ids in the finished soap.
This is still another method of producing a cheap grade of soéy #s adoption the
cheaper oils and fats may be used to obtain a firm piece of soap.

A typical charge for curd soap is:

Red oil 63 parts
Tallow 10
Rosin 27 "

Cotton seed foots may be employed in place of red oil aatloav of too high titer is
not suitable for this kind of soap.

The red oil and tallow are first saponified with 15 ddgslye, boiler pressure 80-90
pounds, 18 degs. B. lye for lower steam pressure, and two wagiiwegsto extract the

glycerine. The rosin is added at the strengthening change ahd fahish the soap is
"pitched," that is to say, the soap is settled over night diile next day the lyes are
drawn off and a portion of the nigre pumped to another kettlehmpievents later

streaking of the soap. The soap is then boiled with 18 degyeBas with another

strengthening change under closed steam. Salt brine or "pid&edegs. B. is then

added and the mass boiled with closed steam until the brinfeeseadensity of 18 degs.
B. and the kettle pumped the next day. A soap of this typérescither hand or power
crutching to assure homogeneity and prevention of streaks. To obmai@r spaces it

is advisable to place over the top of the frame a tightigefiboard 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 aniseoiled processes. While
these are the simplest methods of manufacturing soaps the dkavdaising them are
numerous and only in a few cases are they very extensivglpgsd. To make a toilet
soap by the cold process a combination of good grade tallow awhrad oil is
required. It requires 50 per cent. by weight of 36 degs. Bolgaponify a given weight
of tallow and 50 per cent. of 38 degs. B. lye for cocoanut bk [Jes are used full
strength or may be reduced slightly with water and théhodeof procedure is the same
as already given in the general directions for cold made soaps.

Cold made soaps are readily filled with sodium silicate wigcadded at the same time
the stock is put into the crutcher. In adding the silicai® riecessary to add additional
lye to that required for saponifying the fats, about 20 per céi®6 degs. B. lye is the
proper amount. There is of course a certain amount of shrinkintpdhe addition of
this filler and the finished cake is exceedingly hard, yetah#hor has seen a good
looking cake of cheap soap made from as high a proportiédGaparts of tallow to 600
parts of silicate.



Cold made soaps are usually pressed without milling, althoughréiadily feasible to
mill a cold made soap provided it is not a filled soap sudtaagust been described.

PERFUMING AND COLORING TOILET SOAPS.

Equally important as the soap itself or even to a greatent is the perfume of a toilet
soap. A prominent manufacturer recently made the statement) wghaften the truth,
that it makes no difference to the public what kind of soap you lgera,tas long as you
put plenty of odor into it. The perfuming of soaps is an aitself and a subject to be
treated by one versed in this particular branch. We can tally into account the
importance of the perfume as related to toilet soap not lomythe necessity of adding a
certain proportion of the cheaper products of odoriferous natlaeridry soap to cover
and disguise the odor of even this type of soap.

The price of a cake of toilet soap to a great extent dependstiupqerfume, and the
manufacturer should aim to give the best possible perfume fmtarcprice. He should
not allow his personal likes or dislikes to enter into the judgrmentether an odor is

good or not, but submit it to a number of persons to obtaindheensus of opinion. In
giving or selling a piece of soap to the consumer, it is senahde for him to smell it,

and in the great majority of cases his opinion is formed noon fany quality the soap
itself may have during use, but from the odor. This only empbsghe fact that the
perfume must be pleasing, not to one person, but to the magrdymany brands owe
their popularity to nothing more than the enticing perfume.

Perfuming of soap is closely allied to the soap making inglusut as stated a branch in
itself. It is, therefore, not our purpose to give numerausifilae of how to perfume a
soap, but rather to advise to go for information to some onedhanoughly understands
the characteristics of the numerous essential oils and systhatit give positive
information for the particular odor desired. Under no circumstaié advisable to
purchase a perfume already compounded, but since all perfumesiend af several or
many essential oils and synthetics, it is a more positiverasse of obtaining what is
desired, by purchasing the straight oils and blending or mixing éisemne desires.

The perfume is added to a milled soap just before thenmifirocess in the proper
proportion per hundred pounds of soap. In cold made or unmilled soapddieid in the

crutcher while the soap is still hot. By this method, of seura proportion of the
perfume is lost due to its being more or less volatile.

COLORING SOAP.

While much toilet soap is white or natural in color, manypsoare also artificially
colored. The soap colors used for this purpose are mostly amylestuffs. The price of
these dyestuffs is no criterion as to their quality, agtiee is usually regulated by the
addition of some inert, water soluble substance like commoorssiigar.

The main properties that a dyestuff suitable for producing aembkwap should have are
fastness to light and to alkali. They should further be ofi sutype that the color does
not come off and stain a wash cloth or the hands when the somed and should be
soluble in water. Under no circumstances is it advistbbdd these in such a quantity
that the lather produced in the soap is colored. It is cusyotimdirst dissolve the dye in
hot water as a standardized solution. This can then be measuren a graduate and
added to the soap the same time as the perfume is putaant gibe part of color to fifty
parts of water is the proper proportion to obtain a perf@datien, though this is by no
means fixed. In making up a solution thus it is an improverteeadd to the same about



one-half of one per cent. of an alkali either as the hydroxidarmonate. Then, if there
is any possibility of change of color due to alkalinity of thepsatwill exhibit itself
before the color is added.

A particularly difficult shade to obtain is a purple, bere is up to the present time no
purplish aniline color known which is fast to light. Very goesults in soap may be
obtained by mixing a fast blue, as ultramarine or cobalt blitk,aned as rhodamine or
eosine.

Inasmuch as the colors for soap have been carefully testedoby of the dyestuff
manufacturers, and their information, usually reliable, is dpeany one desiring to
know about a color for soap, it is better to depend upon their expesmeéticcolors after
having satisfied one's self that a color is what it is remtesl for a particular shade, than
to experiment with the numerous colors one's self.

MEDICINAL SOAPS.

Soap is often used for the conveyance of various medicantsg@its or other material
presumably beneficial for treatment of skin diseasesdle/gbap is an ideal medium for
the carrying of such materials, it is an unfortunate conditiormthan incorporated with
the soap, all but a very few of the numerous substances thus empdsgetheir
medicinal properties and effectiveness for curing skin disordevgglaas any antiseptic
value the substance may have. Soap is of such a nature chenmiadlmany of the
substances used for skin troubles are either entirely decomposdigred to such an
extent so as to impair their therapeutic value. Thus maryeatlaims made for various
medicated soaps fall flat, and really have no more antiseptiberapeutic merit than
ordinary soap which in itself has certain germicidal and clgavafue.

In medicating a soap the material used for this purposeualysadded at the mill. A
tallow and cocoanut oil base is best adapted for a soap of thisTtyp@ublic have been
educated more or less to the use of colored soap to accetduaiedicinal value, and
green is undoubtedly the most popular shade. This inference, hovgelbgrno means
true for all soaps of this character. Possibly the best metharranging these soaps is
briefly to outline some medicinal soaps.

SULPHUR SOAPS.

The best known sulphur soaps contain anywhere from one to 2@ngeot flowers of
sulphur. Other soaps contain either organic or inorganic sulphur compounds.

TAR SOAP.

The tar used in the manufacturing of tar soap is obtained by theatiestdistillation of
wood, the pine tar being the most extensively employed. Whildiffezent wood tars
contain numerous aromatic compounds, such as phenols, phenyl oxidesgseand
organic acids, these are present in such a slight proportioas stw render their
effectiveness practically useless. It has, thereforen iged to use these various
compounds contained in the tar themselves to make tar sogpeféadtive, yet tar is so
cheap a substance that it is usually the substance useddmatimgy a tar soap. About
10 per cent. of tar is usually added to the soap with 2 suwfdamp black per hundred
pounds of soap.

SOAPS CONTAINING PHENOLS.



Phenol (Carbolic Acid) is most extensively used in soaps okihés which are called
carbolic soaps. Carbolic soaps are generally colored greemataincfrom 1 to 5 per
cent. phenol crystals.

The cresols are also extensively used for making soaps naarddlic. These
substances impart more odor to the soap and really have morfeatisg powers than
phenol when incorporated with soap.

Other soaps, containing the phenol group, which are well knownesoecinol soap,
salol soap, thymol soap, naphthol soap, etc. From one to fiveepepf the compound
after which the soap is named is usually incorporated witedap.

PEROXIDE SOAP.

Hydrogen peroxide in itself is an excellent disinfectantoset all its medicinal value,
however, when added to the soap. To overcome this objection var@alic peroxides
are added to the soap, as sodium peroxide, zinc peroxide auanh lpgeroxide. These
generate hydrogen peroxide by the addition of water. Sodium perhsralso used in
peroxide soaps, as this substance is decomposed by water into hydeogeide and
sodium metaborate.

MERCURY SOAPS.

Mercuric chloride (corrosive sublimate) is most extensivedgd for the production of
mercury soaps. Because of its extremely poisonous propeatiesiocould be taken in
using it. Since it really eventually loses any antiseptioevah the soap through forming
an insoluble mercury soap it might better be omitted entirely.

LESS IMPORTANT MEDICINAL SOAPS.

While the above mentioned soaps are probably the best known reddscetps, there
are numerous other soaps which may be classed under thesefkswgps. Thus we
have cold cream soap, which can be made by adding Russian IMbilera to 5 per

cent., to the soap; witch hazel soap, made by the additi@xtafct of witch hazel,
iodine soap, made by adding iodine or iodoform; formaldehyde soap, impaaléding

formaldehyde; tannin soaps, made by adding tannin. In fact, thave been
incorporated in soap so great a number of substances thasttmight be greatly
enlarged.

Medicated soaps are not only used in solid form, but in powdste and liquid soap as
well. The only difference in a soap like those just retene 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, howmsveat always the case,
as a number of oils as well as tallow are used to addténe oil to cheapen it, and
there are even some soaps called castile which combaglive oil at all. Most of the

pure castile soap used in this country is imported, as & difficult matter for the

American manufacturer to compete with the pure imporéstile soap, since both labor
and oil itself are so much cheaper in the vicinities of Euvapere this oil is produced,

that this advantage is more than compensated by the carryingustmin charges by
importing the castile soap.



Castile soap may be made either by the full boiled or padess. There are numerous
grades of olive oil, and those used for soap making are dedatn lower the duty
charges. Olive oil makes a hard white soap, usually soldrs) bad olive oil foots a
green soap, due to the coloring matter contained in this oil.

To make a boiled castile soap, a composition of 10 per €Cenhin cocoanut oil and 90
per cent. olive oil may be used. To cheapen this, peanut @ti#s oil) may entirely
replace the olive oil, or about 20 per cent. of corn or soya tiéamay be added. The
oils are saponified as usual in making a settled soap gm@vent rancidity the soap is
boiled near the finish for some time in the closed state sufficient excess of alkali to
give it a sharp taste, then grained with lye, the lye drafyrclosed with water and then
grained with salt. This process is repeated until the atksirength is reached. The last
graining should not be too great, and on the last change the soap rsbobdthinned
out, as it will contain too great a quantity of water when slabbed.

In making a cold castile soap the usual method is pursueceasialirected under cold
made soap. When the soap is taken from the crutcher it isabth; however, to keep
the soap in the frame well covered to assure complete saptioi. Some
manufacturers use very small frames which are placed intparoments, well insulated
to retain heat. Several formulae for cold made castigs, follow. It may be noted that
some of these contain practically no olive oil.
I

Olive oil 2030

Palm kernel 674

Soda lye, 35 per cent. B. 1506

Olive oll 2030
Cochin cocoanut oil 674
Soda lye, 36 per cent. B. 1523
Sodium Silicate 82
1

Palm kernel oil 1578
Tallow 940
Olive oll 7

Sodium silicate, 20 per cent. 190
Soda lye, 36 per cent. B. 1507

v

Olive oil (yellow) 1000

Soda lye, 37 per cent. B. 500
\%

Olive oll 90
or

Palm kernel } 10



Cochin or cocoanut oil } 10
Lye, 37 per cent. B. 51

If any of the soaps containing a high proportion of cocoanut oil atedbibie soap will
float. It is therefore necessary to keep the temperasum@eas possible.

ESCHWEGER SOAP (BLUE MOTTLED).

Eschweger soap is a colored mottled or marbled soap madety slight extent in this
country. Inasmuch as it has been introduced to the export ftagemade for this
purpose by some manufacturers. A high percentage of cocoanut oilallyussed
together with tallow and grease. About one-third of eaehtigical formula. In a soap
of this character the fact that cocoanut oil soap takeslamea quantity of water and
salts of various kinds and is difficult to salt out is made usé&ldf tallow and grease are
first saponified as usual, then the cocoanut oil is pumped @pahgied. When the
saponification is nearly completed either silicate or cagonhsoda or common salt
are added to make the soap "short" so as to form the niditefinishing of a soap of
this type can only be gained by practice and it is ratlifécult to explain the exact
appearance of the kettle at this stage. The surface ofodpe should be bright and
lustrous with the steam escaping in numerous places in reststikation. A sample on
the trowel should have a slight sharpness to the tongue and be. pM%en the soap
slides from the trowel it should break short. When the $w@apreached this stage the
desired coloring matter, usually ultramarine, is added tsdap either in the kettle or
crutcher and the soap framed. The yield is 200-215 pounds per hundred giostodk.

Several modifications of this general method for Eschweger a@apsed by adopting
the half boiled or cold process.

TRANSPARENT SOAP.

Transparent soap is really not a most desirable soap fdrgaigoses, as it contains an
excess of free alkali. It has, nevertheless, met with pablcoval because of the fact it
is novel in being transparent. Except for this fact very litikrit can be claimed for a
soap of this kind.

The transparency of soap is generally due to the preserdeobbl, sugar or glycerine
in the soap when it is made. It is very essential iro@p sof this character, where
lightness and clearness of color are desired, that the rhdteriamaking the soap be
carefully selected as to color and purity. The perfumss gy an important part in the
color of the soap and many of the tinctures, balsams anddnfusised in perfuming
soap may eventually cause trouble by spotting. If the soaytifisially colored, which
is almost always the case, the dyestuffs used for this purglosuld have careful
attention and only those should be used which are knownigh ties action of alkalis.
Where rosin is used this product must be of the better gtasiled water is always
preferable for use in transparent soap. The government pehmitssé of a specially
denatured alcohol. This alcohol is not taxed and consists @i ¢ethyl) alcohol
denatured with 5 per cent. wood (methyl) alcohol. Some soapsakefer to use a
more expensive refined methyl alcohol, but outside of addinbeadst of the soap,
there is no particular advantage. The glycerine shouldh&emically pure. As to the oils
and fats these should be low in acid and of good color. Underawnstances should
the crutcher or kettle in which the soap is made be stynclean in any way. For a
light soap enameled utensils are to be preferred.



To obtain transparency in soap the following general methods mayése gi
1. Where the transparency is due to sugar.

2. Where alcohol and glycerine produce transparency.

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

4. Where transparency depends upon the percentage of fattynagidoap and the
number of times the soap is milled.

Under the first method at least 25 per cent. of the chargddsheucocoanut oil, the

other constituent being tallow or any fat or oil capable of giviegfaciently hard soap.

The soap is boiled and finished as usual, then run to tlieher to be mixed with a
strong cane sugar solution, containing 10-20 per cent. sugar wfetgbt of the soap.

The sugar is dissolved in its own weight of water and thdisolheated to 175 degs. F.
before being very slowly added to the soap. As the water eategpsoaps of this type
show spots due to the sugar thus being thrown out of solution.

Transparent soap made under the second method may be sammiigahl and consist
of any good toilet base. The soap is run to the crutcher andl mite 95 per cent.

alcohol in the proportion of one part alcohol to two parts of fatid contained in the
soap together with glycerine in the same proportion.

By the third method castor oil alone may be used to make the saddex to any of the
above bases up to 33-1/3 per cent. of the charge. If castoryikarded, but 2 per cent.
or 3 per cent. of sugar is required.

In the last method a combination of 80 per cent. tallow, \@myin free acid, 20 per

cent. cocoanut oil and 5 per cent. W. W. rosin is a suiteidege. The saponification
and finishing is carried out as with a full boiled soap. $bap is then placed into a
jacketed vessel, provided with dry-steam coils, by which xcess water is evaporated
from the soap until it contains 73 per cent. fatty acids. Wherthick mass reaches this
stage it is framed and when cool is suitable for obtaining atsansiparency which now

depends upon the number of times the soap is milled, it beingurde; inferred that no

solid matter of any sort be added to the soap.

CoLD MADE TRANSPARENT SOAP.

While transparent soaps may be made by the above general mitbpdse usually
made by the semi-boiled or cold process. By this process a satisfactory soap is
obtained and it is more simple to carry out. A detailedrgesgm of this method is best
and most easily given by using a typical formula.

Charge:

Tallow 193-1/2 Ibs.
Cochin Cocoanut Oil 169-1/2
Castor Oil 89-1/2 "
Soda Ash 7-3/4
Soda Lye, 36 degs. B. 256
Sugar (Cane) 198 "

Alcohol 126



Water (Distilled) 80 "

To proceed, first place into a crutcher or jacketed k#t#eoils and fat and heat to 140
degs. F. Then add the soda ash dissolved in about 30 pounds of thafieterich the
lye is added and the mass stirred until a finger or stickover the surface leaves an
imprint. Where the soap has reached this stage, it isooedired and allowed to stand
about two hours or until it bulges in the center, after whichrékeof the water which
should contain no lime or other mineral substance and whigireferably distilled
water, is added. The sugar is then slowly shoveled in whdentass is stirring and
finally the alcohol is poured in. The heat is then increaselb0 degs. F. by dry steam
and the soap crutched until dissolved. Under no circumstamoesgdsany soap be
allowed to remain above the surface of the mass on theddittes mixer. This crutching
operation consumes about one hour, and when finished the soap dhodidnsthe
vessel about half an hour when a small sample is taken eaobtoThis sample should
be clear and show an excess of alkali. If it is not clearenalcohol is added, if not of
sufficient strength more lye put in until the desired conditioree&ched. The perfume
and color are now added.

The soap is then framed and allowed to set after whishcut, allowed to dry slightly
and then pressed. To obtain a polished cake transparent seapftea planed before
pressing and after pressing polished with a soft cloth, dampégttedicohol. Instead of
framing this soap, it is sometimes "tubed," that is to g®y,soap from the crutcher is
run into specially constructed tubes of a shape near tha¢ afetsired cake and allowed
to cool, after which it is cut and pressed. All scraps ettgmed to the crutcher, but in so
doing the soap is slightly darkened in color. It is advisabkxfmse a finished cake of
transparent soap to the air for some time as by so doing it becterassy.

Other formulae for cold made transparent soaps made as juseéduid!low:

Bleached Tallow 134 Ibs.
Cochin Cocoanut Oil 88 "
Castor Ol 20
W. W. Rosin 7 "
Cane Sugar 64
Water 32 "
Glycerine 34 "
Soda Lye, 38 degs. B. 135
Alcohol 16 gal.
Il
Tallow 211 Ibs.
Cochin Cocoanut Oil 185 "
Castor Oill 97-1/2
Soda Ash 8-1/2 "
Water 106

Soda Lye, 38 degs. B. 279



Sugar 216 "

Alcohol 137
1.
Castor Oill 60 Ibs.
Cochin Cocoanut Ol 195
Tallow 120 "
Alcohol 115
Sugar 90
Water 53 "
Glycerine 53

Soda Lye, 38 degs. B. 205-1/2 "

V.
Tallow 100 Ibs.
Cochin Cocoanut Oil 100
Castor Ol 60
Glycerine 20 "
Rosin, W. W. 20
Sugar 40 "
Water 50
Soda Lye, 36 degs. B. 164
Alcohol 8 gal.

V.
Tallow 174 Ibs.
Cocoanut Oil 114
Soda Lye, 38 degs. B. 170
Sugar 80 "
Water 72
Alcohol 16 gal.

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

SHAVING SOAPS.

The requirements of a shaving soap are somewhat different thanothather soaps. To
be a good shaving soap the lather produced therefrom must be tiemy, but not
gummy, and remain moist when formed on the face. The ss&lpshould be of a soft
consistency so as to readily adhere to the face when aosstick form. It should
furthermore be neutral or nearly so to prevent the alkali froartsmg during shaving.

Shaving soap is made in the form of a stick, and a tablaigerin the shaving mug.



Some shavers prefer to have the soap as a powder or crearh,ambiclaimed to be
more convenient methods of shaving. While a liquid shaving soap is naldsnown
because it has not yet become popular, some soap for shaving isrttagiéorm.

Formerly shaving soap was extensively made from a charge of &bparts tallow and
20 parts cocoanut oil as a boiled settled soap, but either ntakistyengthening change
with potash lye or using potash lye in saponifying the stock andmgaanth salt. Soaps
for shaving made in this manner are very unsatisfacasythey do not produce a
sufficiently thick or lasting lather and discolor very mietty upon ageing. Potassium
stearate forms an ideal lather for shaving, but readily ha®mh$ence needs some of
the softer oils, or glycerine incorporated with it to forsasisfactory soap for shaving.

The selection of materials for making a shaving soapnjgoitant. The tallow used
should be white and of high titer. Cochin cocoanut oil is tgtaderred to the other
kinds, and the alkalis should be the best for technical use thaecpurchased—76 per
cent. caustic soda and 88-92 per cent. caustic potash talelesuBy the use of stearic
acid it is a simple matter to reach the neutral point whiahbeacarefully approximated.

The following are shaving soap formulae which have been fdongive good
satisfaction:

L. Ibs.
Tallow 360
Stearic acid 40
Soda lye, 41° B. 147
Potash lye, 34° B. 87
Water 32
Gum tragacanth 1

Il. Ibs.
Tallow 282
Cocoanut oll 60
Stearic acid 50
Bayberry wax 18
Soda lye, 41° B. 147
Potash lye, 34° B. 90
Water 32

. Ibs.
Tallow 400
Cocoanut oil 176
Stearic acid 415

Caustic soda, 40° B. 182
Caustic potash, 38° B. 108

To proceed, first run into the crutcher the tallow, cocoanuamd bayberry wax when
used, and bring the temperature of the mass up to 140°-160°%dFy Byeam. Then add



the caustic soda lye and keep on heat with occasional mixingituistiall taken up.
When this stage is reached gradually add all but about Seperaf the potash lye, and
complete the saponification. This point having been reathedyeat is turned off; the
crutcher is run and the stearic acid, previously melted bystgm in a lead-lined or
enameled vessel, is run in in a continuous stream andutehiog continued for fifteen
minutes to half an hour. Samples are taken at this timega¢t@old tested by alcoholic
phenolphthalein solution. If too alkaline more stearic aciddded, if too acid more
potash lye from that previously reserved. After each additidgeobr stearic acid the
mass is crutched from 10 to 15 minutes longer, another sampééen, cooled and
again tested. When the phenolphthalein shows a very light piek sgveral minutes,
the soap is practically neutral, although at this point ondetiar judge by dissolving a
sample in hot neutralized alcohol made by putting into the alcahew drops of
phenolphthalein, and then adding weak alkali drop by drop from &duwurdil a slight
pink, not yellow, tint is obtained, and noting the color of tb&utoon. The solution
should show a very light pink when the soap is properly negda When this stage is
arrived at the gum tragacanth, previously softened in wateruished in if it is to be
added. The soap is then framed, stripped in three or four dayksaddemilled.

The formulae as given are for shaving sticks, and do not rga@ibg unless thoroughly
dried. A more satisfactory result is obtained by adding amiie25 per cent. of white
tallow base to obtain a satisfactory mug soap.

SHAVING POWDER.

Shaving powder differs from the soaps just described in being pddetizually adding
up to 5 per cent. starch to prevent caking. Any of the above,stégs$ bone dry, with
or without the addition of tallow base make a satisfactory powdehforing.

SHAVING CREAM.

Shaving cream is now a very popular shaving medium due to apidity and

convenience with which one can shave by the use of this product. Koshaving

cream was made from the liquid oils like olive oil and a fadftike lard, together with
cocoanut oil. Now, however, most of the popular shaving creamsaate from stearic
acid and cocoanut oil, as a far superior product is obtainethdyuse of these
substances. By using these a more satisfactory cream iseabtand it is far more
convenient to make. The lather also produced therefrom is maable for shaving,
being thick, creamy and remaining moist.

A few typical formulae for shaving creams of this type arfobews:

L. Ibs.
Cochin cocoanut oll 26
Stearic acid 165
Caustic potash lye, 50° B. 69
Glycerine C. P. 76
Water 38

Il. Ibs.
Cochin cocoanut oll 18

Stearic acid 73



Caustic potash lye, 39° B. 54

Glycerine 33
Water 27
. Ibs.
Cochin cocoanut oll 18
Stearic acid 73

Caustic potash lye, 39° B. 54

Glycerine 20
Water 40
and Ibs.
Stearic acid 60
Glycerine C. P. 85
Water 165
Sodium carbonate 50
Borax 1

To make a shaving cream by Formula | or I, the cocoanut oigbérine are first put
into a suitable mixing apparatus or crutcher, and heated to R2@°part or all the
potash lye is then added and the cocoanut oil saponified.eshefrthe potash lye and
the water are then added, and with the mixer running thecsteza, previously melted
in a lead-lined or enameled vessel, is then poured insineam and the mass stirred
until smooth, care being exercised not to aerate it too munehcieam is then tested for
alkalinity, the best method being by that described under shasaq s which the
sample is dissolved in alcohol. Because of the large quaaotitwater present,
phenolphthalein is unsatisfactory, as dissociation of the sagshow a pink indication
in spite of the fact the mass is on the acid side. Epick method of testing the bite on
the tongue is a satisfactory criterion. If a cooled sampés lthe tongue more stearic
acid is added until there is a 3% excess of this. When thergreptalization has taken
place the cream is perfumed and framed in a special franiemay be allowed to cool
in the mixer and perfumed the next day. When cool the cigatrained, or put through
an ointment mill, after which it is ready to fill into tubes.

The procedure for the first part of Formula Il is the sa®ehat just given. The second
part of the formula is made the same as a vanishing creawil&rpurposes. To make
this, first melt the stearic acid as already direcigidsolve the sodium carbonate and
borax in water and when dissolved add the glycerine and stin. fidwegt this solution to
about 100°-120° F. and while stirring in a suitable mixing mree into which this
solution has been poured after being heated, or better still ahwas been heated by
dry steam, add the stearic acid. Continue mixing until smaththen allow to cool, or
run into frames to cool.

When the shaving cream and vanishing cream are both cool, thayized in the
proportion of one of the former to two of the latter. It igiled that in thus making a
shaving cream a smoother product is obtained, although it may béatide vanishing
cream is merely a soft soap and the ultimate result isdahee as though the various
ingredients were added in one operation, rather than makingeprewage products and
then mixing them, thereby considerably increasing the cost of mamgfact



PUMICE OR SAND SOAPS.

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

A hand paste is usually made by merely dissolving ordinagwdiase in two or three
times its weight of hot water and mixing in the desired quantipuafice or sand and in
some instances adding a little glycerine to keep it soft soleent of some kind for
grease. It may also be made by directly incorporating any of thageatash soap.

A cold made or semi-boiled cocoanut or palm kernel oil sodpeibase used to add the
pumice or sand to in making a cake soap of this sort. The faljolermulae serve as a
guide for these soaps.

Palm Kernel or Ceylon Cocoanut Oil 705 Ibs.

Pumice (Powdered) 281

Soda Lye, 38° B. 378 "
I.

Cocoanut Oil 100 "

Soda Lye, 38° B. 55 "

Water 6

Silver Sand (fine) 60 "

To proceed place the oil in a crutcher and heat to 14&iftrin the pumice and mix
thoroughly. The lye is then added which causes a curdling ajréhe. The stirring is

continued until the grain closes and the soap is smooth, afteh Wie desired perfume
is added and the soap dropped into a frame and crutched bywhaen.the soap is set,
it is slabbed, cut into cakes, dried slightly and pressed.

LIQUID SOAPS.

Liquid soaps are merely solutions of a potash soap, ust@lyanut oil soap, although
corn oil is used to make a cheap soap. One of the difficaltiesuntered in liquid soap
is to keep it clear. At a low temperature a sedimsnfien formed, but this can be
overcome by the use of sugar and filtering the soap throughea filess at a low
temperature. In order to prevent the soap from freezinig, riecessary to lower the
freezing point by the addition of glycerine or alcohol.

To make liquid soap by any of the formulae given below, thasoflrst run into a
jacketed kettle with a stirring device, and heatedbtmua120° F. The potash lye is then
added and the oil saponified. When the saponification taleee,pespecially when
cocoanut oil is used, the mass swells rapidly and may foamtlwesides of the kettle
unless water is used to check this, or a kettle of about doiivet times the capacity of
the total charge of soap is used. When the saponification based, the sugar, borax
and glycerine are added, the water run in and the mixgtirred until the soap is
thoroughly dissolved. Heat aids materially in dissolving the sdap. soap is then
allowed to cool and if color or perfume is to be addedighirred in, after which the
soap is cooled and filtered or else run directly into barrels.



Tallow is not suitable for making a clear liquid soap since tibd high in stearine which
when formed into the stearate makes an opaque solutionofhaléde herewith given
have been found to give good practical results.

l. Ibs.
Cocoanut oil 130
Caustic potash lye, 28° B. 135
Sugar 72
Borax 2
Water 267

Il. Ibs.
Corn oll 130
Caustic potash lye, 26° B. 135
Sugar 72
Borax 2
Water 267

. Ibs.
Cocoanut oll 100

Caustic potash lye, 28° B. 102

Glycerine 100
Sugar 70
Water 833

Formulae | and Il contain about 20 per cent. fatty acids. lssiple, of course, to either
increase or decrease the percentage of fatty acid by vahgngmount of water. The
water used in making liquid soaps, of course, should be feoffhard water forms

insoluble soaps which precipitate and cause a sediment.

USE OF HARDENED OILS IN TOILET SOAPS.

While the introduction of the hydrogenation of oils is a decidddaace in the

production of suitable cheaper oils for soap making, comparafittedyhardened oil is

employed for soap making in America up to the present timézurope, however,

considerable advance has been made by the use of such oils for chamgasoap

therefrom and a number of plants turn out large quantities obggdated oils for soap
making as well as for edible purposes. Recently a companydes formed in this
country for hardening oils and it is very probable that theréutvill see this material
extensively used in our own country, as these appear to be éhgreésent hope of the
soap manufacturer as a check on the ever increasing cads @nfd oils now used in
making soap.

It is an unfortunate condition that hydrogenated oils produced abreasboll under
names which give absolutely no indication as to the oil whahldeen hardened. The
softer and cheaper oils like fish oil, linseed oil, cottodsed, etc., are generally
hardened for soap manufacture to different degrees of hardneés.iMghimpossible to
definitely state just what products as Candelite, Talgol, Kirutwl several other coined



names of hardened oils are, various investigators have experimeititethem as to
their adaptability for producing toilet soaps and found thdabla toilet soaps may be
made from them. While many objections were at first mét woncerning soaps made
from these products, as to their unsatisfactory saponificatienpoor lathering quality
of the soaps and their odor and consequent difficulty in perfumingesudts of most
investigators along these lines indicate that these in masgsovere due to prejudice
against or unfamiliarity with handling oils of this type for soakimg

In manufacturing soap from hardened oils it is usually sy to incorporate with the
charge lard, tallow, tallow oil or some other soft oil of thédure. Satisfactory bases for
toilet soaps, made as boiled settled soap by the use of Talgloiufatedly hardened fish
oil), are said to be made by the formi#8ebelow.

Tallow 45 parts
Talgol 40
Cocoanut Oil 15

Il.
Cocoanut Oil (Ceylon) 6
Tallow 12 "
Talgol, Extra 12 "

The method of boiling a soap of this type does not differ naditefrom that of making
settled tallow soap base. The soap itself has a differenttioglora straight tallow base,
but is said to make a very satisfactory soap for milling and tf beod appearance.

Satisfactory transparent soaps are made from the hardér@ahdelite, which replaces
the tallow in transparent soap formulae such as have altesaty given in the section
under "Transparent Soaps.” The method of manufacturing a soépe hyse of this

product varies in no way from the usual method employed for makingsbaps.

Since hydrogenated oils are high in stearine, their use winghaoaps is a decided
advantage. It has previously been pointed out that potassiumtetéaras an ideal
lather for shaving, and in the hydrogenating process the oleimigrted to stearine.
Thus a hardened oil is advantageous in a shaving soap. As aplexdm cold made
soap for shaving the following may be tak&h.

Talgol Extra 50 Ibs.
Cocoanut Oil 10"
Lard 10"

Soda Lye, 38°B. 20"
Potash Lye, 37°B. 21"

This soap may be made in a crutcher by the method generatlyiusnaking soap by
the cold process.

TEXTILE SOAPS.

Soap is a very important product to every branch of the textilasiry. For woolen



fabrics it is used for scouring, fulling and throwing the woolthe silk industry it is
necessary for degumming the raw silk, as well as for dy#&irthe cotton mills it is used
to finish cotton cloth and to some extent in bleaching, ifurthermore, employed in a
number of ways in the manufacture of linen. Large quantitiesay are thus consumed
in an industry of so great an extent and the requirementssitateslifferent soaps for
the different operations. We will, therefore, consider thesketail.

SCOURING AND FULLING SOAPS FOR WOOL.

The soaps used to scour wool and for fulling the woven clothusuwally made as
cheaply as possible. They are, however, generally pure sadfing material such as
sodium silicate does not readily rinse out of the wool and il aseall must be added
very sparingly. Both cold made and boiled settled soaps ade flor this purpose. The
soap is generally sold in barrels, hence is run directtiigee from the crutcher or soap
kettle. As cold made soaps the following serve for wool scourifigjlong.

Palm Oil 200 Ibs.
Bone Grease 460 "
Soda Lye, 36° B. 357"
Water 113"
Soda Ash 50"
Citronella 2"

Il
Palm Oil (Calabar, unbleached) 155"

House Grease 360 "
Soda Lye, 36° B. 324"
Water 268"
Sodium Silicate 83"
1.
House Grease 185"
Palm Qil (unbleached) 309"
Soda Lye, 36° B. 309"
Water 391"
Soda Ash 70"
Sodium Silicate 60 "
Corn Starch 10"

These soaps are made in a crutcher by the usual procesddfonade soaps, crutched
until smooth, dropped into a barrel and crutched by hand the nexardagt before
cooling.

As a settled soap for these operations the following chargpicsik

Palm QOil 34 parts



Cottonseed foots or its equivalent in fatty acids 33 "
Rosin 10 "

House Grease 23 "

The method of boiling such a soap is the same as for atigdsebap up to the
strengthening change. When this stage is reached, sufficieist &ddled to strengthen
the kettle strongly. It is then boiled down with closed steamsalt brine or "pickle"

until a sample of the lye taken from the bottom stands at 16B-2PRe soap is then run
into barrels and after standing therein for a day is hamtherd until cool to prevent
streaking of the soap.

Besides a soap of this type a settled tallow chip soap is used.

WOOL THROWER'S SOAP.

Soaps for wool throwing are sometimes made from olive oil fbotshese are often
objected to because of the sulphur-like odor conveyed to the clotlo thee method by
which this oil is extracted with carbon disulphide. A potasapshardened somewhat
with soda is also used. As a formula for a suitable soapsfyie this may be given.

Olive Qil Foots 12 parts
Corn Oill 46 "
House Grease 20"
Soda Lye, 36° B. 3"

Potassium Carbonate (dry) 5-3/4"
Potassium Hydrate (solid) 23"

This soap is made as a "run" soap by the general directi@aslplgiven for a soap thus
made. The kettle is boiled with open and closed steam, auditey very slowly and
aiming to obtain a 220-225 per cent. yield or fatty acid content ofrtisaéd soap of 46
per cent. When the soap is finished a sample cooled on aplgtess should be neither
slippery or short, but should string slightly. The finished soaprigirectly into barrels.

A soap for wool throwing by the semi-boiled process may be rradeolive oil foots
in a crutcher thus:

Olive Qil Foots 600 lbs.
Potash Lye, 20° B. 660 "

The oil is heated to 180° F., the lye added and the massl stittiéit bunches, when it is
dropped into barrels.

WORSTED FINISHING SOAPS.

For the finishing of worsted cloth soaps high in cocoanut oil &n gaernel oil are
preferred. These soaps are finished very neutral, being madgtlag soaps, but given
an extra wash change after strengthening strongly. They endfitiished as usual and
run into barrels. If framed too hot, the high percentageooba&nut oil causes mottling,
which is prevented by crutching by hand until the temperattitbe soap is 140°-145°
F. Some typical charges, all of which are saponified with sod&djey:



Palm Kernel Oll 60 parts

Corn Ol 40"
Il
Palm Kernel Oil 30"
Red Qil (single pressed) 70"
.
Red QOil 33-1/3"
Corn Ol 33-1/3 "

Cocoanut Oil or Palm Kernel Oil 33-1/3 "

SOAPS USED IN THE SILK INDUSTRY.

Soap is used to a very large extent in silk mills, botldémumming the raw silk and in
silk dyeing. Raw silk consists of the true silk fiore knownfiasoin and a gummy
coating, sericin, which dulls the lustre of the silk uslesmoved. For this purpose a
slightly alkaline olive oil foots soap is best adapted, althquajm oil and peanut oll
soaps are sometimes used, as well as soaps made from aat@ntowhhouse grease to
the extent of 30 per cent., together with red oil or stradtgih soaps, both of which are
artificially colored green. In using house grease, if 30 pemt. is exceeded in
combination with red oil, the titer is raised to such atemt that the soap does not
readily rinse from the silk nor dissolve readily. They@s® 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 settled soap, care
being taken to thoroughly boil the mass on the saponificatiange in the closed state
to assure proper saponification. The kettle is usually graindlye and given a good
wash change to remove the excess strength. The change previounistrshould not
be too heavy or too large a nigre results. The lighter the gathe better the finished
kettle is. A yield of 150 per cent. is usually obtained. Thpsis generally run to a
frame, slabbed upon cooling and packed directly into wooden cases.

For silk dyeing the above soap is suitable, although any welersaap of good odor
and not rancid is useable. While soap alone is often us#tkeibath for silk dyeing,
certain dyestuffs require the addition of acetic or sulphuid; atich sets free the fatty
acids. If these be of bad odor it is taken up by the silkigmtifficult to remove. The
most generally used soaps are the just mentioned olive fogt®saasoap made from a
good grade red oil.

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

In the manufacture of cotton goods, as compared to the wool landdiistries, very

much less soap is used and it is only applied to theh&didabric either to clean the
cloth preparatory to dyeing or to aid in dyeing with certaitors. It is also used in
calico printing. For cleansing the cloth ordinary chip soapitalsle although a more
alkaline soap finished as a curd soap is an advantage ithéhétee alkali contained
therein aids in removing the dirt and has no harmful effedthencotton. For dyeing



cotton goods or to brighten certain colors after dyeing an olivebots soap is most
generally employed. In calico printing soap is used to washcksadt the cloth after
printing. A soap for this purpose should be easily soluble temand contain no free
alkali, rosin or filler. The best soaps for use in caligatprg are either an olive oil foots
soap or an olein soap.

SULPHONATED OILS.

While sulphonated oils are not used to any great extent in thefatdure of soap, they
are used very largely in the dyeing and printing of turkey éimdrime reds on cotton as
well as other colors. Just what action these oils have i&kmawn. Turkey red oil or

sulphonated castor oil is the best known sulphonated oil.

The process of making these oils is simple. The equipmeptsary is a wooden tank
or barrel of suitable capacity, approximately two and &timaés the amount of oil to be
treated. There are furthermore required other tanks or seasskbld the solutions used
such as caustic soda, ammonia and acid. The tank to befarstte preparation of

sulphonated oil should be provided with a valve at the bottom oftkeatad a gauge to

measure the quantity of liquid therein.

The process is carried out as follows:

Three hundred pounds of castor oil are placed in the tank apdus@ls at 66 deg. B.
sulphuric acid are weighed out in another vessel. The acid istauthe tank containing
the oil in a very thin stream while the oil is wellrstd. At no time should the
temperature exceed 40 deg. C. This operation should consumastatate hour and
stirring should be continued half an hour longer to insure threulgb mixing of the oil
with the acid. The mass is then allowed to settle fon@4rs, after which 40 gallons of
water are added and the mixture stirred until it has f@umicreamy color indicating no
dark streaks. This mixing process should be carefully camig and when completed
allowed to settle 36 hours. At this point the mass wilehseparated into two layers, the
lower layer consisting of a water solution of acid and theeupayer of oil. The former
is run out through the valve located at the bottom of the tank. Anotsdr may now be
given or dispensed with as desired. In this wash the additiont @ saddium sulphate at
the rate of 1-1/2 pounds per gallon of water is advisable. A 84 Blecaustic soda
solution is prepared and added slowly to the acidified @i wonstant stirring. The
mass first turns creamy, then becomes streaked, increimsisigeaks as the caustic
solution is poured in, and finally becomes clear and transpaké@tér is now added to
bring the volume to 75 gallons. The oil is now milky in appeardnaethe addition of a
little more soda solution restores the transparency.

In some cases ammonia is used in addition to causticisodaitralizing the oil. Three-
fourths of the amount of caustic soda required to complete teatieation is first

added and then the neutralization is completed with a one téiqoiet ammonia and
water solution.

FOOTNOTES:

Seifensieder Ztg., 40, 47, 1266 (1913).

Seifensieder Ztg. (1913), p. 334 and 338.
" " (1912), p. 1229 and 1257.

Seifensieder Ztg. (1912), p. 954.




CHAPTER YV

Glycerine Recovery.

The recovery of glycerine is very closely allied with thepsoeking industry, because
glycerine is the very valuable by-product obtained in the sapoiuficaf oils and fats.

No soap plant is, therefore, fully equipped unless it has soethoth whereby the
glycerine is recovered and the importance of recovering tlidupt cannot be too
strongly emphasized.

It has already been pointed out that neutral fats or the glgseare a combination of
fatty acid with glycerine. These are split apart in the ggef saponification. While by
the termsaponificationas used in soap making it is inferred that this is thebguation
of caustic alkalis with the fatty acids to form soap, thisgntis by no means limited to
this method of saponification, as there are various otlehads of saponifying a fat.
The chemical definition of saponification is the conversion ofeater, of which
glycerides are merely a certain type, into an alcohol anacahor a salt of this acid.
Thus, if we use caustic alkali as our saponifying agentaftat or oil, we obtain the
sodium or potassium salt of the higher fatty acids or soaphanal¢ohol, glycerine. On
the other hand, if we use a mineral acid as the saponifying agerdbtain the fatty
acids themselves in addition to glycerine. While the forimday far the most generally
employed for making soap, other processes consist in saponifygnéatis by some
method other than caustic alkalis and then converting thedaittig into soap by either
neutralizing them with sodium or potassium carbonate or hydrate.

It is important to again point out here that fats and oils dpvélee fatty acid of
themselves and that the development of this acid represents @ Igh/cerine. The
selection of an oil or fat for soap making should therefora farge extent be judged as
to its adaptability by the free fatty acid content, a&stilgher this content is, the greater
is the loss in the glycerine eventually obtained. Glycerine oferesents the only profit
to a soap manufacturer. It is indeed necessary tongieethe percentage of free fatty
acid before purchasing a lot of stock to be made into soap.

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

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

2. Where the glycerine is obtained by saponifying the fats obgiome other method
than the above, of which there are the following:

(a) Twitchell process.

(b) Saponification by lime in autoclave.
(c) Saponification by acid.

(d) Saponification by water in autoclave.
(e) Fermentative (Enzymes).

(f) Krebitz process.

RECOVERY OF GLYCERINE FROM SPENT LYE.

The spent lye obtained from the glycerine changes in making so@s gaeatly, the



quality depending upon the stock saponified and the soap me#tez'sn handling the
operation. No two lyes run exactly alike as to proportiorthef various ingredients,
although they are all similar in containing the same subssaeither in solution or
suspension. Spent lye is a water solution of mainly glycerine alkali either as caustic
alkali or carbonate and salt, including sodium sulfate, but furibee contains some
soap and albuminous matter either in solution or suspension. ktpading in the
storage tank the greater part of the soap usually sepafzeste lye cools. In order to
assure the greatest economical yield of glycerine by saponifyetgaath caustic soda it
is necessary to obtain a proportion of three parts of watevdry part of fat made into
soap. Test runs have shown that this is the proper proportion andt tisanot
economical to greatly exceed this amount, and if a muclpteg®rtion is used the full
yield of glycerine is not obtained.

The spent lyes contain varying amounts of glycerine, the ditange being richest in
glycerine content, and this being reduced in the subsequent chdrbeslyks always

run high in glycerine it is an indication that it is not b#ing obtained. The usual
percentage is from 0.5% to 5% or even more, although the avsrsgmewhere around
2% to 3%. The lye as it comes from the kettle should not coatgirmore than 0.5% to
0.6% of free alkali calculated as sodium carbonateCla. If the proportion is higher

than this, it shows that the saponification has been cordiwgth too high a proportion
of alkali, a condition which should be corrected in the ketitan. An excess of free
alkali does not interfere to any great extent with the successiNery of the glycerine,

but is a waste of both alkali and the acid used in neutrglidiis. It is, therefore, more
economical to run a strong lye over fresh stock and neadrtile alkali thus, rather than
treating the lye for glycerine recovery.

Before the spent lye can be run into the evaporator it is s@geso remove the
albuminous impurities and soap and to neutralize the exdess tal between exactly
neutral and 0.02% alkalinity. The lye should never be fed h@atvaporator in the acid
condition.

In order to treat the spent lyes for evaporation, they ase difowed to cool in the
storage tank, after which any soap which may have sepaisatskimmed off and

returned to the soap kettle. This lye is then pumped toréla¢nent tank, an ordinary
tank equipped with some method of agitating the liquor, elijea mechanical stirrer,
steam blower or compressed air, until it is about two feet the top.

After the lye has been skimmed off it is thoroughly agitatedl @ sample taken. The
amount of lye in the tank is then calculated. Spent lye asitab.09 times heavier than
water, or weighs about 9 pounds to the gallon. While the samieing tested for
alkalinity it is advisable to add sulfate of alumina, whiohy be dissolving while the
sample is being titrated. This substance should be added pnapertion 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 thdusasufficient, but
for an impure lye a greater quantity is necessary. Thetswfaalumina used should be
free from arsenic and sulfides and should contain a minismmount of grit (silica), as
grit reduces the life of the pump valves. This may be estonatth sufficient accuracy
by rubbing the filtered-off portions, insoluble in water betweerfitigeers and a plate of
glass. The object of adding the sulfate of alumina isatiestorm the soap contained in
the lye into the insoluble aluminum soaps, and at the same tino@agulate the
albuminous impurities. It must be remembered that the sufa®imina is added only
for the fresh lye put into the tank. Thus if there were 10,000 paafrigls in the treating
tank when the fresh lye was run in, and 50,000 pounds when thestéitd, adding
nine pounds of sulfate of alumina per thousand of lye, only 360 poundd i®waidded



or enough for 40,000 pounds. Sulfate of alumina neutralizes one-thitsl wéight of
caustic.

To determine the alkali in the sample, 10 cubic centimeterpipetted into a beaker, a
little distilled water added, then 3 or 4 drops of phenolphitaledicator. From a
burette, quarter normal (N/4) sulfuric acid is added until pingk color is just
discharged. When this point is reached 4 to 5 c. c. more dfaei added and the
solution is boiled to expel the carbon dioxide. Should the solutiom pink, it is
necessary to add more acid. After having boiled for 3 narites, N/4 caustic soda is
added until the pink color just returns and the amount of causticusedas read on the
burette. The difference between the number of cubic centingétiid sulfuric acid and
N/4 caustic soda gives the amount of alkali in the sample. Bg @asiO c. c. sample and
N/4 sulfuric acid and N/4 caustic soda each c. c. nbthby the difference of these two
solutions is equal to one-tenth of one per cent. (0.1%) of theatkédi in the lye. As an
example, say we first used 7.7 c. c. of N/4 sulfuric &giglist discharge the pink, then
added 4 c. c. more, or 11.7 c. c. in total. After boilingquired 5.3 c. c. to bring back a
slight pink, the total alkalinity would be 11.7 c. c. - 5.3 c= 6.4 c. c., or 0.64% total
alkali in the lye in terms of caustic soda. If there wer@@®pounds of lye to be treated
then we should have to neutralize:

40,000 x .0064 = 256 Ibs. alkali. Since sulfate of alumina newsabne-third of its
weight in caustic, and there are say 9 Ibs. of this agdedhousand pounds of lye we
would add

40,000 x 9 = 360 Ibs. of sulfate of alumina. This would neutralize 368 = 120 Ibs of

alkali. There are then 256 - 120 = 136 Ibs. of alkali stilbeé neutralized. If 60° B.
sulfuric acid is used it requires about 1.54 Ibs. of acid to onedpoiicaustic. Therefore
to neutralize the caustic soda remaining it requires:

136 x 1.54 = 209.44 |bs. 60° B. sulfuric acid to neutralizetabad alkali in the 40,000
pounds of spent lye.

The acid is added and the lye well stirred, after whidther sample is taken and again
titrated as before. From this titration the amount of acidet@dded is again calculated
and more acid is added if necessary. Should too muchhaeiel been added, caustic
soda solution is added until the lye is between exactly neutdaD£2% alkaline. The
filtered lyes at this stage have a slight yellowish cast.

To be sure that the lyes are treated correctly theptatidn test is advisable. To carry
this out filter about 50 c. c. of the treated lye and divide iwb portions in a test tube.
To one portion add ammonia drop by drop. If a cloudiness developsshp&img, more
alkali is added to the lye in the tank. To the other portionadew drops of 1 to 5
sulfuric acid and shake the test tube. If a precipitate developise solution clouds,
more acid is needed. When the lyes are treated right no ésasdshould develop either
upon adding ammonia or the dilute acid.

The properly treated lye is then run through the filter pveste slightly warm and the
filtered lye is fed to the evaporator from the filtergd tank. The lye coming from the
filter press should be clear and have a slight yellowish Aasthe pressure increases it
is necessary to clean the press or some of the pressvidbkass through the cloths.
Where sodium silicate is used as a filler, the silicat@p should never be returned to
the soap kettle until the glycerine lyes have been withdrawis practice of some
soapmakers is to be strongly censured, as it causes deciuadtgiin filtering the lye,
since during the treatment of the lye, free silicic acid itomtdl form is produced by the
decomposition of the sodium silicate by acid. This often preverdsriif the treated lye



even at excess pressure and at its best retards thedilteri

As to the filter press cake, this may be best thrown away $small factory. Where,
however, the output of glycerine is very large it pays to recootr the fatty acids and
alumina in the press cakes.

In some cases, especially when the lyes are very dirtyhentbtal residue in the crude
glycerine runs high, for which there is a penalty usually atthchelouble filtration of
the lye is advisable. This is carried out by first making thesligitly acid in reaction by
the addition of alum and acid, then filtering. This filtergd iIs then neutralized to the
proper point with caustic, as already described, and passed throdilfietipeess again.

While in the method of treating the lyes as given sulfurid &ciused for neutralizing,
some operators prefer to use hydrochloric acid, as this forhisinsochloride or
common salt, whereas sulfuric acid forms sodium sulfateng&/b the graining power
of salt, which eventually renders the salt uselessrnigg the soap, as the percentage
of sodium sulfate increases in the salt. When the salt osri2&i per cent. sodium sulfate
it is advisable to throw it away. Sulfuric acid, howevercomsiderably cheaper than
hydrochloric and this more than compensates the necessity of hawengntually reject
the recovered salt. It may here also be mentioned that recbsalt contains 5-7 per
cent. glycerine which should be washed out in the evaporatorebiefis thrown away.
The following tables give the approximate theoretical an®wfitacids 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.
292 " 20°B. " " wooow "
258 " 22°B.

For 1 pound of caustic soda—

1.93 Ibs. 50° B. sulphuric acid are required.
154" 60°B. A
1.28 * 66°B. " R "

It is, of course, feasible to neutralize the spent lye witfoat determining the
causticity by titrating a sample and this is often theecal’he operator under such
conditions first adds the sulfate of alumina, then the acid, Ugings paper as his
indicator. Comparatively, this method of treatment is muchel@md not as positive, as
the amount of acid or alkali to be added is at all timesrtaioe for in the foaming of
the lyes their action on litmus is misleading.

After the lye has been filtered to the filtered lye tadinkis fed to the evaporator, the
method of operation of which varies somewhat with differgriestor makes. When it
first enters the evaporator the lye is about 11°-12° B. Ajtgling the density will

gradually rise to 27° B. and remain at this gravity for edgime and during which time
most of the salt is dropped out in the salt filter. As lghee concentrates the gravity
gradually rises to 28°-30° B., which is half crude glycerine ematains about 60 per
cent. glycerine. Some operators carry the evaporation tqtiig and accumulate a
quantity of half crude before going on to crude. After half crudebtined the

temperature on the evaporator increases, the vacuum incesmbése pressure on the
condensation drain goes up (using the same amount of live stesute Aquor grows



heavier the amount of evaporation is less, and less steagguired necessitating the
regulation of the steam pressure on the drum. When a tempecdt@i0° F. on the
evaporator, with 26 or more inches vacuum on the pump is arriydldeacrude stage
has been reached and the liquor now contains about 80 per cestinglyin which
shape it is usually sold by soap manufacturers. A greater dosito@m requires more
intricate apparatus. After settling a day in the crude taiskditummed.

Crude glycerine (about 80 per cent. glycerol) free frolnis83° B., or has a specific
gravity of 1.3. A sample boiled in an open dish boils at a teryeraf 155° C. or over.

TWITCHELL PROCESS.

The Twitchell process of saponification consists of causingl@ost complete cleavage
of fats and oils by the use of the Twitchell reagent or sapgndiesulfo-aromatic
compound. This is made by the action of concentrated sulfudcugon a solution of
oleic acid or stearic acid in an aromatic hydrocarbon. Fydénper cent. to 3 per cent. of
the reagent is added and saponification takes place from h2w8 by heating in a
current of live steam. The reaction is usually accelerayethe presence of a few per
cent. of free fatty acids as a starter. Recently thdchell double reagent has been
introduced through which it is claimed that better colorety fatids are obtained and
the glycerine is free from ash.

The advantages claimed for the Twitchell process as outliyedoslif!?l are as
follows:

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

2. The liquors contain 15-20 per cent. glycerine whereas spentdpé&sn but 3-5 per
cent. necessitating less evaporation and consequently bemggetonomical in steam,
labor and time.

3. No salt is obtained in the liquors which makes the evaporaheaper and removes
the cause of corrosion of the evaporator; also saves the glycetained by the salt.

4. The glycerine liquors are purer and thus the treatmettieofyes is cheaper and
simpler and the evaporation less difficult.

5. The glycerine can readily be evaporated to 90 per cent. @tiae than 80 per cent.
crude, thus saving drums, labor in handling and freight. Theegne furthermore

receives a higher rating and price, being known as sapdiuficarude which develops
no glycols in refining it.

6. The fatty acids obtained by the Twitchell saponifier maygdmeverted into soap by
carbonates, thus saving cost in alkali.

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

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

While the advantages thus outlined are of decided value in tipdoyment of the
Twitchell process, the one great disadvantage is that theafatty obtained are rather
dark in color and are not satisfactorily employed for thakimg of a soap where
whiteness of color is desired.

To carry out the process the previously heated oil or fat todmngied is run into a lead



lined tank. As greases and tallow often contain impuritipseiminary treatment with
sulfuric acid is necessary. For a grease 1.25 per cent.lfoivager and half 66° B.
sulfuric acid is the approximate amount. The undiluted 66° B. sloadild never be
added directly, as the grease would be charred by thésgfidase should be agitated by
steam after the required percentage of acid, calculatedeoweight of the grease, has
been added. The wash lye coming off should be 7°-10° B. on adeaad grease or
15°-22° B. on cotton oil or a poor grease. As has been statgdethee is heated before
the acid is added or the condensation of the steam necedsieateklition of more acid.
After having boiled for 1-2 hours the grease is allowecettdesfor 12 hours and run off
through a swivel pipe.

After the grease has been washed, as just explained, aled,sétts pumped into a
covered wooden tank containing an open brass coil. Some of thedshe from a
previous run is usually left in this tank and the grease pdrimte this. The amount of
this lye should be about one-third to one-half the weight of thesgreo that there is
about 60 per cent. by weight of grease in the tank after 24 Hmilieg. Where
occasions arise when there is no second lye about 50 pelbgentight of distilled
water to the amount of grease is run into the tank to replee lye. The saponifier is
then added through a glass or granite ware funnel after the coatehtes tank have
been brought to a boil. If the boiling is to be continued 48 hours, 1 penfsaponifier
is added. For 24 hours boiling add 1.5 per cent. The boiling is codtfou@4-48 hours
allowing 18 inches for boiling room or the grease will boil over

After boiling has continued the required length of time thessmia settled and the
glycerine water is drawn off to the treatment tank. Shouldrag®ent emulsion have
formed, due to adding too great an amount of saponifier, @ $ittifuric acid (0.1 per
cent.-0.3 per cent.) will readily break this. During thmeetithis is being done the space
between the grease and the cover on the tank is kept filledteam as contact with the
air darkens the fatty acids.

To the grease remaining in the tank distilled water (condensted fs@m steam coils) to
one-half its volume is added and the boiling continued 12-24 hoursgréase is then
settled and the clear grease run off through a swivel pidayex of emulsion usually
forms between the clear grease and lye so that it maly éasdetermined when the
grease has all been run off. To prevent discoloration of thedaids it is necessary to
neutralize the lye with barium carbonate. The amount of thie tadded depends upon
the percentage of saponifier used. About 1/10 the weight of sapoisifilie right
amount. The barium carbonate is added through the funnel at tbé ttogp tank mixed
with a little water and the lye tested until it is matto methyl orange indicator. When
the fatty acids are thus treated they will not darken upposxe to the air when run
off.

Fresh grease is now pumped into the lye or water remaimitige tank and the process
repeated.

The glycerine water or first lye is run to the treatmiamk, the fat skimmed off and
neutralized with lime until it shows pink with phenolphthaleinteafhaving been
thoroughly boiled with steam. About 0.25 per cent. lime ispittger amount to add.
The mixture is then allowed to settle and the supernatextting drawn off and run to
the glycerine evaporator feed tank. The lime which holds cordildeglycerine is
filtered and the liquor added to the other. The evaporatioariged out in two stages.
The glycerine water is first evaporated to about 60 per cenergly¢hen dropped into a
settling tank to settle out the calcium sulfate. The clgaoliis then evaporated to crude
(about 90 per cent. glycerine) and the sediment filtered andaporated to crude.



As to the amount of saponifier to use on various stocks, thissisdetermined by
experiment as to how high a percentage gives dark colorgdafatts. For good stock
such as clean tallow, prime cottonseed oil, corn oil, cocoahandistock of this kind
0.75 per cent. saponifier is sufficient. For poorer grades ofamallouse grease, poor
cottonseed oil, etc., 1 per cent. saponifier is requireda@naborer grade greases higher
percentages. The percentage of fatty acids developed variesansvstocks, and also
varies with the care that the operation is carried out, dutsually between 85 per
cent.-95 per cent. Due to the water taken up in the sapatiofn process there is a yield
of about 103 pounds of fatty acids and glycerine for 100 pounds of fat.

The Twitchell reagent has undoubtedly caused a decided advancesapdmdication of
fats and oils and has been of great value to the soap mamafabecause with a small
expenditure it is possible to compete with the much more expensgiwipneent
necessary for autoclave saponification. The drawback, howeverbdes that the
reagent imparted a dark color to the fatty acids obtainedtaldecomposition products
forming when the reagent is made, and hence is not suitablgsé in soaps where
whiteness of color is desired.

There have recently been two new reagents introduced veuthas catalyzers in
splitting fats, just as the Twitchell reagent acts, butf#ity acids produced by the
cleavage are of good color. The saponification, furthermore, alkes more rapidly.
These are the Pfeilring reagent and Kontact reagent.

The Pfeilring reagent is very similar to the Twitchelagent, being made from
hydrogenated castor oil and naphthalene by sulfonation with ciwated sulfuric acid.

It is manufactured in Germany and is being extensively urséaat country with good

success.

The Kontact or Petroff reagent, discovered by Petroff in iRussmade from sulfonated
mineral oils. Until very recently it has only been manufactunddurope, but now that it
has been found possible to obtain the proper mineral constituemt American
petroleum, it is being manufactured in this country, and itery probable that it will
replace the Twitchell reagent because of the advantages deyivesihg it, as compared
to the old Twitchell reagent.

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

AUTOCLAVE SAPONIFICATION.

While the introduction of the Twitchell process to a greatréxteplaced the autoclave
method of saponification for obtaining fatty acids for soap makinguteclave method
is also used. This process consists in heating the preyipusfied fat or oil in the
presence of lime and water, or water only, for several hadrigh causes a splitting of
the glycerides into fatty acids and glycerine. The advantag@totlave saponification
over the Twitchell process is that a greater cleavage datheand oils results in less
time and at a slightly less expense. The glycerine thus obt&@nalso purer and of
better color than that obtained by Twitchelling the fats.

An autoclave or digestor consists of a strongly constructededal cylindrical tank,
usually made of copper, and is so built as to resist ift@megsure. The digestor is
usually 3 to 5 feet in diameter and from 18 to 25 feet Highay be set up horizontally
or vertically and is covered with an asbestos jacket torré¢he heat. Various inlets and
outlets for the fats, steam, etc., as well as a pregsurge and safety valve are also a



necessary part of the equipment.

LIME SAPONIFICATION.

The saponification in an autoclave is usually carried oubtsgducing the fats into the

autoclave with a percentage of lime, magnesia or zinc oxigether with water. If the

fats contain any great amount of impurities, it is firstassary to purify them either by a
treatment with weak sulfuric acid, as described underTikigchell process, or by

boiling them up with brine and settling out the impurities fromhibiefat.

To charge the autoclave a partial vacuum is created therewmnidgnsation of steam just
before running the purified oil in from an elevated tank. Téguired quantity of
unslaked lime, 2 to 4 per cent. of the weight of the fatumsin with the molten fat,
together with 30 per cent. to 50 per cent. of water. While @&r cent. lime is
theoretically required, practice has shown that 2 per aedtper cent. is sufficient. The
digestor, having been charged and adjusted, steam is turraed @npressure of 8 to 10
atmospheres maintained thereon for a period of six to ten Heamgples of the fat are
taken at various intervals and the percentage of free daitls determined. When the
saponification is completed the contents of the autoclave amevesl, usually by
blowing out the digestor into a wooden settling tank, or by first runninp@fglycerine
water and then blowing out the lime, soap and fatty acidsméss discharged from the
digestor separates into two layers, the upper consisting aktarenof lime soap or
"rock" and fatty acids, and the lower layer contains the glycenineweet" water. The
glycerine water is first run off through a clearing tank orseiparator, if this has not
been done directly from the autoclave, and the mass remaiisiged once or twice
more with water to remove any glycerine still retained bylithe soap. The calculated
amount of sulfuric acid to decompose the lime "rock" is théded, and the mass
agitated until the fatty acids contained therein are entir¢liyee2 Another small wash is
then given and the wash water added to the glycerine whisdg run off. The
glycerine water is neutralized with lime, filtered and @ntcated as in the Twitchell
process.

Due to the difficulties of working the autoclave saponificatiathwme, decomposing
the large amount of lime soap obtained and dealing with much gyfmsomad thereby
which collects as a sediment and necessitates cleanirtgrikg other substances are
used to replace lime. Magnesia, about 2 per cent. of thghtvei the fat, is used and
gives better results than lime. One-half to 1 per centinaf oxide of the weight of the
fat is even better adapted and is now being extensively engpfoyehis purpose. In
using zinc oxide it is possible to recover the zinc saltsumedthem over again in the
digestor, which makes the process as cheap to work as widy With far more
satisfactory results.

ACID SAPONIFICATION.

While it is possible to saponify fats and oils in an alatee with the addition of acid to

the fat, unless a specially-constructed digestor is bugltattion of the acid on the metal
from which the autoclave is constructed prohibits its use. adi@ saponification is

therefore carried out by another method.

The method of procedure for acid saponification, therefore,fisst purify the fats with
dilute acid as already described. The purified, hot or warm falrys then run to a
specially-built acidifier or a lead-lined tank and from 4 pent. to 6 per cent. of
concentrated sulfuric acid added to the fat, depending upaihdtracter, the degree of



saponification required, temperature and time of saponificatiolenfperature of 110
degrees C. is maintained and the mass mixed from fosix tbours. The tank is then
allowed to settle out the tar formed during the saponificatiod, the fatty acids run off
to another tank and boiled up about three times with onettierdmount of water. The
water thus obtained contains the glycerine, and after neutralizatomcentrated.

AQUEOUS SAPONIFICATION.

While lime or a similar substance is ordinarily used im ia splitting fats in an
autoclave, the old water process is still used. Thisderaenient, though slower and
more dangerous method, of producing the hydrolysis of the glycerideglbasnthe
simplest in that fatty acids and glycerine in a water smiuéire obtained. The method
consists in merely charging the autoclave with fats anthgdabout 30 per cent. to 40
per cent. of their weight of water, depending on the amount of féi&¢ acid and
subjecting the charge to a pressure of 150 to 300 pounds, unsplitteng has taken
place. This is a much higher pressure than when lime isamsktherefore a very strong
autoclave is required. Since fatty acids and pure glycerinerwae obtained no
subsequent treatment of the finished charge is necessapt sgparating the glycerine
water and giving the fatty acids a wash with wateramove all the glycerine from
them.

SPLITTING FATS WITH FERMENTS.

In discussing the causes of rancidity of oils and fats it pested out that the initial
splitting of these is due to enzymes, organized ferment$elsd¢eds of the castor oil
plant, especially in the protoplasm of the seed, the enzyme \Wwhihhe property of
causing hydrolysis of the glycerides is found. The ferment fronsekes of the castor
oil plant is now extracted and used upon a commercial basis ittingdiats.

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

The oils are first heated and run into this tank. The righpegature to heat these to is
about 1 degree to 2 degrees above their solidification point. For bisid3 degrees C.
is the proper heat as under 20 degrees C. the cleavageladeslowly. Fats titering 44
degrees C. or above must be brought down in titer by mixing weth tls of a lower
titer as the ferment or enzyme is killed at about 45 degreasddhus loses its power of
splitting. It is also necessary to have the fat in the liquié stathe ferment does not act.
The proper temperature must be maintained with dry steam.

It is, of course, necessary to add water, which may bekantly desired, condensed,
water from steam coils, well, city, etc. From 30 partcéo 40 per cent., on the average
35 per cent. of water is added, as the amount necessary isegd@aans to not dilute the
glycerine water unnecessarily. To increase the hydrolysidadyzer, some neutral salt,
usually manganese sulfate is added in the proportion of 0.15 perappears to vary
directly as the saponification number of the fat or oil. @pproximate percentages of
fermentive substance to be added to various oils and fats follow:

Cocoanut oil 8%
Palm Kernel oil 8%
Cottonseed oil 6-7%



Linseed oil 4-5%
Tallow ol 8-10%

The oil, water, manganese sulfate and ferment having beeedin the tank in the
order named, the mixture is agitated with air for about atguaf an hour to form an
even emulsion, in which state the mass is kept by stirringsgmeally with air while the
saponification is taking place. A temperature is mainthimelegree or two above the
titer point of the fat with closed steam which may be aidg covering the tank for a
period of 24 to 48 hours. The splitting takes place rapidlyrstt then proceeds more
slowly. In 24 hours 80 per cent. of the fats are split and in 48 B&upgr cent. to 90 per
cent.

When the cleavage has reached the desired point the massed tte80 degrees-85
degrees C. with live or indirect steam while stirring véth Then 0.1 per cent.-0.15 per
cent of concentrated sulfuric acid diluted with watendsled to break the emulsion.
When the emulsion is broken the glycerine water is alibteesettle out and drawn off.
The glycerine water contains 12 per cent. to 25 per cent. gigcemd contains
manganese sulfate, sulfuric acid and albuminous matter. Thnoegginalization with
lime at boiling temperature and filtration the impuritie& @most all be removed after
which the glycerine water may be fed to the evaporator. Shoulbe idesired to
overcome the trouble due to the gypsum formed in the glyceringmaéreatment may
be combined with a previous treatment of the glycerine watdr atium hydrate to
remove the sulfuric acid, then later oxalic acid to preciita¢ lime.

The fatty acids obtained by splitting with ferments areeyly good color and adaptable
for soap making.

KREBITZ PROCESS.

The Krebitz process which has been used to some extentrapdeis based upon the
conversion of the fat or oil into lime soap which is transforrméal the soda soap by the
addition of sodium carbonate. To carry out the process a convenienvhatais, 10,000
pounds of fat or oil, is run into a shallow kettle containing 1,200 to Jpd06ds of lime
previously slaked with 3,700 to 4,500 pounds of water. The madswy heated with
live steam to almost boiling until an emulsion is obtaindte Tank is then covered and
allowed to stand about 12 hours. The lime soap thus formewppet from the tank
into the hopper of a mill, finely ground and conveyed to a leeching Téwekglycerine is
washed out and the glycerine water run to a tank for evapardtfen soap is then
further washed and these washings are run to other tanks todbevesegain to wash a
fresh batch of soap. About 150,000 pounds of water will washsbap made from
10,000 pounds of fat which makes between 15,000 and 16,000 pounds dfteoist
wash contains approximately 10 per cent. glycerine and underaprccircumstances
this only need be evaporated for glycerine recovery.

After extracting the glycerine the soap is slowly introduged & boiling solution of
sodium carbonate or soda ash and boiled until the soda hasecegtaclime. This is
indicated by the disappearance of the small lumps of lime saaysti€ soda is then
added to saponify the fat not converted by the lime sapomiicathe soap is then
salted out and allowed to settle out the calcium carbomais.drops to the bottom of
the kettle as a heavy sludge entangling about 10 per cent. edape A portion of this
soap may be recovered by agitating the sludge with heat and waterguhgsoap off
the top and filtering the remaining sludge.



While the soap thus obtained is very good, the percentage of glyaegovered is
greatly increased and the cost of alkali as carbonatesisTike disadvantages are many.
Large quantities of lime are required; it is difficult ®cover the soap from the lime
sludge; the operations are numerous prior to the soap makingr peoderather
complicated apparatus is required.

DISTILLATION OF FATTY ACIDS.

The fatty acids obtained by various methods of saponificatian be further improved
by distillation.

In order to carry out this distillation, two methods may besped, first, the continuous
method, whereby the fatty acids are continually distilled ffee to six days, and,
second, the two phase method, whereby the distillation contiouel6fto 20 hours,
after which the residue is drawn off, treated with aar its distillate added to a fresh
charge of fatty acids. The latter method is by far the lseste the advantages derived
by thus proceeding more than compensate the necessity of clebairggill. Better
colored fatty acids are obtained; less unsaponifiable mattamitained therein; there is
no accumulation of impurities; the amount of neutral fat ssdaed because the
treatment of the tar with acid causes a cleavage ofdbeah fat and the candle tar or
pitch obtained is harder and better and thus more valuable.

The stills are usually built of copper, which are heatedbbth direct fire and
superheated steam. Distillation under vacuum is advisablebe@in the distilling
operation, the still is first filled with dry hot fatty ids to the proper level. Superheated
steam is then admitted and the condenser is first heatprbvent the freezing of the
fatty acids, passing over into same. When the temperagaches 230 deg. C. the
distillation begins. At the beginning, the fatty acids flow friva condenser, an intense
green color, due to the formation of copper soaps produced bytiba af the fatty
acids on the copper still. This color may easily be removed bynigeaith dilute acid to
decompose the copper soaps.

In vacuum distillation, the operation is begun without the use afwac Vacuum is

introduced only when the distillation has proceeded for a &ineethe introduction of
this must be carefully regulated, else the rapid influenceactium will cause the
contents of the still to overflow. When distillation has beguoonstant level of fatty
acids is retained therein by opening the feeding valve to santkthe heat is so
regulated as to produce the desired rate of distillationscss as the distillate flows
darker and slower, the feeding valve to the still is shuawdf the distillation continued
until most of the contents of the still are distilled offigh is indicated by a rise in the
temperature. Distillation is then discontinued, the still stawn, and in about an hour
the contents are sufficiently cool to be emptied. The ressluean off into a proper

receiving vessel, treated with dilute acid and used idistgélation of tar.

In the distillation of tar the same method as the abovelliswed, only distillation
proceeds at a higher temperature. The first portion angdason of the distillate from
tar are so dark that it is necessary to add themtesh tharge of fatty acids. By a well
conducted distillation of tar about 50 per cent. of the fattgs from the tar can be used
to mix with the distilled fatty acids. The residue oktbperation called stearine pitch or
candle tar consists of a hard, brittle, dark substancetiElaitch only results where
distillation has been kept constant for several days withtertrirpting the process, and
re-distilling the tar. In a good distillation the distiltati loss is 0.5 to 1.5% and loss in
pitch 1.5%. Fatty acids which are not acidified deliver al®3atof pitch. Very impure
fats yield even a higher percentage in spite of acidifying.aHong time it was found



impossible to find any use for stearine pitch, but in recesmisya use has been found for
same in the electrical installation of cables.

FOOTNOTES:

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

CHAPTER VI

Analytical Methods.

While it is possible to attain a certain amount of efficiein determining the worth of

the raw material entering into the manufacture of sbapugh organoleptic methods,
these are by no means accurate. It is, therefore, necéssavert to chemical methods
to correctly determine the selection of fats, oil or othertamiogs used in soap making,
as well as standardizing a particular soap manufacturedoapdoperly regulate the

glycerine recovered.

It is not our purpose to cover in detail the numerous analyticalesses which may be
employed in the examination of fats and oils, alkalis, soapglycerine, as these are
fully and accurately covered in various texts, but rather to givéybtiee necessary tests
which ought to be carried out in factories where large arsoahtsoap are made.
Occasion often arises where it is impossible to employ misheyet it is possible to
have this work done by a competent person or to have someone ihstigelf as just
how to carry out the more simple analyses, which is negrg difficult matter. The
various standard solutions necessary to carrying out the sitit@éons can readily be
purchased from dealers in chemical apparatus and it doesak®tektraordinary
intelligence for anyone to operate a burette, yet in many sleauspn this country
absolutely no attention is paid to the examining of raw natehough many thousand
pounds are handled annually, which, if they were more carefxdijmi@med would result
in the saving of much more money than it costs to examime trehave them at least
occasionally analyzed.

ANALYSIS OF FATS AND OILS.

In order to arrive at proper results in the analysis of arfail, it is necessary to have a
proper sample. To obtain this a sample of several of theagas of oil or fat is taken
and these mixed or molten together into a composite sample whisadsn making the
tests. If the oil or fat is solid, a tester is usedaking the sample from the package and
if they are liquid, it is a simple matter to draw offiaiform sample from each package
and from these to form a composite sample.

In purchasing an oil or fat for soap making, the manufactsingsually interested in the
amount of free fatty acid contained therein, of moisture,titke the percentage of
unsaponifiable matter and to previously determine the color g sdach will be
obtained where color is an object.

DETERMINATION OF FREE FATTY ACIDS.



Since the free fatty acid content of a fat or oil reprissaross of glycerine, the greater
the percentage of free fatty acid, the less glycerine is ioedtan the fat or oil, it is
advisable to purchase a fat or oil with the lower free atltgr properties and the price
being the same.

While the mean molecular weight of the mixed free fattysagaties with the same and
different oils or fats and should be determined for any qdati analysis for accuracy,
the free fatty acid is usually expressed as oleic adiich has a molecular weight of
282.

To carry out the analysis 5 to 20 grams of the fat aglved out into an Erlenmeyer
flask and 50 cubic centimeters of carefully neutralizextadl are added. In order to
neutralize the alcohol add a few drops of phenolphthalein soldisarhe and add a
weak caustic soda solution drop by drop until a very faint polkr is obtained upon
shaking or stirring the alcohol thoroughly. The mixture of fat medtralized alcohol is
then heated to boiling and titrated with tenth normal alksdlution, using
phenolphthalein as an indicator. As only the free fatty aardsreadily soluble in the
alcohol and the fat itself only slightly mixes with it, tHask should be well agitated
toward the end of the titration. When a faint pink color riesafter thoroughly
agitating the flask the end point is reached. In order to leédcthe percentage of free
fatty acid as oleic acid, multiply the number of cubic aaaters of tenth normal alkali
used as read on the burette by 0.0282 and divide by the numbemsfajréat taken for
the determination and multiply by 100.

When dark colored oils or fats are being titrated it tsroflifficult to obtain a good end
point with phenolphthalein. In such cases about 2 cubic centsnetea 2 per cent.
alcoholic solution of Alkali Blue 6 B is recommended.

Another method of directly determining the free fatty acid aunté tallow or grease
upon which this determination is most often made is to weighinto an Erlenmeyer
flask exactly 5.645 grams of a sample of tallow or greasel &ldout 75 cubic
centimeters of neutralized alcohol. Heat until it boilen titrate with tenth normal
alkali and divide the reading by 2, which gives the percentaffeefatty acid as oleic.
If a fifth normal caustic solution is used, the readingtenburette gives the percentage
of free fatty acid directly. This method, while it elimiratbe necessity of calculation, is
troublesome in that it is difficult to obtain the exact weighfiadf

MOISTURE.

To calculate the amount of moisture contained in a fat & twl 10 grams are weighed
into a flat bottom dish, together with a known amount of clely,sand, if it is so
desired. The dish is then heated over a water bath, ceeatperature of 100-110 degs.
C., until it no longer loses weight upon drying and reweighing iste @ne hour should
elapse between the time the dish is put on the water hdttha time it is taken off to
reweigh. The difference between the weight of the dishti®puhe water bath and the
time it is taken off when it reaches a constant weightasture. This difference divided
by the original weight of the fat or oil x 100 gives the percentgeoisture.

When highly unsaturated fats or oils are being analyzed fortun®jsan error may be
introduced either by the absorption of oxygen, which is acceterat higher
temperature, or by the formation of volatile fatty acids. fOinmer causes an increase in
weight, the latter causes a decrease. To obviate thisaltbee operation of drying
should be carried out in the presence of some inert gas likedgrrcarbon dioxide, or
nitrogen.



TITER.

The titer of a fat or oil is really an indication of thenount of stearic acid contained
therein. The titer, expressed in degrees Centigrade, sotitification point of the fatty
acids of an oil or fat. In order to carry out the operatoentigrade thermometer
graduated in one or two-tenths of a degree is necessary. Waimeter graduated
between 10 degs. centigrade to 60 degs. centigrade isdagsec and the graduations
should be clear cut and distinct.

To make the determination about 30 grams of fat are roughly vekighe metal dish
and 30-40 cubic centimeters of a 30 per cent. (36 degs. Baohdpn of sodium
hydroxide, together with 30-40 cubic centimeters of alcohol, tdesd alcohol will do,
are added and the mass heated until saponified. Heat owsv #ame or over an
asbestos plate until the soap thus formed is dry, conststittiyng the contents of the
dish to prevent burning. The dried soap is then dissolved in ab@@@ cubic
centimeters of water, being certain that all the alcohsldsen expelled by boiling the
soap solution for about half an hour. When the soap is in solaiioh sufficient
sulphuric acid to decompose the soap, approximately 100 cubimetsis of 25 degs.
Baumé sulphuric acid, and boil until the fatty acids form arclayer on top of the
liquid. A few pieces of pumice stone put into the mixture wikvyant the bumping
caused by boiling. Siphon off the water from the bottom of teke dnd wash the fatty
acids with boiling water until free from sulphuric acid. Cdllthe fatty acids in a small
casserole or beaker and dry them over a steam bath or dryerg at 110 degs.
Centigrade. When the fatty acids are dry, cool them to aboded®. above the titer
expected and transfer them to a titer tube or short testmuoioé is firmly supported by
a cork in the opening of a salt mouth bottle. Hang the thermometecdnd from above
the supported tube so it reaches close to the bottom whentitethtebe containing the
fatty acids and so that it may be used as a stirrertt&timass rather slowly, closely
noting the temperature. The temperature will gradually falindutihe stirring operation
and finally remain stationary for half a minute or so thsa from 0.1 to 0.5 degs. The
highest point to which the mercury rises after having beatiosary is taken as the
reading of the titer.

DETERMINATION OF UNSAPONIFIABLE MATTER.

In order to determine the unsaponifiable matter in fatsodladhey are first saponified,
then the unsaponifiable, which consists mainly of hydrocarbonshanigher alcohols
cholesterol or phytosterol, is extracted with ether or petroleiher, the ether
evaporated and the residue weighed as unsaponifiable.

To carry out the process first saponify about 5 grams obrfaiil with an excess of
alcoholic potassium hydrate, 20-30 cubic centimeters of a 1 solliflon of potassium
hydroxide in alcohol until the alcohol is evaporated over a stetin Wash the soap
thus formed into a separatory funnel of 200 cubic centime@pscity with 80-100
cubic centimeters water. Then add about 60 cubic centimetethaf petroleum ether
or 86 degs. gasoline and thoroughly shake the funnel to extract the nifiabje
Should the two layers not separate readily, add a few cubionetets of alcohol, which
will readily cause them to separate. Draw off the wagetytion from beneath and wash
the ether with water containing a few drops of sodium hydratewantb another dish.
Pour the watery solution into the funnel again and repeat thactatr once or twice
more or until the ether shows no discoloration. Combine the efttiactions into the
funnel and wash with water until no alkaline reaction is okthifrom the wash water.
Run the ether extract to a weighed dish, evaporate and ddyyrapa drying oven. As



some of the hydrocarbons are readily volatile at 100 degsig@etd, the drying should
not be carried on any longer than necessary. The residue is then wamgtbeé original
weight of fat taken divided into the weight of the residue x 10@sythe percentage
unsaponifiable.

TEST FOR COLOR OF SOAP.

It is often desirable to determine the color of the finisbeap by a rapid determination
before it is made into soap. It often happens, especially thé tallows, that a dark
colored sample produces a light colored soap, whereas a bleayittecblored tallow
produces a soap off shade.

To rapidly determine whether the color easily washes btietallow with lye, 100
cubic centimeters of tallow are saponified in an enametedon dish with 100 cubic
centimeters of 21 degs. Baumé soda lye and 100 cubic censroétdgnatured alcohol.
Continue heating over a wire gauze until all the alcohol islexpand then add 50
cubic centimeters of the 21 degs. Baumé lye to grain the sdlap the lyes to settle
and with an inverted pipette draw off the lyes into & tiélse or bottle. Close the soap
with 100 cubic centimeters of hot water and when closechagain with 50 cubic
centimeters of the lye by just bringing to a boil over amdiame. Again allow the lyes
to settle and put aside a sample of the lye for comparis@eaRéhe process of closing,
graining and settling and take a sample of lye. If the dystill discolored repeat the
above operations again or until the lye is colorless. Ordinatithelcolor will come out
with the third lye. The soap thus obtained contains consigevedter which makes it
appear white. The soap is, therefore, dried to about 15 perngeisture and examined
for color. The color thus obtained is a very good criterion aghtt may be expected in
the soap kettle.

By making the above analyses of fats or oils the main prepeat to their adaptability
for being made into soap are determined. In some casesiadiypghere adulteration or

mixtures of oils are suspected, it is necessary to furthelyze same. The methods of
carrying out these analyses are fully covered by various texfats and oils and we

will not go into details regarding the method of procedure in carriieggetout.

TESTING OF ALKALIS USED IN SOAP MAKING.

The alkalis entering into the manufacture of soap sultaastic soda or sodium
hydroxide, caustic potash or potassium hydrate, carbonate of seddiem carbonate,
carbonate of potash or potassium carbonate usually contain iepuwkitich do not
enter into combination with the fats or fatty acids to fawmap. It is out of the question
to use chemically pure alkalis in soap making, hence it énhafecessary to determine
the alkalinity of an alkali. It may again be pointed out thagaponifying a neutral fat or
oil only caustic soda or potash are efficient and the carbaoatained in these only
combines to a more or less extent with any free fatiysambntained in the oils or fats.
Caustic soda or potash or lyes made from these alkalis upon exposine air are
gradually converted into sodium or potassium carbonate by thenastithe carbon
dioxide contained in the air. While the amount of carbonate tragefl is not very great
and is greatest upon the surface, all lyes as well adicalkalis contain some
carbonate. This carbonate introduces an error in the amaysiaustic alkalis when
accuracy is required and thus in the analysis of causticaopletash it is necessary to
remove the carbonate when the true alkalinity as sodium hyeéraxidpotassium
hydroxide is desired. This may be done by titration in alcolbich has been
neutralized.



In order to determine the alkalinity of any of the above mentiaikalis, it is first
necessary to obtain a representative sample of the substapeeahalyzed. To do this
take small samples from various portions of the package andireortiiem into a
composite sample. Caustic potash and soda are hygroscopic rapttssahould be
weighed at once or kept in a well stoppered bottle. Sodiupptaissium carbonate can
be weighed more easily as they do not rapidly absorb moistureHmairt

To weigh the caustic soda or potash place about five gramsvegich glass on a
balance and weigh as rapidly as possible. Wash into a 500 earitimeter volumetric
flask and bring to the mark with distilled water. Pipeatff 50 cubic centimeters into a
200 cubic centimeter beaker, dilute slightly with distillwdter, add a few drops of
methyl orange indicator and titrate with normal acid. For thilbareates about 1 gram
may be weighed, washed into a 400 cubic centimeter beakeeddiith distilled water,
methyl orange indicator added and titrated with normal acids Hdvisable to use
methyl orange indicator in these titrations as phenolphthaleiffeisted by the carbon
dioxide generated when an acid reacts with a carbonate andatagsge the proper end
point, unless the solution is boiled to expel the carbon dioxitteuk may also be used
as the indicator, but here again it is necessary to baididmn dioxide also affects this
substance. As an aid to the action of these common indi¢htofsllowing table may
be helpful:

Indicator. Color in Acid Solution. Color in Alkaline SolutioAction of CQ.
Methyl orange Red Yellow Very slightly acid
Phenolphthalein Colorless Red Acid

Litmus Red Blue Acid

It may be further stated that methyl orange at the neutral pardnge in color.

To calculate the percentage of effective alkali from the abitgidns, it must be first
pointed out that in the case of caustic potash or soda aliquainsosare taken. This is
done to reduce the error necessarily involved by weighindieaalisorption of water is
decided. Thus we had, say, exactly 5 grams which weighedgbadas by the time it
was balanced. This was dissolved in 500 cubic centimetersatdr vand 50 cubic
centimeters or one tenth of the amount of the solution was,takeén each 50 cubic
centimeters there were 0.505 grams of the sample. We rdticed the error of
weighing by one tenth provided other conditions introduce no errdhelitase of the
carbonates the weight is taken directly.

One cubic centimeter of a normal acid solution is the equivalent of:

Grams.
Sodium Carbonate, N&@0O3 0.05305
Sodium Hydroxide, NaOH 0.04006
Sodium Oxide, NgO 0.02905
Carbonate KCO3 0.06908
Potassium Hydroxide, KOH 0.05616
Potassium Oxide, O 0.04715

Hence to arrive at the alkalinity we multiply the numbercwbic centimeters, read on
the burette, by the factor opposite the terms in which weedsexpress the alkalinity,



divide the weight in grams thus obtained by the original weidt@ntaand multiply the

result by 100, which gives the percentage of alkali in the prepmst For example, say,
we took the 0.505 grams of caustic potash as explained abovweaguiced 8.7 cubic

centimeter normal acid to neutralize the solution, then

8.7 x .05616 = .4886 grams KOH in sample

.4886
----- x 100 = 96.73% KOH in sample.
.505

Caustic potash often contains some caustic soda, and wisilpassible to express the
results in terms of KOH, regardless of any trouble that beagaused by this mixture in
soap making, an error is introduced in the results, not alllkadi being caustic potash.
In such cases it is advisable to consult a book on analgsibe analysis is far more
complicated than those given we will not consider it. Thegmes of carbonates, as
already stated, also causes an error. To overcome thalkidle is titrated in absolute

alcohol, filtering off the insoluble carbonate. The soluble porisocaustic hydrate and

may be titrated as such. The carbonate remaining on tregdper is dissolved in water
and titrated as carbonate.

SOAP ANALYSIS.

To obtain a sample of a cake of soap for analysis is arrdiffieult matter as the
moisture content of the outer and inner layer varies consideréblpvercome this
difficulty a borer or sampler may be run right through the adlsoap, or slices may be
cut from various parts of the cake, or the cake may be curwandhrough a meat
chopper several times and mixed. A sufficient amount of aogemeous sample
obtained by any of these methods is preserved for the entireianglyeeping the soap
in a securely stoppered bottle.

The more important determinations of soap are moisture, diledi, or fatty acid,
combined alkali and total fatty matter. Besides thesg difften necessary to determine
insoluble matter, glycerine, unsaponifiable matter, rosin and sugar.

MOISTURE.

The analysis of soap for moisture, at its best, is mosttigfectory, for by heating it is
impossible to drive off all the water, and on the other handtil®loils driven off by
heat are a part of the loss represented as moisture.

The usual method of determining moisture is to weigh 2 to Bgmef finely shaved
soap on a watch glass and heat in an oven at 105 degreef @ fdhours. The loss in
weight is represented as water, although it is really isiplesto drive off all the water
in this way.

To overcome the difficulties just mentioned either the SmitRadrion method may be
used. Allen recommends Smith's method which is said toubigul to within 0.25 per
cent. Fahrion's method, according to the author, gives reliabldts to within 0.5 per
cent. Both are more rapid than the above manipulation. Ty cat the method of
Smith, 5 to 10 grams of finely ground soap are heated ovemdalsth with a small
Bunsen flame beneath it, in a large porcelain crucible. Adeaing takes 20 to 30
minutes, or until no further evidence is present of water beingrdoff. This may be
tested by the fogging of a cold piece of glass held over th@bte immediately upon



removing the burner. When no fog appears the soap is considerefingriumps of
soap may be broken up by a small glass rod, weighed withrticéble, and with a
roughened end to more easily separate the lumps. Should thieusoafhis can readily
be detected by the odor, which, of course, renders the anabalisss. The loss in
weight is moisture.

By Fahrion's methd&], 2 to 4 grams of soap are weighed in a platinum crucible and
about three times its weight of oleic acid, which has beerdtieatl20 degrees C. until

all the water is driven off and preserved from moistureggdded and reweighed. The
dish is then cautiously heated with a small flame utitthe water is driven off and all
the soap is dissolved. Care must be exercised not to heagtdy di the oleic acid will
decompose. The moment the water is all driven off a clear@olist formed, provided

no fillers are present in the soap. The dish is then copladdessicator and reweighed.
The loss in weight of acid plus soap is moisture and islleasd on the weight of soap
taken. This determination takes about fifteen minutes.

FREE ALKALI OR ACID.
(a) Alcoholic Method.

Test a freshly cut surface of the soap with a few drogddlcoholic phenolphthalein
solution. If it does not turn red it may be assumed fress fatesent; should a red color
appear, free alkali is present. In any case dissolve 2gi@arhs of soap in 100 cubic
centimeters of neutralized alcohol and heat to boilingl imtsolution. Filter off the
undissolved portion containing carbonate, etc., and wash witbhal Add
phenolphthalein to the filtrate and titrate with N/10 aamdl calculate the per cent. of
free alkali as sodium or potassium hydroxide. Should theatBltbe acid instead of
alkaline, titrate with N/10 alkali and calculate the pettage of free fatty acid as oleic
acid.

The insoluble portion remaining on the filter paper is washigd water until all the

carbonate is dissolved. The washings are then titrated witB Bulfuric acid and

expressed as sodium or potassium carbonate. Should borates tassiiegresent it is
possible to express in terms of these. If borax is presewtthen dioxide is boiled off
after neutralizing exactly to methyl orange; cool, add maramite phenolphthalein and
titrate the boric acid with standard alkali.

(b) Bosshard and Huggenberg Method.[14!

In using the alcoholic method for the determination of the dtkali or fat in soap there
is a possibility of both free fat and free alkali being présUpon boiling in an alcoholic
solution the fat will be saponified, thus introducing an errdh@analysis. The method
of Bosshard and Huggenberg overcomes this objection. Their methodeily 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 continel N/40 stearic
acid.

3. N/40 stearic acid. Preparation: About 7.1 grams ofisteaid are dissolved in one



liter of absolute alcohol, the solution filtered, the stremigttermined by titration against
N/10 NaOH and then protected in a well stoppered bottldetter still connected
directly to the burette.

4. A 10 per cent. solution of barium chloride. Preparation: 100gycdrbarium chloride
are dissolved in one liter of distilled water and filter&he neutrality of the solution
should be proven as it must be neutral.

5. a naphtholphthalein indicator according to Sorenson. Preparatibngr@m ofa
naphtholphthalein is dissolved in 150 cubic centimeters of alcahdl 100 cubic
centimeters of water. For every 10 cubic centimetersgofdiuse at least 12 drops of
indicator.

6. Phenolphthalein solution 1 gram to 100 cubic centimeter 96 pelatsitiol.

7. Solvent, 50 per cent. alcohol neutralized.
MANIPULATION.

First—Determine the strength of the N/10 alcoholic sodium hydeoki terms of N/10
hydrochloric acid and calculate the factor, e. g.:

10 c.c. N/10 alcoholic NaOH =9.95 N/10 HC9}

10 c.c. N/10 alcoholic NaOH =9.96 N/10 HCI}

The alcoholic N/10 NaOH has a factor of 0.996.

Second—Control the N/40 stearic acid with the above alkali &irolis factor, e. g.:

40 c.c. N/40 alcoholic stearic acid = 10.18 c.c. N/10 NaO}H } 5
40 c.c. N/40 alcoholic stearic acid = 10.22 c.c. N/10 NaOH }

10.2 x F N/10 NaOH (0.996) = Factor N/40 stearic acid
~.Factor N/40 stearic acid = 1.016.

Third—About 5 grams of soap are weighed and dissolved in 100 cemiicneters of 50
per cent. neutralized alcohol in a 250 cubic centimeter Edgamflask over a water
bath and connected with a reflux condensor. When completelghaids which takes
but a few moments, it is cooled by allowing a stream of ng\water to run over the
outside of the flask.

Fourth—The soap is precipitated with 15 to 20 cubic centimetetke 10 per cent.
barium chloride solution.

Fifth—After the addition of 2 to 5 cubic centimetersoofiaphtholphthalein solution the
solution is titrated with N/40 alcoholic stearic aaidnaphtholphthalein is red with an
excess of stearic acid. To mark the color changes it isadueito first run a few blanks
until the eye has become accustomed to the change in theandictite same way. The
change from green to red can then be carefully observed.

Let us presume 5 grams of soap were taken for the anah@i20 cubic centimeters of
N/40 stearic acid were required for the titration thermdlculate the amount of NaOH
since the stearic factor is 1.016.

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



1 cubic centimeter N/40 stearic acid = 0.02 per cent. NaOH dwams soap.

A 20.32 cubic centimeters N/40 stearic acid = 0.02 x 20.32qyer NaOH for 5 grams
soap.

Hence the soap contains 0.4064 per cent. NaOH.

It is necessary, however, to make a correction by thikade When the free alkali
amounts to over 0.1 per cent. the correction is + 0.01, and tukdnee alkali exceeds
0.4 per cent. the correction is + 0.04, hence in the aboeewsasnultiply 0.004064 by
0.04, add this amount to 0.004064 and multiply by 100 to obtairrtie percentage.
Should the alkalinity have been near 0.1 per cent. we would haliplied by 0.01 and

added this.

If carbonate is also present in the soap, another 5 gramspoisstiasolved in 100 cubic
centimeters of 50 per cent. alcohol and the solution titrditedttly after cooling with
N/40 stearic acid, using naphtholphthalein or phenolphthalein as an indicator, without
the addition of barium chloride. From the difference of the titrations the alkali
present as carbonate is determined.

If the decomposed soap solution is colorless with phenoligivhdree fatty acids are
present, which may be quickly determined with alcoholic N/10 sotiyainoxide.

INSOLUBLE MATTER.

The insoluble matter in soap may consist of organic or inorgaistances. Among the
organic substances which are usually present in soap aneeaftbran, sawdust, etc.,
while among the common inorganic or mineral compounds are pusilee, clay, talc,
zinc oxide, infusorial earth, sand or other material usedl@sf{i

To determine insoluble matter, 5 grams of soap are disswivEs cubic centimeters of
hot water. The solution is filtered through a weighed goouhilale or filter paper. The
residue remaining on the filter is washed with hot wateit alhthe soap is removed, is
then dried to constant weight at 105 degrees C. and weighed. Reodifference in

weight of the gooch or filter paper and the dried residue renggihereon after filtering

and drying, the total percentage of insoluble matter may dasitglculated. By igniting
the residue and reweighing the amount of insoluble mineral medterbe readily

determined.

STARCH AND GELATINE.

Should starch or gelatine be present in soap it is necessaxyract 5 grams of the soap
with 100 cubic centimeters of 95 per cent. neutralized alcohabwxhlet extractor until
the residue on the extraction thimble is in a powder formetlessary the apparatus
should be disconnected and any lumps crushed, as these ntaiy soap. The residue
remaining on the thimble consists of all substances preseoam imsoluble in alcohol.
This is dried and weighed so that any percentage of impunitieactually determined
can be found by difference. Starch and gelatine are sepamateddrbonate, sulfate and
borate by dissolving the latter out through a filter withdcealater. The starch and
gelatine thus remaining can be determined by known methodsh staithe method of

direct hydrolysig®! and gelatine by Kjeldahling and calculating the corresponding
amount of gelatine from the percentage of nitrogen (17.9%) tHé?&in.

TOTAL FATTY AND RESIN ACIDS.



To the filtrate from the insoluble matter add 40 cubic cestiéns of half normal sulfuric
acid, all the acid being added at once. Boil, stir thoroufghrhlsome minutes and keep
warm on a water bath until the fatty acids have colleated clear layer on the surface.
Cool by placing the beaker in ice and syphon off the acid watengh a filter. Should
the fatty acids not readily congeal a weighed amount of drie¢H#dabees-wax or
stearic acid may be added to the hot mixture. This fustdste hot mass and forms a
firm cake of fatty acids upon cooling. Without removing thgyfacids from the beaker,
add about 300 cubic centimeters of hot water, cool, syphon ofvalter through the
same filter used before and wash again. Repeat washingingcaand syphoning
processes until the wash water is no longer acid. Wherstdnge is reached, dissolve
any fatty acid which may have remained on the filter \uith 95 per cent. alcohol into
the beaker containing the fatty acids. Evaporate the alcottblday the beaker to
constant weight over a water bath. The fatty acids thus obtespeelsent the combined
fatty acids, uncombined fat and hydrocarbons.

DETERMINATION OF ROSIN.

If resin acids are present, this may be determined bli#ieermann-Storch reaction. To
carry out this test shake 2 cubic centimeters of the fatty adid<$ cubic centimeters of
acetic anhydride; warm slightly; cool; draw off the anhydride antlatl sulfuric acid.
A violet color, which is not permanent, indicates the presehcesin in the soap. The
cholesterol in linseed or fish oil, which of course may besgmtin the soap, also give
this reaction.

Should resin acids be present, these may be separated Dyittigell method, which
depends upon the difference in the behavior of the fatty andaeisi® when converted
into their ethyl esters through the action of hydrochloric acid. Mg be carried out as
follows:

Three grams of the dried mixed acids are dissolved iouBt centimeters of absolute
alcohol in a 100 cubic centimeter stoppered flask; the fida&ed in cold water and
shaken. To this cooled solution 25 cubic centimeters of absaltgbol saturated with
dry hydrochloric acid is added. The flask is shaken occasjomadl the action allowed
to continue for twenty minutes, then 10 grams of dry graraifer chloride are added,
the flask shaken and again allowed to stand for twenty minutesohitents of the flask
are then poured into 200 cubic centimeters of water in a 500 cuttimeter beaker and
the flask rinsed out with alcohol. A small strip of zingplaced in the beaker and the
alcohol evaporated. The beaker is then cooled and transfergedeparatory funnel,
washing out the beaker with 50 cubic centimeters of gasiimibng below 80 degrees
C.) and extracting by shaking the funnel well. Draw off thd aolution after allowing
to separate and wash the gasoline with water until foze frydrochloric acid. Draw off
the gasoline solution and evaporate the gasoline. Dissolvegtaeie in neutral alcohol
and titrate with standard alkali using phenolphthalein as anaitmdicOne cubic
centimeter of normal alkali equals 0.346 grams of rosin. Tb&n may be
gravimetrically determined by washing the gasoline extrath wiater, it not being
necessary to wash absolutely free from acid, then adding @rd gf potassium
hydroxide and 5 cubic centimeters of alcohol in 50 cubic cergnetf water. Upon
shaking the resin acids are rapidly saponified and extraoyethe dilute alkaline
solution as rosin soaps, while the ethyl esters remasolirtion in the gasoline. Draw
off the soap solution, wash the gasoline solution again withedélikali and unite the
alkaline solutions. Decompose the alkaline soap solution withxesss of hydrochloric
acid and weigh the resin acids liberated as in the deteromnaittotal fatty acids.



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

Leiste and Stiep€i’l have devised a simpler method for the determination of rosin.
They make use of the fact that the resin acids as sodiura amapoluble in acetone and
particularly acetone containing two per cent. water, whilddttg acid soaps are soluble
in this solvent to the extent of only about 2 per cent. Birstl it is necessary to show
that the sample to be analyzed contains a mixture of resinatgchtids. This may be
done by the Liebermann-Storch reaction already described. riBly¢erterferes with the
method. Two grams of fatty acids or 3 grams of soap aighe® in a nickel crucible
and dissolved in 15-20 cubic centimeters of alcohol. The soligidhen neutralized
with alcoholic sodium hydroxide, using phenolphthalein as an indicahar. mass is
concentrated by heat over an asbestos plate until a slighfofilns over it. Then about
10 grams of sharp, granular, ignited sand are stirred in by mearspatula, the alcohol
further evaporated, the mixture being constantly stirred andttioeaughly dried in a
drying oven. The solvent for the cooled mass is acetone containing @ypewater. It is
obtained from acetone dried by ignited sodium sulfate and addieg @ent. water by
volume. One hundred cubic centimeters of this solvent arecisutfifor extracting the
above. The extraction of the rosin soap is conducted by addingbi® aentimeters of
acetone eight times, rubbing the mass thoroughly with a spatdlalecanting. The
decanted portions are combined in a beaker and the suspenglesbé&gs allowed to
separate. The mixture is then filtered into a previously weiflask and washed several
times with the acetone remaining. The solution of rosin sbapld show no separation
of solid matter after having evaporated to half the volumeadliosving to cool. If a
separation should occur another filtration and the slightest possbklang is necessary.
To complete the analysis, the acetone is completely evapaatethe mass dried to
constant weight in a drying oven. The weight found gives the weidgtie rosin soap.
In conducting the determination, it is important to dry thetone of soap and sand
thoroughly. In dealing with potash soaps it is necessary toagepthe fatty acids from
these and use them as acetone dissolves too great a quantityastasoatp.

TOTAL ALKALL.

In the filtrate remaining after having washed theyfattids in the determination of total
fatty and resin acids all the alkali present as soap, ber@te and as hydroxide remains
in solution as sulfate. Upon titrating this solution withf medrmal alkali the difference
between the half normal acid used in decomposing the soaalkadidused in titrating
the excess of acid gives the amount of total alkali in thp. 8y deducting the amount
of free alkali present as carbonate or hydroxide previously fobedamount of
combined alkali in the soap may be calculated.

To quickly determine total alkali in soap a weighed portion of thp say be ignited to
a white ash and the ash titrated for alkalinity using methyl orasge indicator.

UNSAPONIFIED MATTER.

Dissolve 5 grams of soap in 50 cubic centimeters of 5@et. alcohol. Should any
free fatty acids be present neutralize them with stanaltedi. Wash into a separatory
funnel with 50 per cent. alcohol and extract with 100 cubicioet¢rs of gasoline,
boiling at 50 degrees to 60 degrees C. Wash the gasoline weh diaw off the watery
layer. Run the gasoline into a weighed dish, evaporate the glablichnd weigh the
residue as unsaponified matter. The residue contains any hydrocalban faits not



converted into soap.

SILICA AND SILICATES.

The insoluble silicates, sand, etc., are present in thedresidue in the determination
of insoluble matter. Sodium silicate, extensively used asea, filbwever, will only show
itself in forming a pasty liquid. Where it is desired teteimine sodium silicate, 10
grams of soap are ashed by ignition, hydrochloric acid adddtetash in excess and
evaporated to dryness. More hydrochloric acid is then added anchdks is again
evaporated until dry; then cooled; moistened with hydrochlorid; dissolved in water;
filtered; washed; the filtrate evaporated to dryness gathaaken up with hydrochloric
acid and water; filtered and washed. The precipitategshame combined and ignited.
Silicon dioxide (SiQ) is thus formed, which can be calculated to sodium silicate
(NapSisOg). Should other metals than alkali metals be suspected prisdiitrate from
the silica determinations should be examined.

GLYCERINE IN SOAP.

To determine the amount of glycerine contained in soap dissblgeaPns in hot water,
add a slight excess of sulfuric acid and keep hot until the feittg &orm as a clear layer
on top. Cool the mass and remove the fatty acids. Filteadigesolution into a 25 cubic
centimeter graduated flask; bring to the mark with waterdetermine the glycerine by
the bichromate method as described under glycerine analysis.

When sugar is present the bichromate would be reduced by thehsrgas,this method
is not applicable. In this case remove the fatty acids agehafieutralize an aliquot
portion with milk of lime, evaporate to 10 cubic centimgetexdd 2 grams of sand and
milk of lime containing about 2 grams of calcium hydroxide amdporate almost to
dryness. Treat the moist residue with 5 cubic centimeted6 pkr cent. alcohol, rub the
whole mass into a paste, then constantly stirring, heat catex wath and decant into a
250 cubic centimeter graduated flask. Repeat the washingbwitlbic centimeters of
alcohol five or six times, each time pouring the washingstim flask; cool the flask to
room temperature and fill to the mark with 96 per cafdohol, agitate the flask until
well mixed and filter through a dry filter paper. Take 200ic centimeters of the nitrate
and evaporate to a syrupy consistency over a safety waterWash the liquor into a
stoppered flask with 20 cubic centimeters of absolute alcaddl 30 cubic centimeters
of absolute ether 10 cubic centimeters at a time, shakingaftedleach addition and let
stand until clear. Pour off the solution through a filter intwegghed dish and wash out
the flask with a mixture of three parts absolute ether amdpavts absolute alcohol.
Evaporate to a syrup, dry for one hour at the temperatueilong water, weigh, ignite
and weigh again. The loss is glycerine. This multiplied by 5/dggihe total loss for the
aliquot portion taken. The glycerine may also be determined bgcttéen or bichromate
methods after driving off the alcohol and ether if so desired.

SUGAR IN SOAP.

To determine sugar in soap, usually present in transpamaps,sdecompose a soap
solution of 5 grams of soap dissolved in 100 cubic centimefe®towater with an
excess of hydrochloric acid and separate the fatty asidswal. Filter the acid solution
into a graduated flask and make up to the mark. Take muoal containing
approximately 1 per cent. of reducing sugar and determine thenamiosugar by the

Soxhlet methodf8]



GLYCERINE ANALYSIS.

The methods of analyzing glycerine varied so greatly duthdofact that glycerine
contained impurities which acted so much like glycerine asttoduce serious errors in
the determinations of crude glycerine. This led to the appoiitofecommittees in the
United States and Europe to investigate the methods of gigcemalysis. An

international committee met after their investigations andddecthe acetin method
should control the buying and selling of glycerine, but the more comtdrighromate

method in a standardized form might be used in factory coatrdl other technical
purposes. The following are the methods of analysis and samplswggssted by the
international committee:

SAMPLING.

The most satisfactory method available for sampling crude ghgcéiable to contain
suspended matter, or which is liable to deposit salt olingetis to have the glycerine
sampled by a mutually approved sampler as soon as possérlé &f filled into drums,
but in any case before any separation of salt has taken phasach cases he shall
sample with a sectional sampler (see appendix) thertteearums, brand them with a
number for identification, and keep a record of the brand nuriberpresence of any
visible salt or other suspended matter is to be noted by thglesa and a report of the
same made in his certificate, together with the tempexaif the glycerine. Each drum
must be sampled. Glycerine which has deposited salt or othernsattdr cannot be
accurately sampled from the drums, but an approximate sataplde obtained by
means of the sectional sampler, which will allow a corepiedrtical section of the
glycerine to be taken including any deposit.

ANALYSIS.

1. Determination of Free Caustic Alkak-Put 20 grams of the sample into a 100 cc.
flask, dilute with approximately 50 cc. of freshly boiled itlestt water, add an excess of
neutral barium chloride solution, 1 cc. of phenolphthalein soluti@ke up to the mark
and mix. Allow the precipitate to settle, draw off 50 cctled clear liquid and titrate
with normal acid I/1). Calculate the percentage ofReexisting as caustic alkali.

2. Determination of Ash and Total AlkaliniysWeigh 2 to 5 grams of the sample in a
platinum dish, burn off the glycerine over a luminous Argand burnerer gburce of
heatl!9] giving a low temperature, to avoid volatilization and the faimmeof sulphides.
When the mass is charred to the point that water will naoh®ed by soluble organic
matter, lixiviate with hot distilled water, filter, wh and ignite the residue in the
platinum dish. Return the filtrate and washings to the dish, eatgpthe water, and
carefully ignite without fusion. Weigh the ash.

Dissolve the ash in distilled water and titrate tati&ialinity, using as indicator methyl
orange cold or litmus boiling.

3. Determination of Alkali Present as Carbonatelake 10 grams of the sample, dilute
with 50 cc. distilled water, add sufficieNf1 acid to neutralize the total alkali found at
(2), boil under a reflux condenser for 15 to 20 minutes, wiasin the condenser tube
with distilled water, free from carbon dioxide, and thiérate back withN/1 NaOH,
using phenolphthalein as indicator. Calculate the percentage,6f. Deduct the N#D

found in (1). The difference is the percentage ofNexisting as carbonate.



4. Alkali Combined with Organic Acids-The sum of the percentages of;Rafound at
(1) and (3) deducted from the percentage found at (2) is a reezfsiine NaO or other
alkali combined with organic acids.

5. Determination of Acidity—Take 10 grams of the sample, dilute with 50 cc. distilled
water free from carbon dioxide, and titrate Wit NaOH and phenolphthalein. Express
in terms of NaO required to neutralize 100 grams.

6. Determination of Total Residue at 160°—CFor this determination the crude
glycerine should be slightly alkaline with pt&0O3 not exceeding 0.2 per cent. X3 in
order to prevent loss of organic acids. To avoid the formatiopobfglycerols this
alkalinity must not be exceeded.

Ten grams of the sample are put into a 100 cc. flask, dilwidd water and the
calculated quantity oN/1 HCIl or Na@CO3; added to give the required degree of
alkalinity. The flask is filled to 100 cc., the contentxed, and 10 cc. measured into a
weighed Petrie or similar dish 2.5 in. in diameter andr@.8eep, which should have a
flat bottom. In the case of crude glycerine abnormally higbrganic residue a smaller
amount should be taken, so that the weight of the organic redakgenot materially
exceed 30 to 40 milligrams.

The dish is placed on a water bath (the top of the 160° overaqafly well) until most
of the water has evaporated. From this point the evaporatieffected in the oven.
Satisfactory results are obtained in an &®rmeasuring 12 ins. cube, having an iron
plate 0.75 in. thick lying on the bottom to distribute the hé&idtips of asbestos
millboard are placed on a shelf half way up the oven. On 8igps the dish containing
the glycerine is placed.

If the temperature of the oven has been adjusted to 160° K.twatdoor closed, a
temperature of 130° to 140° can be readily maintained tvérdoor partially open, and
the glycerine, or most of it, should be evaporated off at thipdeature. When only a
slight vapor is seen to come off, the dish is removed and allowedto c

An addition of 0.5 to 1.0 cc. of water is made, and by aryotnotion the residue

brought wholly or nearly into solution. The dish is then allowedemain on a water

bath or top of the oven until the excess water has evaporateédearesidue is in such a
condition that on returning to the oven at 160° C. it will qmirs The time taken up to
this point cannot be given definitely, nor is it important. Usully or three hours are
required. From this point, however, the schedule of time mustib#ysadhered to. The

dish is allowed to remain in the oven, the temperature of whicarefully maintained at
160° C. for one hour, when it is removed, cooled, the residated with water, and the
water evaporated as before. The residue is then subjectegt¢orad baking of one hour,
after which the dish is allowed to cool in a desiccator sugphuric acid and weighed.
The treatment with water, etc., is repeated until a conktssibf 1 to 1.5 mg. per hour is
obtained.

In the case of acid glycerine a correction must be maddédoalkali added 1 cd\/1
alkali represents an addition of 0.03 gram. In the casskafine crudes a correction
should be made for the acid added. Deduct the increase in weigho the conversion
of the NaOH and N#&O3 to NaCl. The corrected weight multiplied by 100 gives the

percentage abtal residue at 160° C.

This residue is taken for the determination of the non-volatiletylizable impurities
(see acetin method).



7. Organic residue—Subtract the ash from the total residue at 160° C. Repantganic
residue at 160° C. (it should be noted that alkaline saltatyf &cids are converted to
carbonates on ignition and that the £tAus derived is not included in the organic

residue).
ACETIN PROCESS FOR THE DETERMINATION OF GLYCEROL.

This process is the one agreed upon at a conference of del&gatethe British,
French, German and American committees, and has beennoedfioy each of the
above committees as giving results nearer to the truth tleahi¢chromate method on
crudes in general. It is the process to be used (if appdicavhenever only one method
is employed. On pure glycerines the results are identical twdbe obtained by the
bichromate process. For the application of this method tideoglycerine should not
contain over 60 per cent. water.

REAGENTS REQUIRED.

(A) Best Acetic Anhydride-This should be carefully selected. A good sample must not
require more than 0.1 cc. normal NaOH for saponificationthef impurities when a
blank is run on 7.5 cc. Only a slight color should develop during digestite diank.

The anhydride may be tested for strength by the following rdethmo a weighed
stoppered vessel, containing 10 to 20 cc. of water, run aboat @f the anhydride,
replace the stopper and weigh. Let stand with occasional shd&&ingeveral hours, to
permit the hydrolysis of all the anhydride; then dilute to about 200 a&dd
phenolphthalein and titrate witlYl NaOH. This gives the total acidity due to free acetic
acid and acid formed from the anhydride. It is worthy of rnbg&t in the presence of
much free anhydride a compound is formed with phenolphthalein, satublkali and
acetic acid, but insoluble in neutral solutions. If a turbidityoticed toward the end of
the neutralization it is an indication that the anhydridené®mpletely hydrolyzed and
inasmuch as the indicator is withdrawn from the solution, resalyslra incorrect.

Into a stoppered weighing bottle containing a known weight @ntécdistilled aniline
(from 10 to 20 cc.) measure about 2 cc. of the sample, stappercool and weigh.
Wash the contents into about 200 cc. of cold water, ancktitnatacidity as before. This
yields the acidity due to the original, preformed, acetic pkid one-half the acid due to
anhydride (the other half having formed acetanilide); subtractgbend result from the
first (both calculated to 100 grams) and double the resioifaining the ccN/1 NaOH
per 100 grams of the sample. 1 HNaOH equals 0.0510 anhydride.

(B) Pure Fused Sodium AcetateThe purchased salt is again completely fused in a
platinum, silica or nickel dish, avoiding charring, powdered quickigl kept in a
stoppered bottle or desiccator. It is most important thagabdaim acetate be anhydrous.

(C) A Solution of Caustic Soda for Neutralizing, of about Strength, Free from
Carbonate—This can be readily made by dissolving pure sodium hydroxide iowih
weight of water (preferably water free from carbon dioxaied allowing to settle until
clear, or filtering through an asbestos or paper filter. dibar solution is diluted with
water free from carbon dioxide to the strength required.

(D) N/1 Caustic Soda Free from CarbonatePrepared as above and carefully
standardized. Some caustic soda solutions show a marked dimimustiength after
being boiled; such solutions should be rejected.



(E) N/1 Acid—Carefully standardized.

(F) Phenolphthalein Solutior-0.5 per cent. phenolphthalein in alcohol and neutralized.
THE METHOD.

In a narrow-mouthed flask (preferably round-bottomed), capabitytal20 cc., which
has been thoroughly cleaned and dried, weigh accurately aagidly as possible 1.25
to 1.5 grams of the glycerine. A Grethan or Lunge pipette wilbbed convenient. Add
about 3 grams of the anhydrous sodium acetate, then 7.5 ce.addtic anhydride, and
connect the flask with an upright Liebig condenser. For conneai¢he inner tube of
this condenser should not be over 50 cm. long and 9 to 10 mme idisicheter. The
flask is connected to the condenser by either a ground glass jeifergimy) or a rubber
stopper. If a rubber stopper is used it should have hadienpraty treatment with hot
acetic anhydride vapor.

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

Allow the flask to cool somewhat, and through the condenser tube amtd &0distilled
water free from carbon dioxide at a temperature of aboutC80faking care that the
flask is not loosened from the condenser. The object of codita avoid any sudden
rush of vapors from the flask on adding water, and to avomklmg the flask. Time is
saved by adding the water before the contents of the flaskfhgdbut the contents may
be allowed to solidify and the test proceeded with the day without detriment,
bearing in mind that the anhydride in excess is much moretigély hydrolyzed in hot
than in cold water. The contents of the flask may be warmdxlitanust not exceed, 80°
C., until the solution is complete, except a few dark flookgresenting organic
impurities in the crude. By giving the flask a rotary motisaolution is more quickly
effected.

Cool the flask and contents without loosening from the condensem @i cold
wash down the inside of the condenser tube, detach the flask, offathe stopper or
ground glass connection into the flask, and filter the contbntsigh an acid-washed
filter into a Jena glass flask of about 1 litre capacity. Whastoughly with cold distilled
water free from carbon dioxide. Add 2 cc. of phenolphthaleiatiosn (F), then run in
caustic soda solutiorCj or (D) until a faint pinkish yellow color appears throughout the
solution. This neutralization must be done most carefully; treiakould be run down
the sides of the flask, the contents of which are kept rapidIgfirsgviwith occasional
agitation or change of motion until the solution is nearly nemé@d) as indicated by the
slower disappearance of the color developed locally by thdi alkaning into the
mixture. When this point is reached the sides of the flaskwashed down with carbon
dioxide-free water and the alkali subsequently added drop by digmgnafter each
drop until the desired tint is obtained.

Now run in from a burette 50 cc. or a calculated excedd/bfNaOH D) and note
carefully the exact amount. Boil gently for 15 minutes, thekftasng fitted with a glass
tube acting as a partial condenser. Cool as quickly as possid titrate the excess of
NaOH with N/1 acid €) until the pinkish yellow or chosen end-point color just
remaing?ll A further addition of the indicator at this point will causeimcrease of the
pink color; this must be neglected, and the first end-point taken.

From the N/1 NaOH consumed calculate the percentage of glycerol (imgjudi
acetylizable impurities) after making the correction Fa blank test described below.



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

The coefficient of expansion for normal solutions is 0.00033 pefoceeach degree
centigrade. A correction should be made on this account if negessa

Blank Test—As the acetic anhydride and sodium acetate may contain inggunitiich
affect the result, it is necessary to make a blank westg the same quantities of acetic
anhydride, sodium acetate and water as in the analysisndt isecessary to filter the
solution of the melt in this case, but sufficient time mustllogvad for the hydrolysis of

the anhydride before proceeding with the neutralization. Aftatrakzation it is not
necessary to add more than 10 cc. of Nk alkali ©), as this represents the excess
usually present after the saponification of the average soapuge. In determining the
acid equivalent of th&l/1 NaOH, however, the entire amount taken in the analysis, 50
cc., should be titrated after dilution with 300 cc. wdtee from carbon dioxide and
without boiling.

Determination of the Glycerol Value of the Acetylizable Intigst—The total residue at
160° C. is dissolved in 1 or 2 cc. of water, washed intoatetylizing flask and
evaporated to dryness. Then add anhydrous sodium acetate andaabgtiride in the
usual amounts and proceed as described in the regular anafieiscorrecting for the
blank, calculate the result to glycerol.

WAYS OF CALCULATING ACTUAL GLYCEROL CONTENT.

(1) Determine the apparent percentage of glycerol in the sampghe acetin process as
described. The result will include acetylizable impuritiesny are present.

(2) Determine the total residue at 160° C.
(3) Determine the acetin value of the residue at (2) in tefrgl/cerol.

(4) Deduct the result found at (3) from the percentage obtah€t) and report this
corrected figure as glycerol. If volatile acetylizablepumities are present these are
included in this figure.

Trimethyleneglycol is more volatile than glycerine and carefloee be concentrated by
fractional distillation. An approximation to the quantityndae obtained from the spread
between the acetin and bichromate results on such distilltite spread multiplied by
1.736 will give the glycol.

BICHROMATE PROCESS FOR GLYCEROL DETERMINATION.
REAGENTS REQUIRED.

(A) Pure potassium bichromatgowdered 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 one liter at 15.5° C.

(C) Ferrous Ammonium Sulphatelt is never safe to assume this salt to be constant in
composition and it must be standardized against the bichromdtdlasgs: dissolve
3.7282 grams of bichromaté)(in 50 cc. of water. Add 50 cc. of 50 per cent. sulphuric
acid (by volume), and to the cold undiluted solution add from mhivey bottle a
moderate excess of the ferrous ammonium sulphate, and baekewith the dilute
bichromate B). Calculate the value of the ferrous salt in terms of bitlate.



(D) Silver Carbonate—This is prepared as required for each test from 140 &5qgfer
cent. silver sulphate solution by precipitation, with abo@tet.N/1 sodium carbonate
solution (a little less than the calculated quantityNdE sodium carbonate should be
used as an excess to prevent rapid settling). Settle, dechwiaah one by decantation.

(E) Subacetate of Lead-Boil a 10 per cent. solution of pure lead acetate with aassxc
of litharge for one hour, keeping the volume constant, and filteeviot. Disregard any
precipitate which subsequently forms. Preserve out of contactarition dioxide.

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

THE METHOD.

Weigh 20 grams of the glycerine, dilute to 250 cc. arke a5 cc. Add the silver
carbonate, allow to stand, with occasional agitation, for ab®uminutes, and add a
slight excess (about 5 cc. in most cases) of the basialzdte ), allow to stand a
few minutes, dilute with distilled water to 100 cc., ahdrt add 0.15 cc. to compensate
for the volume of the precipitate, mix thoroughly, filterabgh an air-dry filter into a
suitable narrow-mouthed vessel, rejecting the first 10ard, return the filtrate if not
clear and bright. Test a portion of the filtrate with aditihsic lead acetate, which should
produce no further precipitate (in the great majority of cases.5are ample, but
occasionally a crude will be found requiring more, and in tase @another aliquot of 25
cc. of the dilute glycerine should be taken and purifiétt 6 cc. of the basic acetate).
Care must be taken to avoid a marked excess of basic acetate.

Measure off 25 cc. of the clear filtrate into a flask oaks (previously cleaned with
potassium bichromate and sulphuric acid). Add 12 drops of sulphudc(®c#é) to

precipitate the small excess of lead as sulphate. Add 3.7282sgof the powdered
potassium bichromaté. Rinse down the bichromate with 25 cc. of water andiéeids

with occasional shaking until all the bichromate is dissolvedréatuction will take

place in the cold).

Now add 50 cc. of 50 per cent. sulphuric acid (by volume)icumderse the vessel in
boiling water for two hours and keep protected from dust anchiergapors, such as
alcohol, till the titration is completed. Add from a weighingitle a slight excess of the
ferrous ammonium sulphateC), making spot tests on a porcelain plate with the
potassium ferricyanidd=]. Titrate back with the dilute bichromate. From the amoéint o
bichromate reduced calculate the percentage of glycerol.

1 gram glycerol = 7.4564 grams bichromate.
1 gram bichromate = 0.13411 gram glycerol.

The percentage of glycerol obtained above includes any oxidizaplgrities present
after the purification. A correction for the non-volatile impustimay be made by
running a bichromate test on the residue at 160° C.

NOTES.

(1) It is important that the concentration of acid in the oxdamixture and the time of
oxidation should be strictly adhered to.

(2) Before the bichromate is added to the glycerine solutisnessential that the slight
excess of lead be precipitated with sulphuric acid, as stipulate



(3) For crudes practically free from chlorides the quardftgilver carbonate may be
reduced to one-fifth and the basic lead acetate to 0.5 cc.

(4) It is sometimes advisable to add a little potassium s@gbahsure a clear filtrate.

SAMPLING CRUDE GLYCERINE.

The usual method of sampling crude glycerine hitherto has beemeags of a glass
tube, which is slowly lowered into the drum with the objecttalfing as nearly as
possible a vertical section of the glycerine contained irdtbm. This method has been
found unsatisfactory, owing to the fact that in cold clesaglycerine runs into the tube
very slowly, so that, owing to the time occupied, it ipassible to take a complete
section of the crude. Another objection to the glass tube ist tfzalls to take anything
approaching a correct proportion of any settled salt contained oiraim.

The sampler which is illustrated herewith has been ddviwith the object of
overcoming the objections to the glass tube as far as podsibtsists of two brass
tubes, one fitting closely inside the other. A number of paéscut out in each tube in
such a way that when the ports are opened a continuous slohedfevhich enables a
complete section to be taken throughout the entire length eofdtim. By this
arrangement the glycerine fills into the sampler almost irestaously. There are a
number of ports cut at the bottom of the sampler which render sibb@do take a
proportion of the salt at the bottom of the drum. The instrumesat @nstructed that all
the ports, including the bottom ones, can be closed simultandnugie simple action
of turning the handle at the top; a pointer is arranged whicbhatedi on a dial when the
sampler is open or closed. In samplers of larger section)(it is possible to arrange a
third motion whereby the bottom ports only are open for emptying,nbséamplers of
smaller dimensions (5/8 in.) this third motion must be dispemstig otherwise the
dimensions of the ports have to be so small that the sampler naiude efficient.

In using the sampler it is introduced into the drum with théspdosed, and when it has
touched the bottom, the ports are opened for a second or two, Ithesd and
withdrawn, and the sample discharged into the receiving lvbgsepening the ports.
When the drum contains salt which has deposited, the ports mopehed before the
sampler is pushed through the salt, thus enabling a portionimalbded in the sample.
It is, however, almost impossible to obtain a correct propodimalt after it has settled
in the drum and it is therefore recommended that the drusaippled before any salt
has deposited. A sampler 1 in. in diameter withdraws approeiynd0 oz. from a
110-gal. drum. A sampler 5/8 in. in diameter will withdraw alioat.

FOOTNOTES:

Zeit. Angew. Chem. 19, 385 (1906).

Zeit. Angew. Chem. 27, 11-20 (1914).

Bull. 107, Bur. Chem. U. S. Dept. Agriculture.
Richards and Gies, Am. J. Physiol. (1902) 7, 129.
Seifensieder Ztg. (1913) No. 46.

Bull 107, Bur. Chem. U. S. Dept. Agriculture.

Carbon is readily burned off completely, without loss of chloridesa
gas-heated muffle furnace adjusted to a dull red heat.




An electric oven suitable for this work, which is readiljjusted to 160 degs.
C., has been made for Mr. Low and the chairman, by the Apparatus a
Specialty Company, Lansing, Mich. Its size is 9-1/2 x 10 xrithds, and
capacity 8 Petrie dishes. It gives a strong draft at constant temperature.

A precipitate at this point is an indication of the presendeoof or alumina,
and high results will be obtained unless a correction is madiesgibed
below.

CHAPTER VII

Standard Methods for the Sampling and Analysis of Commercial Fat
and Oils[??]

The following report of th&€€ommittee on Analysis of Commercial Fats and Ofilthe
Division of Industrial Chemists and Chemical Engineefsthe American Chemical
Society was adopted April 14, 1919, by unanimous vote:

W. D. RCHARDSON, Chairman Swift and Co., Chicago, Il
R. W. BaILEY, Stillwell and Gladding, New York City.

W. J. GASCOYNE, W. J. Gascoyne and Co., Baltimore, Md.
I. KaTz,[A] Wilson and Co., Chicago, Ill.

A. LOWENSTEIN[A] Morris and Co., Chicago, ll.

H. J. MoRRISON Proctor and Gamble Co., Ivorydale, Ohio.
J. R. BWELL, Armour Soap Works, Chicago, Ill.

R. J. QUINN,[A] Midland Chemical Co., Argo, lll.

PauL RuDNICK, Armour and Co., Chicago, lll.

L. M. ToLMAN, Wilson and Co., Chicago, ll.

E. TwiTCHELL,[A] Emery Candle Co., Cincinnati, Ohio.

J. J. \OLLERTSEN Morris and Co., Chicago, Ill.

[Note A: Resigned.]
Scope, Applicability and Limitations of the Methods.
SCOPE.

These methods are intended to aid in determining the conaheatiation of fats and
fatty oils in their purchase and sale, based on the fundanasstamption commonly
recognized in the trade, namely, that the product is truatoe and is not adulterated.
For methods for determining the identity of oils and fatg, absence of adulterants
therein and for specific tests used in particular indesstrihe chemist is referred to
standard works on the analysis of fats and oils.



APPLICABILITY.

The methods are applicable in commercial transactions imgpfats and fatty oils used
in the soap, candle and tanning industries, to edible fats arehdit® fats and fatty oils
intended for lubricating and burning purposes. The methods areapplto the raw
oils used in the varnish and paint industry with the exceptioreingtider limitations,
but special methods have not been included.

LIMITATIONS.

The methods have not been developed with special refereneeaxes (beeswax,
carnauba wax, wool wax, etc.) although some of them may be fophidadble to these

substances. The Committee considers the Wijs method supether itanus method for
the determination of iodine number of linseed oil as well agerotils, although the
Hanus method has been considered standard for this work fer tsme and has been
adopted by the American Society for Testing Materials angarious specifications. It
has been customary to use the Hubl method for the determinatomiredf value of tung

oil (China wood oil) but the Committee's work indicates the Wijs method is

satisfactory for this determination.

Sampling.
TANK CARS.

1. SAMPLING WHILE LOADING—Sample shall be taken at discharge of pipe where it
enters tank car dome. The total sample taken shall be sdhbes 50 Ibs. and shall be a
composite of small samples of about 1 pound each, taken at redataals during the

entire period of loading.

The sample thus obtained is thoroughly mixed and uniform 3-lb.operiplaced in
air-tight 3-Ib. metal containers. At least three suahmas shall be put up, one for the
buyer, one for the seller, and the third to be sent to aegefdremist in case of dispute.
All samples are to be promptly and correctly labeled anddeale

2. SAMPLING FROM CAR ON TRACK[23—(a) When contents are soli&f] In this case the
sample is taken by means of a large tryer measuring abouta2ross and about 1-1/2
times the depth of the car in length. Several tryerfudstaken vertically and obliquely
toward the ends of the car until 50 Ibs. are accumulated) Weesample is softened,
mixed and handled as under (1). In case the contents of the tank castiaved a very
hard condition, as in Winter weather, so that it is impossblesert the tryer, and it
becomes necessary to soften the contents of the car by meansloséuksteam coil (in
nearly all tank cars the closed steam coil leaks) or bynsnehopen steam in order to
draw a proper sample, suitable arrangements must be madehdémer and seller for
the sampling of the car after it is sufficiently softengale consideration being given to
the possible presence of water in the material in theasaeceived and also to the
possible addition of water during the steaming. The Committee kiodws direct
method for sampling a hard-frozen tank car of tallow in a satsfy manner.

(b) When contents are liquid:he sample taken is to be a 50-lb. composite made up of
numerous small samples taken from the top, bottom and intere@diats by means of

a bottle or metal container with removable stopper or top. Thikaattached to a
suitable pole is lowered to the various desired depths, wierstopper or top is
removed and the container allowed to fill. The 50-Ib. sartiple obtained is handled as



under (1).

In place of the device described above, any sampler capafaleiraj a sample from the
top, bottom, and center, or from a section through car, may be used.

(c) When contents are in semi-solid condition, or when stedras separated from
liquid portions.In this case, a combination &) (and ) may be used or by agreement
of the parties the whole may be melted and procedifel{owed.

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

All packages shall be sampled, unless by special agreementtibe paange to sample
a lesser number; but in any case not less than 10 per cdmw tftéal number shall be
sampled. The total sample taken shall be at least 20 lbsight for each 100 barrels,
or equivalent.

1. BARRELS, TIERCESAND CAsks—(a) When contents are solidthe small samples shall
be taken by a tryer through the bunghole or through a special hotéibdfe head or
side for the purpose, with a 1-in. or larger auger. Care shmulhken to avoid and
eliminate all borings and chips from the sample. The tg/erserted in such a way as to
reach the head of the barrel, tierce, or cask. The langle is softened, mixed and
handled according toANK CARS (1).

(b) When contents are liquidn this case use is made of a glass tube with constricted
lower end. This is inserted slowly and allowed to fill with liggiid, when the upper end

is closed and the tube withdrawn, the contents being allosvéldain into the sample
container. After the entire sample is taken it is thoroughkethand handled according

to TANK CARS (1).

(c) When contents are semi-solld.this case the tryer or a glass tube with larger outlet
is used, depending on the degree of fluidity.

(d) Very hard materials, such as natural and artificial stearinBy. preference the
barrels are stripped and samples obtained by breaking up casftahieast 10 per cent
of the packages. This procedure is to be followed also inabe af cakes shipped in
sacks. When shipped in the form of small pieces in saclsctre be sampled by grab
sampling and quartering. In all cases the final procedur® a@sifined underaNk CARS

(1)

2. DRums—Samples are to be taken as under (1), use being madelnfriteole. The
tryer or tube should be sufficiently long to reach to the ends aifrtiva.

3. OTHER PACKAGES—Tubs, pails and other small packages not mentioned above are to
be sampled by tryer or tube (depending on fluidity) as outlined abilwvéryer or tube
being inserted diagonally whenever possible.

4. MIXED LOTS AND PACKAGES—When lots of tallow or other fats are received in
packages of various shapes and sizes, and especially wineréat itself is of variable
composition, such must be left to the judgment of the sampharibible, the contents
of each package should be mixed as thoroughly as possible anchdloataof the
individual samples taken made proportional to the sizes qfatieages.

Analysis.

SAMPLE.



The sample must be representative and at least three poumgsght and taken in
accordance with thETANDARD METHODS FOR THE SAMPLING OF COMMERCIAL FATS AND
olLS. It must be kept in an air-tight container, in a dark, coatel

Soften the sample if necessary by means of a gentle thkaty care not to melt it.
When sufficiently softened, mix the sample thoroughly byamseof a mechanical egg
beater or other equally effective mechanical mixer.

MOISTURE AND VOLATILE MATTER.

APPARATUS Vacuum Oven-The Committee Standard Oven.

DescrIPTION—The Standard F. A. C. Vacuum Oven has been designedhgitidea of
affording a simple and compact vacuum oven which will give a®umitemperatures
as possible on the shelf. As the figure shows, it conslista iron casting of rectangular
sections with hinged front door made tight by means of a gasicetwhich can be
lowered on opening the oven so as to form a shelf on whioplea may be rested. The
oven contains but one shelf which is heated from above as wedl@s by means of
resistance coils. Several thermometer holes are providedién tar ascertain definitely
the temperature at different points on the shelf. In a vacuum whiere the heating is
done almost entirely by radiation it is difficult to maiimt uniform temperatures at all
points, but the F. A. C. oven accomplishes this rather beterrttost vacuum ovens.
Larger ovens containing more than one shelf have been tried by theit@menbut have
been found to be lacking in temperature uniformity and meamr®rdfol. The entire
oven is supported by means of a 4-in. standard pipe which soreavhe base of the
oven and which in turn is supported by being screwed intond lfllknge of suitable
diameter which rests on the floor or work table.

Moisture Dish—A shallow, glass dish, lipped, beaker form, approximately 6 ¢mn7
diameter and 4 cm. deep, shall be standard.

DETERMINATION—Weigh out 5 grams (= 0.2 g. of the prepared sample) intoistume
dish. Dry to constant weight wWacuoat a uniform temperature, not less than 15° C. nor
more than 20° C. above the boiling point of water at the woniiegsure, which must
not exceed 100 mm. of mercufy! Constant weight is attained when successive dryings
for 1-hr. periods show an additional loss of not more that 0.05 pérReport loss in
weight asvOISTURE AND VOLATILE MATTER.[26]
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StaNpARD VacuuMm OVEN

Standard Vacuum Oven

The vacuum-oven method cannot be considered accurate in dbeotdats of the
coconut oil group containing free acid and the Committee recomnteadg be used
only for oils of this group when they contain less than 1 per ceatacid. In the case of
oils of this group containing more than 1 per cent free aeghurse should be had
temporarily to the routine control method for moisture and ielatatteF2”] until the
Committee develops a more satisfactory method.

The air-oven method cannot be considered even approximately tacouthe case of
the drying and semi-drying oils and those of the coconut oil grchgrefore, in the case
of such oils as cottonseed oil, maize oil (corn oil), s@nbail, linseed oil, coconut oil,
palm kernel oll, etc., the vacuum-oven method should always beaxsmht in the case
of fats of the coconut group containing more than 1 per cent fréeascnoted above.

INSOLUBLE IMPURITIES.

Dissolve the residue from the moisture and volatileenatetermination by heating it on
a steam bath with 50 cc. of kerosene. Filter the solutioougiir a Gooch crucible
properly prepared with asbesté%, wash the insoluble matter five times with 10-cc.
portions of hot kerosene, and finally wash the residual kerosendéaoughly with
petroleum ether. Dry the crucible and contents to constanghtyeas in the
determination of moisture and volatile matter and report tesas INSOLUBLE
IMPURITIES.

SOLUBLE MINERAL MATTER.

Place the combined kerosene filtrate and kerosene washiogs the insoluble



impurities determination in a platinum dish. Place in thiastiiess filter paper folded in
the form of a cone, apex up. Light the apex of the cone, wherehpobutk of the
kerosene burns quietly. Ash the residue in a muffle, to constight, taking care that
the decomposition of alkaline earth carbonates is compeik, report the result as
SOLUBLE MINERAL MATTER.[29 When the percentage of soluble mineral matter amounts
to more than 0.1 per cent, multiply the percentage by 10 ashdhél amount to the
percentage of free fatty acids as determined.[30]

FREE FATTY ACIDS.

The aLcoHoL3Y used shall be approximately 95 per cent ethyl alcohol, fretitijled
from sodium hydroxide, which with phenolphthalein gives a definite distinct
end-point.

DETERMINATION—Weigh 1 to 15 g. of the prepared sample into an Erlennéaglk,
using the smaller quantity in the case of dark-colored, highfats. Add 50 to 100 cc.
hot, neutral alcohol, and titrate witlf2, N/4 or N/10 sodium hydroxide depending on
the fatty acid content, using phenolphthalein as indicator. Ctdcidableic acid, except
that in the case of palm oil the results may also be exgareésserms of palmitic acid,
clearly indicating the two methods of calculation in the reporthé case of coconut and
palm kernel oils, calculate to and report in terms of ¢taacid in addition to oleic acid,
clearly indicating the two methods of calculation in the repoa the case of fats or
greases containing more than 0.1 per cent of soluble minerdrmadd to the
percentages of free fatty acids as determined 10 timepettoentage of bases in the
soluble mineral matter as determif@d. This addition gives the equivalent of fatty
acids combined with the soluble mineral matter.

TITER.

STANDARD THERMOMETER—The thermometer is graduated at zero and in tenth degrees
from 10° C. to 65° C., with one auxiliary reservoir at the ugper and another between
the zero mark and the 10° mark. The cavity in the capitlaivg between the zero mark
and the 10° mark is at least 1 cm. below the 10° marki@henark is about 3 or 4 cm.
above the bulb, the length of the thermometer being about 37 cm.allvelhe
thermometer has been annealed for 75 hrs. at 450° C. and the blllena normal 16™
glass, or its equivalent, moderately thin, so that thartbereter will be quick-acting.
The bulb is about 3 cm. long and 6 mm. in diameter. Th efethe thermometer is 6
mm. in diameter and made of the best thermometer tubinl, seale etched on the
stem, the graduation is clear-cut and distinct, but quite Tihe.thermometer must be
certified by the U. S. Bureau of Standards.

GLYCEROL CausTIC SoLuTION—Dissolve 250 g. potassium hydroxide in 1900 cc.
dynamite glycerin with the aid of heat.

DETERMINATION—Heat 75 cc. of the glycerol-caustic solution to 150° C. and58dd.
of the melted fat. Stir the mixture well and continue heatimtil the melt is
homogeneous, at no time allowing the temperature to exceed 158ifo®.to cool
somewhat and carefully add 50 cc. 30 per cent sulfuric aow. &dld hot water and heat
until the fatty acids separate out perfectly clear. Drawthaf acid water and wash the
fatty acids with hot water until free from mineral acten filter and heat to 130° C. as
rapidly as possible while stirring. Transfer the fatty acidsen cooled somewhat, to a
1-in. by 4-in. titer tube, placed in a 16-0z. salt-mouth baittlelear glass, fitted with a
cork that is perforated so as to hold the tube rigidly wheposition. Suspend the titer



thermometer so that it can be used as a stirrer anthestfatty acids slowly (about 100
revolutions per minute) until the mercury remains statiofiard0 seconds. Allow the
thermometer to hang quietly with the bulb in the center of the tutbeeport the highest
point to which the mercury rises as the titer of theyfatids. The titer should be made
at about 20° C. for all fats having a titer above 30° C. and at 188I&w the titer for all
other fats. Any convenient means may be used for obtainingpetatare of 10° below
the titer of the various fats. The committee recommendsdfirall a chill room for this
purpose; second, an artificially chilled small chamber wgthss window; third,
immersion of the salt-mouth bottle in water or other liquid of tletrelé temperature.

UNSAPONIFIABLE MATTER.

EXTRACTION CYLINDER—The cylinder shall be glass-stoppered, graduated at 40 cc., 80
cc. and 130 cc., and of the following dimensions: diameter db8(8 in., height about
12in.

PETROLEUM ETHER—Redistilled petroleum ether, boiling under 75° C., shalised. A

blank must be made by evaporating 250 cc. with about 0.25 geasfr& or other hard
fat (previously brought to constant weight by heating) and dryinghahe actual

determination. The blank must not exceed a few milligrams.

DETERMINATION—Weigh 5 g. (0.20 g.) of the prepared sample into a 200-cc.
Erlenmeyer flask, add 30 cc. of redistilled 95 per ceppr@ximately) ethyl alcohol and
5 cc. of 50 per cent aqueous potassium hydroxide, and boil tttarenfor one hour
under a reflux condenser. Transfer to the extraction cylinder asHd t@ the 40-cc. mark
with redistilled 95 per cent ethyl alcohol. Complete the feanéirst with warm, then
with cold water, till the total volume amounts to 80 ccolQbe cylinder and contents to
room temperature and add 50 cc. of petroleum ether. Shgdwuslyfor one minute
and allow to settle until both layers are clear, whervtheme of the upper layer should
be about 40 cc. Draw off the petroleum ether layer as clasehossible by means of a
slender glass siphon into a separatory funnel of 500 cc. capRejpeat extraction at
least four more times, using 50 cc. of petroleum ethen &me. More extractions than
five are necessary where the unsaponifiable matter runs laiglover 5 per cent, and
also in some cases where it is lower than 5 per centsbatracted with difficulty.
Wash the combined extracts in a separatory funnel three witie25-cc. portions of 10
per cent alcohol, shaking vigorously each time. Transfer thel@ein ether extract to a
wide-mouth tared flask or beaker, and evaporate the petroldueman a steam bath in
an air current. Dry as in the method feDISTURE AND VOLATILE MATTER. Any blank
must be deducted from the weight before calculating unsapogifiabtter. Test the
final residue for solubility in 50 cc. petroleum etherrabm temperature. Filter and
wash free from the insoluble residue, if any, evaporate anéhdhe same manner as
before. The Committee wishes to emphasize the necessttyomfugh and vigorous
shaking in order to secure accurate results. The two phasgsbe brought into the
most intimate contact possible, otherwise low and disagreesults may be obtained.

IODINE NUMBER—WIJS METHOD.

PREPARATION OF REAGENTS—WIijs lodine Solution-Dissolve 13.0 g. of resublimed
iodine in one liter of C. P. glacial acetic acid and passdashed and dried chlorine gas
until the original thiosulfate titration of the solution is woite doubled. The solution is
then preserved in amber glass-stoppered bottles, sealed veiffinpantil ready for use.

Mark the date on which the solution is prepared on théebattbottles and do not use



Wijs solution which is more than 30 days old.

There should be no more than a slight excess of iodine, and no ekcegxine. When
the solution is made from iodine and chlorine, this point caasbertained by not quite

doubling the titratiort3?]

The glacial acetic acid used for preparation of the Wijs solstionld be of 99.0 to 99.5
per cent strength. In case of glacial acetic acids of sonteloher strength, the
Committee recommends freezing and centrifuging or draining asresragpurification.

N/10 Sodium Thiosulfate SolutienDissolve 24.8 g. of C. P. sodium thiosulfate in
recently boiled distilled water and dilute with the samerte liter at the temperature at
which the titrations are to be made.

Starch Paste-Boil 1 g. of starch in 200 cc. of distilled water for 10nmand cool to
room temperature.

An improved starch solution may be prepared by autoclaving 2 gjaafh and 6 g. of
boric acid dissolved in 200 cc. water at 15 Ibs. pressurd3 min. This solution has
good keeping qualities.

Potassium lodide SolutienrDissolve 150 g. of potassium iodide in water and make up
to one liter.

N/10 Potassium BichromateDissolve 4.903 g. of C. P. potassium bichromate in water
and make the volume up to one liter at the temperature at itriations are to be
made.

The Committee calls attention to the fact that occasipnadtassium bichromate is
found containing sodium bichromate, although this is of rare ocmerdf the analyst

suspects that he is dealing with an impure potassium bichrothateurity can be

ascertained by titration against re-sublimed iodine. Howéhir,is unnecessary in the
great majority of cases.

Standardization of the Sodium Thiosulfate Solutibttace 40 cc. of the potassium
bichromate solution, to which has been added 10 cc. of the sobdfifpmtassium iodide,
in a glass-stoppered flask. Add to this 5 cc. of strong hgliaric acid. Dilute with 100
cc. of water, and allow the/10 sodium thiosulfate to flow slowly into the flask until the
yellow color of the liquid has almost disappeared. Add a fewpglof the starch paste,
and with constant shaking continue to addNHED sodium thiosulfate solution until the
blue color just disappears.

DETERMINATION—Weigh accurately from 0.10 to 0.50 g. (depending on the iodine
number) of the melted and filtered sample into a clean1@rgz. glass-stoppered bottle
containing 15-20 cc. of carbon tetrachloride or chloroform. Add 25 ¢odofe solution
from a pipette, allowing to drain for a definite time. The excéssdine should be from
50 per cent to 60 per cent of the amount added, that is, fropet@@nt to 150 per cent
of the amount absorbed. Moisten the stopper with a 15 per cerssipotaiodide
solution to prevent loss of iodine or chlorine but guard agamsingount sufficient to
run down inside the bottle. Let the bottle stand in a daakepfor 1/2 hr. at a uniform
temperature. At the end of that time add 20 cc. of 1=@etr potassium iodide solution
and 100 cc. of distilled water. Titrate the iodine Witli0 sodium thiosulfate solution
which is added gradually, with constant shaking, until the yellowraafl the solution
has almost disappeared. Add a few drops of starch paste antuedtttiation until the
blue color has entirely disappeared. Toward the end of the reatppesthe bottle and
shake violently so that any iodine remaining in solution in thac¢hloride or



chloroform may be taken up by the potassium iodide solution. Conthumt
determinations on blanks which must be run in the same mantiee aample except
that no fat is used in the blanks. Slight variations in teatpee quite appreciably affect
the titer of the iodine solution, as acetic acid has a higHiceet of expansion. It is,
therefore, essential that the blanks and determinationbeosample be made at the
same time. The number of cc. of standard thiosulfate soltgguired by the blank, less
the amount used in the determination, gives the thiosulfate egpflival the iodine
absorbed by the amount of sample used in the determination. &altulcentigrams of
iodine absorbed by 1 g. of sample (= per cent iodine absorbed).

DETERMINATION, TUNG OIL—Tung oil shows an erratic behavior with most iodine
reagents and this is particularly noticeable in the casbeoHanus reagent which is
entirely unsuitable for determining the iodine number of thisioite extremely high
and irregular results are obtained. The Hubl solution shows a psogreabsorption up
to 24 hrs. and probably for a longer time but the period required islgtdodong for a
chemical determination. The Wijs solution gives good resultshé following
precautions are observed:

Weigh out 0.15 *+ 0.05 g., use an excess of 55 = 3 per cgstsdlution. Conduct the
absorption at a temperature of 20-25° C. for 1 hr. In otherectspfollow the
instructions detailed above.

SAPONIFICATION NUMBER (KOETTSTORFER NUMBER).

PREPARATION OF REAGENTS N/2 Hydrochloric Acid—Carefully standardized.

Alcoholic Potassium Hydroxide SolutiefDissolve 40 g. of pure potassium hydroxide
in one liter of 95 per cent redistilled alcohol (by volume). Eieohol should be
redistilled from potassium hydroxide over which it has beandshg for some time, or
with which it has been boiled for some time, using a refluxdenser. The solution must
be clear and the potassium hydroxide free from carbonates.

DETERMINATION—Weigh accurate about 5 g. of the filtered sample into at@300 cc.

Erlenmeyer flask. Pipette 50 cc. of the alcoholic potassiydioxide solution into the
flask, allowing the pipette to drain for a definite timeon@ect the flask with an air
condenser and boil until the fat is completely saponified (aboutiB0tes). Cool and
titrate with theN/2 hydrochloric acid, using phenolphthalein as an indicator.uGaé

the Koettstorfer number (mg. of potassium hydroxide requireshponify 1 g. of fat).

Conduct 2 or 3 blank determinations, using the same pipettdraming for the same
length of time as above.

MELTING POINT.

APPARATUS—Capillary tubesmade from 5 mm. inside diameter thin-walled glass tubing
drawn out to 1 mm. inside diameter. Length of capillary patubes to be about 5 cm.
Length of tube over all 8 cm.

Standard thermometgraduated in tenths of a degree.
600 cc. beaker.

DETERMINATION—The sample should be clear when melted and entirely fza fr
moisture, or incorrect results will be obtained.

Melt and thoroughly mix the sample. Dip three of the capillabes above described in



the oil so that the fat in the tube stands about 1 cm. in height.fise the capillary end
carefully by means of a small blast flame and allow to.cDoése tubes are placed in a
refrigerator over night at a temperature of from 40 to 50°Phey are then fastened by
means of a rubber band or other suitable means to the bulthefmaometer graduated
in tenths of a degree. The thermometer is suspended iakarbef water (which is
agitated by air or other suitable means) so that the botttine dulb of the thermometer
is immersed to a depth of about 3 cm. The temperature eofvdter is increased
gradually at the rate of about 1° per minute.

The point at which the sample becomes opalescent is first r@otédthe heating
continued until the contents of the tube becomes uniformly tramgpafbe latter
temperature is reported as the melting point.

Before finally melting to a perfectly clear fluid, thansple becomes opalescent and
usually appears clear at the top, bottom, and sides before Ipgcolear at the center.
The heating is continued until the contents of the tube becaiferraly clear and
transparent. This temperature is reported as the meltimy.[$dilt is usually only a
fraction of a degree above the opalescent point noted. The thermametdd be read
to the nearest 1/2° C., and in addition this temperatag Ime reported to the nearest
degree Fahrenheit if desired.

CLOUD TEST.

PRECAUTIONS—(1) The oil must be perfectly dry, because the presence stur@iwill
produce a turbidity before the clouding point is reached.

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

(3) There must not be too much discrepancy between the teomgevithe bath and the
clouding point of the oil. An oil that will cloud at the temaiere of hydrant water
should be tested in a bath of that temperature. An oil thiatlaud in a mixture of ice
and water should be tested in such a bath. An oil thahwiltloud in a bath of ice and
water must be tested in a bath of salt, ice, and water.

DETERMINATION—The 0il is heated in a porcelain casserole over a free tiarhg0° C.,
stirring with the thermometer. As soon as it can be done waf#tys the oil is transferred
to a 4 oz. oil bottle, which must be perfectly dry. @ne one-half ounces of the oil are
sufficient for the test. A dry centigrade thermometer isqaldn the oil, and the bottle is
then cooled by immersion in a suitable bath. The oil is eotlgt stirred with the
thermometer, taking care not to remove the thermometertfrerail at any time during
the test, so as to avoid stirring air bubbles into theTbié bottle is frequently removed
from the bath for a few moments. The oil must not be allowezhiil on the sides and
bottom of the bottle. This is effected by constant and vigorousngtiwith the
thermometer. As soon as the first permanent cloud shows ibotihe of the oil, the
temperature at which this cloud occurs is noted.

With care, results concordant to within 1/2° C. can be oldalme this method. A
Fahrenheit thermometer is sometimes used because iebas® customary to report
results in degrees Fahrenheit.

The oil must be tested within a short time after heatin@30° C. and a re-test must
always be preceded by reheating to that temperature. The plmat should be
approached as quickly as possible, yet not so fast that tieefolzen 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 by the committeeassit3 Ibs. in weight. The
committee realizes that this amount is larger than amples usually furnished even
when representing shipments of from 20,000 to 60,000 Ibs. Huligves that the
requirement of a larger sample is desirable and willkwioward uniform and more
concordant results in analysis. It will probably continue tdheecustom of the trade to
submit smaller buyers' samples than required by the coremhitg these are to be
considered only as samples for inspection and not for analyssstandard analytical
sample must consist of 3 Ibs. or more.

The reasons for keeping samples in a dark, cool place are obvigss fthprevent any
increase in rancidity and any undue increase in free datts. In the case of many fats
the committee has found in its co-operative analytical wbek free acid tends to
increase very rapidly. This tendency is minimized by low teatpees.

MOISTURE AND VOLATILE MATTER.

After careful consideration the committee has decided tlégtune is best determined
in a vacuum oven of the design which accompanies the above fdporérous results
on check samples have confirmed the committee's conclusiomsvEn recommended
by the committee is constructed on the basis of well-known plesciand it is hoped
that this type will be adopted generally by chemists who a@tedcupon to analyze fats
and oils. The experiments of the committee indicate thatatmost difficult matter to
design a vacuum oven which will produce uniform temperattwesighout; and one of
the principal ideas in the design adopted is uniformity of teatper over the entire
single shelf. This idea has not quite been realized in peabtit, nevertheless, the
present design approaches much closer to the ideal tharvathem ovens commonly
used. In the drawing the essential dimensions are thosedretiaeheating units and the
shelf and the length and breadth of the outer casting. The slaRda Analysis
Committee Oven (F. A. C. Oven) can be furnished by MedsrsH. Sargent &
Company, 125 West Lake street, Chicago.

The committee realizes that for routine work a quicker methodesirable and has
added one such method and has also stated the conditions undercamiparable
results can be obtained by means of the ordinary well-ventiéatexien held at 105 to
110° C. However, in accordance with a fundamental principle eddpt the committee
at its first meeting, only one standard method is adoptediacldred official for each
determination.

The committee realizes that in the case of all methodsidtermining moisture by
means of loss on heating there may be a loss due to votaiter (especially fatty
acids) other than water. The title of the determinatiorsTURE AND VOLATILE MATTER
indicates this idea, but any considerable error from this seuageoccur only in the
case of high acid fats and oils and particularly thezggaining lower fatty acids such as
coconut and palm kernel oil. In the case of extracted greasSih Wwave not been
properly purified, some of the solvent may also be includetie moisture and volatile
matter determination, but inasmuch as the solvent, usually@deuetr product, can only
be considered as foreign matter, for commercial purposssgiitirely proper to include
it with the moisture.



The committee has also considered the various distillationhaugtfor the determination
of moisture in fats and oils, but since according to the fundainpnhciples which it
was endeavoring to follow it could only standardize one methedystdecided that the
most desirable one on the whole was the vacuum-oven method asTdieee are cases
wherein a chemist may find it desirable to check a moistetermination or investigate
the moisture content of a fat or oil further by means of one dfitiddation methods.

However, in co-operative work the distillation method in varitypes of apparatus has
not yielded satisfactory results. The difficulties appeabdoconnected with a proper
choice of solvent and particularly with the tendency of dropsvater to adhere to
various parts of the glass apparatus instead of passing loa teetasuring device. When
working on coconut oil containing a high percentage of free fatigs, concordant
results could not be obtained by the various members of the commuitien working
with identical samples, solvents and apparatus.

On the other hand, the committee found by individual work, co-aperatork and
collaborative work by several members of the committee énlalporatory, that the old,
well-known direct heating method (which the committee hagydatd the hot plate
method) yielded very satisfactory results on all sorts ofdiatkoils including emulsions
such as butter and oleomargarine and even on coconut oil sazoptasing 15 to 20
per cent free fatty acids and 5 to 6 per cent of moistunéortunately, this method
depends altogether on the operator's skill and while the methodentught to any
person whether a chemist or not so that he can obtainlexcetsults with it, it is
difficult to give a sufficiently, complete description ofsib that any chemist anywhere
after reading the description could follow it successfullye method is undoubtedly
worthy of much confidence in careful hands. It is quick, aceuaad reliable. It is
probably the best single method for the determination of moistuak $orts of samples
for routine laboratory work. On account of this fact the conemitlesires to announce
its willingness to instruct any person in the proper use ofirtethod who desires to
become acquainted with it and who will visit any committee beata laboratory.

INSOLUBLE IMPURITIES.

This determination, the title for which was adopted aftareftl consideration,

determines the impurities which have generally been known asuaspended matter,
suspended solids, foreign solids, foreign matter, etc., inpdst. The first solvent

recommended by the committee is hot kerosene to be followedttoyepen ether kept

at ordinary room temperature. Petroleum ether, cold or only Igliglarm, is not a good

fat and metallic soap solvent, whereas hot kerosene dissbk®s substances readily,
and for this reason the committee has recommended the doluaetsoethod so as to
exclude metallic soaps which are determined below as sohib&ral matter.

SOLUBLE MINERAL MATTER.

Soluble mineral matter represents mineral matter combirthdfatty acids in the form
of soaps in solution in the fat or oil. Formerly, this mihenatter was often determined
in combination by weighing the separated metallic soap or byhivgj it in conjunction
with the insoluble impurities. Since the soaps present consitynof lime soap, it has
been customary to calculate the lime present thereinkingt@.1 the weight of the total
metallic soaps. The standard method as given above is direcinaoldes no
calculation. The routine method given in the note has been plawedg the methods
for the reason that it is used in some laboratories, but hdwean adopted as a standard
method in view of the fact that the committee has maderitleato adopt only one



standard method. It should be pointed out, however, that the metmomt che
considered accurate for the reason that insoluble impuritigsvarg from sample to
sample to a considerable extent and the error due to the @aselarge particles of
insoluble impurities is thus transferred to the soluble rainaatter. The committee has
found one type of grease (naphtha bone grease) which shows most unusual
characteristics. The type sample contains 4.3 per cent sohibkral matter by the
committee method which would be equivalent to 43.0 per ceatfatty acid. The
kerosene and gasoline filtrate was particularly clear, tfesless the ash was found to
contain 36.43 per cenb®s equivalent to 79.60 per cent of {{RC,)»> and 9.63 per cent
of Fe0O3. The method, therefore, determines the soluble minerakmiattthis case
satisfactorily but the factor 10 is not applicable for calidpthe fatty acids combined
therewith. It is necessary, therefore, in order to deterrthe fatty acids combined with
soluble mineral matter in the original sample to deterrthiveactual bases in the soluble
mineral matter as obtained by ashing the kerosene and gadtiate. To the bases so
determined the factor 10 can then be applied.

FREE FATTY ACID.

The fatty acid method adopted is sufficiently accurate for cercial purposes. In many
routine laboratories the fat or oil is measured and not wejghetdthe committee
recommends weighing the sample in all cases. For scientifioges the result is often
expressed as "acid number," meaning the number of milligednkOH required to
neutralize the free acids in one gram of fat, but the caoialgractice has been, and is,
to express the fatty acids as oleic acid or in the oag®lm oil, as palmitic acid, in
some instances. The committee sees no objection to thewatidn of this custom so
long as the analytical report clearly indicates how the &&d is expressed. For a more
exact expression of the free acid in a given fat, the dtieerrecommends that the ratio
of acid number to saponification number be used. This method céssxpg results is
subject to error when unsaponifiable fatty matter is preseng sieaesult expresses the
ratio of free fatty acid to total saponifiable fatty matteysant.

TITER.

At the present time the prices of glycerol and caustic pa@ashbnormally high, but the
committee has considered that the methods adopted are for non@sland normal
prices. For routine work during the period of high prices thllewing method may be
used for preparing the fatty acids and is recommended by thaittes1

Fifty grams of fat are saponified with 60 cc. of a solutid2 parts of methyl alcohol to

1 of 50 per cent NaOH. The soap is dried, pulverized andidissim 1000 cc. of water

in a porcelain dish and then decomposed with 25 cc. of 75epéisalphuric acid. The

fatty acids are boiled until clear oil is formed and thelhected and settled in a 150-cc.
beaker and filtered into a 50-cc. beaker. They are thetechéa 130° C. as rapidly as
possible with stirring, and transferred, after they heweled somewhat, to the usual
1-in. by 4-in. titer tube.

The method of taking the titer, including handling the thermomieidre followed is the

same as that described in the standard method. Even sanprgigh prices many
laboratories are using the glycerol-caustic potash method fpanomg the fatty acids,

figuring that the saving of time more than compensates for the st of the reagents.
Caustic soda cannot be substituted for caustic potash in treralyeethod.



UNSAPONIFIABLE MATTER.

The committee has considered unsaponifiable matter to indlwee substances
frequently found dissolved in fats and oils which are not sagohifiy the caustic
alkalies and which at the same time are soluble in the oydfaisolvents. The term
includes such substances as the higher alcohols, such as cbblgkteh is found in
animal fats, phytosterol found in some vegetable fats, jpamafid petroleum oils, etc.
UNSAPONIFIABLE MATTER should not be confused in the lay mind wiNsOLUBLE
IMPURITIES OR SOLUBLE MINERAL MATTER.

The method adopted by the committee has been selected omlyhaftmost careful
consideration of other methods, such as the dry extraction methdtieamakt method
making use of the separatory funnel. At first considerationdtiieextraction process
would seem to offer the best basis for an unsaponifiable magtéod) but in practice it
has been found absolutely impossible for different analysts tonohgmeeing results
when using any of the dry extraction methods proposed. Ther#i@enethod had to
be abandoned after numerous trials, although several members ofimitee strongly
favored it in the beginning.

IoDINE NUMBER—The iodine number adopted by the committee is that determined by
the well-known Wijs method. This method was adopted aftefudazemparison with
the Hanus and Hubl methods. The Hibl method was eliminated frondei®n
almost at the beginning of the committee's work for the redsaritte time required for
complete absorption of the iodine is unnecessarily long and, in éxen after
absorption has gone on over night, it is apparently not complete. Insthefcthe Hanus
and Wijs methods complete absorption takes place in frormibbites to an hour,
depending on conditions. Formerly, many chemists thought the Hanu®satather
easier to prepare than the Wijs solution, but the experience cbthmittee was that the
Wijs solution was no more difficult to prepare than the HaRugsthermore, absorption
of iodine from the Wijs solution appeared to take place withtgrgromptness and
certainty than from the Hanus and was complete in a shorter Results by the Wijs
method were also in better agreement in the case of oildrehbvgh iodine absorption
than with the Hanus solution and showed a slightly highenéadibsorption for the
same length of time. However, the difference was not gréatcdmmittee investigated
the question of substitution since it has been suggested tbasenof the Wijs solution
substitution of iodine in the organic molecule might occur, and foundideree of this
in the time required for the determination, namely, 1/2 dir.even for a somewhat
longer period. One member of the committee felt that it medsdesirable to introduce
the Wijs method into these standard methods since the Hanh®dne&as already
standardized by the Association of Official Agricultural Chemists,the committee felt
that it must follow the principle established at the comrasrant of its work, namely,
that of adopting the method which appeared to be the best frastaatipoints, taking
into consideration accuracy, convenience, simplicity, time, resge etc., without
allowing precedent to have the deciding vote.

IODINE NUMBER, TUNG OIL—The committee has made an extensive study of the
application of the Wijs method to the determination of iodin@esah the case of tung

oil with the result that it recommends the method for thidwilhas thought it desirable
to limit the conditions under which the determination is conducgther narrowly,
although reasonably good results are obtained by the commigteednwvithout making
use of the special limitations.

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



Influence of TemperatureFrom 16° C. to 30° C. there is a moderate increase in the
absorption, but above 30° the increase is rather rapid so thas ithought 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 complet
absorption, so far as unsaturated bonds are concerned, occussitivellone hour's
time. Consequently, one hour was set as the practical limit.

Influence of ExcessThe excess of iodine solution also tends to increase the iodine
number, hence the Committee thought it necessary to limittes® rather rigidly to 55
+ 3 per cent, although with greater latitude results wer@nady good.

Influence of Age of SolutierOld solutions tend to give low results although up to 2
mo. no great differences were observed. Nevertheless, ith@aght best to limit the
age of the solution to 30 days—Ilong enough for all practical purposes.

Amount of Sample-As a practical amount of sample to be weighed out the Cdeanit
decided on 0.15 g. with a tolerance of 0.05 g. in either @reeccording to preference.
In other words, the amount of sample to be taken for the deiztion to be from 0.1 to

0.2 g. in the discretion of the analyst.

The Committee's study of the Hubl method which has been adoptéw Society for
Testing Materials in the case of tung oil indicates thist method when applied to tung
oil is subject to the same influences as the Wijs me#imetit has the additional very
serious disadvantage of requiring a long period of time for absorptinich cannot be
considered reasonable for a modern analytical method. When thsirtglibl solution,
the absorption is not complete in the case of tung oil at 3, 7, é\8=ar24 hrs.

The Hanus method in the case of tung oil gives very high aaticeresults, as high as
180 to 240 in ordinary cases for an oil whose true iodine number is Hifut

MELTING POINT.

A melting point is the temperature at which a solid substasseimes the liquid
condition. If the solid is a pure substance in the crystatiamelition the melting point is
sharp and well defined for any given pressure. With increassdyre the melting point
is lowered or raised, depending on whether the substance cenbraetxpands in
melting. The lowering or raising of the melting point with puessis very slight and
ordinarily is not taken into consideration. Melting-point deternimat are commonly
carried out under ordinary atmospheric pressures without correttiengeneral effect
of soluble impurities is to lower the melting point, and thisdedrue whether the
impurity has a higher or lower melting point than the pure substaobeent). Thus if a
small amount of stearic acid be added to liquid palmaitid and the solution frozen, the
melting point of this solid will be lower than that of paimiacid. Likewise the melting
point of stearic acid is lowered by the addition of a smalbunt of palmitic acid. A
eutectic mixture results when two components solidify simuttasly at a definite
temperature. Such a mixture has a constant melting poinbecalise of this and also
because both solid and liquid phases have the same compositemticemixtures were
formerly looked upon as compounds. The phenomenon of double melting pants ha
been observed in the case of a number of glycerides. Such adgyaden placed in
the usual capillary tube and subjected to increasing teraperaickly resolidifies only
to melt again and remain melted at a still higherperature. This phenomenon has not
yet been sufficiently investigated to afford a satisfactaplanation.

Non-crystalline substances such as glass, sealing wax aondsvather waxes and wax



mixtures, and most colloidal substances do not exhibit a shealting point, but under
the application of heat first soften very gradually and atoasiderably higher
temperature melt sufficiently to flow. This phenomenon oftinggthrough a long range
of temperature may be due to the amorphous nature of the substdaodbe fact that it
consists of a very large number of components of many differdtingipoints.

The fats and oils of natural origin, that is, the animal andtabggefats and oils, consist
of mixtures of glycerides and, generally speaking, of a considenaiier of such
components. These components are crystalline and when sdpartie pure state have
definite melting points, although some exhibit the phenomenon of dmditing point.
For the most part the naturally occurring glycerides are mixgobgties. In the natural
fats and oils there are present also certain higher alcobiolhich cholesterol is
characteristic of the animal fats and oils and phytosteratarfy of the vegetable fats
and oils. In addition to the crystalline glycerides and the higih@hols present in
neutral fats, there are in fats of lower grade, fattgsaavhich are crystalline, and also
various non-crystalline impurities of an unsaponifiable nature the presence of these
impurities tends to lower the melting point. They also tenohdace undercooling and
when the liquid fat or oil is being chilled for purposes of satdifon or in
determination of titer.

The presence of water, especially when this is thoroughtgdror emulsified with a fat
or oil, also influences the melting point to a marked extentsing the mixture to melt
through a longer range of temperatures than would be the chsewhter were absent.
This is particularly true of emulsified fats and oils, lsis butter and oleomargarine,
both of which contain, besides water, the solids naturally presemilk or cream and
including casein, milk sugar, and salts. The melting-point metbocaimmended by the
Committee is not applicable to such emulsions or other rwatéxtures and the
Committee has found it impossible to devise an accuratthoshefor making
softening-point or melting-point determinations on products ofrtatare. Not only the
amount of water present but also the fineness of its partithat is, its state of
subdivision and distribution, in a fat or oil influences the safigpioint or melting point
and causes it to vary widely in different samples.

As a consequence of the foregoing facts, natural fats andoi®t exhibit a definite
melting point, composed as they are of mixtures of various dnystglycerides, higher
alcohols, fatty acids, and non-crystalline substances. Therdf@ term melting point
when applied to them requires further definition. They exhibit dinstwer melting point
(the melting point of the lowest melting component) or whaghimbe called the
softening point and following this the fat softens through a shortéonger range of
temperature to the final melting point at which temperaturéathis entirely liquid. This
is the melting point determined by the Committee's melting-pugthod. The range
between the softening point and the final melting point varieslgnedh the different
fats and oils depending on their chemical components, the asdeciated with them,
emulsification, etc. In the case of coconut oil the range beta@fning point and final
melting point is rather short; in the case of butter, longiova methods have been
devised to determine the so-called melting point of fatsodadMost of these methods,
however, determine, not the melting point, but the softening poitite flow point of
the fat and the great difficulty has been in the past to eevimethod which would
determine even this point with reasonable accuracy and soethdts could be easily
duplicated. It has been the aim of the Committee to devisienple method for the
determination of the melting point of fats and oils, but auti be understood that the
term melting point in the scientific sense is not applicébleatural fats and oils.



FOOTNOTES:

Approved by the Supervisory Committee on Standard Methods of Asalfysi
the American Chemical Society.

Live steam must not be turned into tank cars or coils beforgleanare
drawn, since there is no certain way of telling when coils are free from leaks.

If there is water present under the solid material this rbesnhoted and
estimated separately.

Boiling point of water at reduced pressures.

Pressure Mm. Boiling Point to 1° Boiling Point +15° Boiling Point +20°

Hg. C. C. C.
100 52° C. 67° C. 72° C.
90 50 65 70
80 47 62 67
70 45 60 65
60 42 57 62
50 38 53 58
40 34 49 54

Results comparable to those of the Standard Method may be dbbaimeost
fats and oils by drying 5-g. portions of the sample, prepared aighedeas
above, to constant weight in a well-constructed and well-véadilair oven
held uniformly at a temperature of 105° to 110° C. The thernemimilb
should be close to the sample. The definition of constant weitie same as
for the Standard Method.

The following method is suggested by the Committee for routineratont
work: Weigh out 5- to 25-g. portions of prepared sample into a glass
aluminum Caution Aluminum soap may be formed) beaker or casserole and
heat on a heavy asbestos board over burner or hot plate, takinthatathe
temperature of the sample does not go above 130° C. at any tinieg he
heating rotate the vessel gently on the board by hand to avoid sputteidiog or
rapid evolution of moisture. The proper length of time of heatifjgdiged by
absence of rising bubbles of steam, by the absence of foam or bysigtier
known to the operator. Avoid overheating of sample as indicated blirsgn

or darkening. Cool in desiccator and weigh.

By co-operative work in several laboratories, the Commitesedemonstrated
that this method can be used and satisfactory results obt@inedconut oil
even when a considerable percentage of free fatty acids denpreand the
method is recommended for this purpose. Unfortunately on account of the
very great personal factor involved, the Committee cannot estathlish
method as a preferred method. Nevertheless, after an opeaattearned the
technique of the method, it gives perfectly satisfactory refrtsrdinary oils

and fats, butter, oleomargarine and coconut oil, and deservesr@tognition

than it has heretofore received.

For routine control work, filter paper is sometimes more conwérian the
prepared Gooch crucible, but must be very carefully washed, iapec
around the rim, to remove the last traces of fat.

For routine work, an ash may be run on the original fat, andsohgble
mineral matter obtained by deducting the ash on the insolublarities from
this. In this case the Gooch crucible should be prepared witigrated




asbestos mat so that the impurities may be ashed diafiettybeing weighed.
In all cases ignition should be to constant weight so assioré complete
decomposition of carbonates.

See note on Soluble Mineral Matter following these methods. Wieragh
contains phosphates the factor 10 cannot be applied, but the basetingonsis
of calcium oxide, etc., must be determined, and the factor 10 applied to them.

For routine work methyl or denatured ethyl alcohol of approximately 95 per
cent strength may be used. With these reagents the end-point is not sharp.

P. C. Mcllhiney,J. Am. Chem. Sqc29 (1917), 1222, gives the following
details for the preparation of the iodine monochloride solution:

The preparation of the iodine monochloride solution presents no great
difficulty, but it must be done with care and accuracy in otdeobtain
satisfactory results. There must be in the solution no seresibkss either of
iodine or more particularly of chlorine, over that required tomfothe
monochloride. This condition is most satisfactorily attained bgotiieng in

the whole of the acetic acid to be used the requisite quantibgine, using a
gentle heat to assist the solution, if it is found necessating aside a small
portion of this solution, while pure and dry chlorine is passed théo
remainder until the halogen content of the whole solution is doubled.
Ordinarily it will be found that by passing the chlorine into thain part of

the solution until the characteristic color of free iodine hast joeen
discharged there will be a slight excess of chlorine whiclorigected by the
addition of the requisite amount of the unchlorinated portion uhtilree
chlorine has been destroyed. A slight excess of iodine does little barm,

but excess of chlorine must be avoided.

The melting point of oils may be determined in general accorditigetabove
procedure, taking into consideration the lower temperature required.

PLANT AND MACHINERY

lllustrations of machinery and layouts of the plant of a modern
soap-making establishment.
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Appendix

Tables marked * are taken from the German Year Book for Soap
Industry.

(U. S. BUREAU OF STANDARDS)
THE METRIC SYSTEM.

The fundamental unit of the metric system is the metetiteof length). From this the
units of mass (gram) and capacity (liter) are derived.oftier units are the decimal
sub-divisions or multiples of these. These three units are siralalied, so that for all
practical purposes the volume of one kilogram of water (one igegual 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 .1

Unit =one 1.

Gram for mass.

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 combining the words "Met&ram" and "Liter" with
the six numerical prefixes.

LENGTH
10 milli-meters mm = 1 centi-meter cm
10 centi-meters = 1 deci-meter dm
10 deci-meters = 1 meter (about 40 inches) m
10 meters = 1 deka-meter dkm
10 deka-meters = 1 hecto-meter hm

10 hecto-meters 1 kilo-meter (about 5/8 mile) km

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

CAPACITY .
10 milli-liters. m | = 1 centi-liter cl
10 centi-liters = 1 deci-liter dl
10 deci-liters = 1 liter (about 1 quart) |
10 liters = 1 deka-liter dkl

10 deka-liters

1 hecto-liter (about a barrel) h |
1 kilo-liter Kl

10 hecto-liters

The square and cubic units are the squares and cubes of theifitgar

The ordinary unit of land area is the Hectare (about 2-1/2 acres).

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 = 3.28 feet



Meter = 1.094 yards

Kilometer = 0.621 statute mile
Kilometer = 0.5396 nautical mile
Inch = 2.540 centimeters
Foot = 0.305 meter

Yard = 0.914 meter

Statute mile = 1.61 kilometers

Nautical mile = 1.853 kilometers
AREA.

Sq. centimeter = 0.155 sqg. inch

Sqg. meter =10.76 sq. feet
Sqg. meter =1.196 sqg. yards
Hectare = 2.47 acres

Sg. kilometer =0.386 sq. mile

Sq. inch = 6.45 sg. centimeters

Sg. foot = 0.0929 sq. meter

Sq. yard = 0.836 sq. meter

Acre = 0.405 hectare

Sg. mile = 2.59 sq. kilometers

WEIGHT .

Gram =15.43 grains
Gram =0.772 U. S. apoth. scruple
Gram =0.2572 U. S. apoth. dram
Gram = 0.0353 avoir. ounce
Gram = 0.03215 troy ounce
Kilogram = 2.205 avoir. pounds
Kilogram = 2.679 troy pounds
Metric ton = 0.984 gross or long ton
Metric ton = 1.102 short or net tons
Grain =0.064 gram

U. S. apoth. scruple = 1.296 grams
U. S. apoth. dram = 3.89 grams
Avoir. ounce = 28.35 grams
Troy ounce =31.10 grams

Avoir. pound = 0.4536 kilogram



Troy pound = 0.373 kilogram

Gross or long ton = 1.016 metric tons
Short or net ton = 0.907 metric ton
VOLUME .

Cu. centimeter = 0.0610 cu. inch

Cu. meter = 35.3 cu. feet

Cu. meter =1.308 cu. yards

Cu. inch = 16.39 cu. centimeters

Cu. foot =0.283 cu. meter

Cu. yard = 0.765 cu. meter

CAPACITY .

Millimeter =0.0338 U. S. lig. ounce
Millimeter =0.2705 U. S. apoth. dram
Liter =1.057 U. S. lig. quarts
Liter =0.2642 U. S. lig. gallon
Liter =0.908 U. S. dry quart
Dekaliter =1.135 U. S. pecks
Hectoliter = 2.838 U. S. bushels

U. S. lig. ounce = 29.57 millimeters
U. S. apoth. dram = 3.70 millimeters
U. S. lig. quarts = 0.946 liter

U. S.dry quarts = 1.101 liters

U. S. lig. gallon = 3.785 liters

U. S. peck = 0.881 dekaliter
U. S. bushel = 0.3524 hectoliter

AVOIRDUPOIS WEIGHT.

1 pound = 16 ounces =256 drams

lounce =16
TROY (APOTHECARIES') WEIGHT (U. S.)

1 pound = 12 ounces =96 drams = 288 scruples = 5,760 grains
1ounce =8drams =24 scruples =480 grains

1 dram =3 scruples =60 grains



1 scruple = 20 grains
WINE (APOTHECARIES) LIQUID MEASURE (U. S.)

1 gallon =8 pints =128 fl. ozs. =1,024 fl. drams = 61,440 minims
lpint =16fl. ozs. =128fl. drams = 7,689 minims
11l. oz. = 8 fl. drams = 480 minims

1 fl. dram = 60 minims
To find diameter of a circlenultiply circumference by .31831.
To find circumference of a cirglenultiply diameter by 3.1416.
To find area of a circlemultiply square of diameter by .7854.
To find surface of a balmultiply square of diameter by 3.1416.
To find side of an equal squamultiply diameter by .8862.
To find cubic inches in a balnultiply cube of diameter by .5236.
Doubling the diameter of a pipancreases its capacity four times.
One cubic foot of anthracite coaleighs about 53 Ibs.
One cubic foot of bituminous coakighs from 47 to 50 pounds.
A gallon of watel(U. S. standard) weighs 8-1/3 pounds and contains 231 cubic inches.

A cubic foot of watercontains 7-1/2 gallons, 1728 cubic inches and weighs 62-1/2
pounds.

To find the number of pounds of water a cylindrizalk contains, square the diameter,
multiply by .785 and then by the height in feet. This gives thebeurof cubic feet
which multiplied by 62-1/2 gives the capacity in pounds of w&iefide by 7-1/2 and
this gives the capacity in gallons.

A horse-powers equivalent to raising 33,000 pounds 1 foot per minute, or 550 pounds 1
foot per second.

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

To find the diameter of a pump cylinder move a given quantity of water per minute
(100 feet of piston being the standard of speed), divide the nwhbgatons by 4, then
extract the square root, and the product will be the diametarcires of the pump
cylinder.

To find the horse-power necessary to elevate watargiven height, multiply the weight
of the water elevated per minute in pounds by the height ingedtdivide the product
by 33,000 (an allowance should be added for water friction, &mdheer allowance for
loss in steam cylinder, say from 20 to 30 per cent).

To compute the capacity of pumping engimegltiply the area of water piston, in inches,
by the distance it travels, in inches, in a given time.uoe8 per cent for slip and rod
displacement. The product divided by 231 gives the number of gallons indimed.



To find the velocity in feet per minutecessary to discharge a given volume of water in
a given time, multiply the number of cubic feet of water by 4dd divide the product
by the area of the pipe in inches.

To find the area of a required pip¢he volume and velocity of water being given,
multiply the number of cubic feet of water by 144 and divide the ptdduthe velocity

in feet per minute. The area being found, the diameter chrabeed by using any table
giving the "area of circles" and finding the nearest area,sigpm which will be found

the diameter to correspond.

Physical and Chemical Constants of Fixed Oils and Fats.

(FROM LEWKOWITSCH AND OTHER AUTHORITIES .)

Specific gravity | Specific gravity] Melting- Solidifying-

at 15°C. at 100°C. point. C. point. C.
Linseed oll 0.931-0.938 0.880 -16° to -26° -16°
Hemp-seed oil 0.925-0.931 -27°
Walnut oll 0.925-0.926 0.871 -27°
Poppy-seed oil 0.924-0.927 0.873 -18°
Sunflower oll 0.924-0.926 0.919 -17°
Fir-seed ol 0.925-0.928 -27° to -30°
Maize oll 0.921-0.926 -10° to -15°
Cotton-seed oil 0.922-0.930 0.867 12°
Sesame oill 0.923-0.924 0.871 -5°
Rape-seed oil 0.914-0.917 0.863 -2° 10 -10°
Black mustard oil | 0.916-0.920 -17.5°
Croton oil 0.942-0.955 -16°
Castor oil 0.960-0.966 0.910 -12°to -18°
Apricot-kernel oil | 0.915-0.919 -14°
Almond oil 0.915-0.920 -10° to -20°
Ei‘fa““t (arachis) | 916.0.920 0.867 -3°t0 -7°
Olive oil 0.914-0.917 0.862 2°
Menhaden oil 0.927-0.933 -4°
Cod-liver oll 0.922-0.927 0.874 0°to -10°
Seal ol 0.924-0.929 0.873 3°
Whale oll 0.920-0.930 0.872 -2°
Dolphin oil 0.917-0.918 5°to -3°
Porpoise oil 0.926 0.871 -16°




Neat's-foot oil 0.914-0.916 0.861 0°to 1.5°
;‘;ﬁg:eed 0.919-0.923 | 0.867 40° 31° t0 32.5°
Palm oil 0.921-0.925 0.856 27° 10 42°

Cacao butter 0.950-0.952 0.858 30°to 33° 25°to 26°
Cocoa-nut oil 0.925-0.926 0.873 20°to 26f 16°to 20°
Myrtle wax 0.995 0.875 40°to 44°| 39°t043°
Japan wax 0.970-0.980 0.875 51°to 54.5° 46°

Lard 0.931-0.938 0.861 41° to 46°, 29°

Bone fat 0.914-0.916 21°to 22°| 15°to 17°
Tallow 0.943-0.952 0.860 42°to 46°| 35°to 37°
Butter fat 0.927-0.936 0.866 29.5° to 33° 19°to 20°
Oleomargarine 0.924-0.930 0.859

Sperm oil 0.875-0.884 0.833 -25°
Bottle-nose oil 0.879-0.880 0.827

Carnauba wax 0.990-0.999 0.842 84°to 83° 80°to 81°
Wool-fat 0.973 0.901 39°to 42°| 30°to 30.2°
Beeswax 0.958-0.969 0.822 62°to 64 60.5° to 621
Spermaceti 0.960 0.812 43.5°t0 49° 43.4°to 44.p°
Chinese wax 0.970 0.810 80.5° to §1° 80.5° to 81f
g (OC“;"”ese 0.936-0.942 below -17°
Soya-bean oil 0.924-0.927 8°to 15°

Physical and Chemical Constants of Fixed Oils and Fats.

Linseed oil
Hemp-seed oil
Walnut oil
Poppy-seed oil
Sunflower oll
Fir-seed oll
Maize oil

Cotton-seed oil

Saponification
value.

190-195
190-193
195
195
193-194
191.3
188-193
191-195

Maumené
test.

104°-111°
95°-96°
96°-101°
86°-88°
72°-75°
98°-99°
56°-60.5°
68°-77°

(FROM LEWKOWITSCH AND OTHER AUTHORITIES .)

lodine Hehner Reichert
value. value. value.
175-190
148
144-147
134-141 95.38
120-129 95
118.9-120
117-125 89-95.7 25
104-110 96-17



Sesame oll
Rape-seed oil
Black mustard oil
Croton oil
Castor oll
Apricot-kernel oil
Almond oil
Peanut (arachis)
oil
Olive oll
Menhaden oil
Cod-liver oll
Seal oil
Whale-oil
Dolphin {Body oil

oil {Jaw oil
Porpoise {Body
oil

oil {Jaw oil
Neat's-foot oil

Cotton-seed
stearine.

Palm oil
Cacao butter
Cocoa-nut oil
Myrtle wax
Japan wax
Lard

Bone fat
Tallow

Butter fat
Oleomargarine
Sperm oail
Bottle-nose oil
Carnauba wax
Wool-fat
Beeswax

Spermaceti

189-193

170-178

174-174.6
210.3-215
178-186
192.2-193.1
190.5-195.4

190-197

191-196
189.3-192

182-187
190-196

188-193

197.3

200

216-218.8

253.7
194.3

194.6-195.1

196.3-202
192.2-193.5
250-253
205.7-211.7
220-222.4
195.3-196.6
190.9
195-198
221.5-227
194-203.7
132.5-147
126-134
80-84
98.2-102.4
91-96
128

64°-68°
51°-60°
43°-44°

46°-47°
42.5°-46°
51°-54°

45°-49°

41.5°-45.5°
123°-128°
102°-103°
92°
91°-92°

50°

47°-48.5°

48°

27°-32°

47°-51°
41°-47°

105-109  95.8
95-105 95
96-110 95.05
101.7-104 89
83.4-85.9
100-107
93-97 96.2
85-98 95.86

80.6-84.5 95.43
140-170

154-180  95.3
127-140 94.2
110-136 93.5
99.5 93.07
32.8 66.28
119.4
49.6 68.41
69.3-70.4

88.7-92.8 96.3

53-57 95.6
32-41 94.59
8.5-9.3 88.6
2.9
4.2-8.5 90.6
57-70 96
46.3-49.6
36-47 95.6
26-35 87.5
55.3-60 95-96
84
77.4-82
135
25-28
8.3-11

0.35

13.5
14

0.3
1.2

0.22

2.04
5.6
65.92

23.45

65.8

0.5
1.6
3.7

0.25
28.78
2.6
1.3
14



Chinese wax 63

Tung (C_:hlnese 193

wood oil)

Soya-bean oil 190.6-192.9

59°-61°

150-165

121.3-124 955

*Temperature Correction Table for Hehner's Concentrated
Bichromate Solution for Glycerine Analysis

A Temperature f Corrected Volume 1 ¢.c. Logaridhm
11° C 0.9980 ccm 99913
12°" 0.9985" 99935
13°" 0.9990" 99956
14° " 0.9995" 99978
15°" 1.0000 " 00000
16°" 1.0005 " 00022
17°" 1.0010 " 00043
18°" 1.0015" 00065
19° " 1.0020 " 00087
20°" 1.0025 " 00108
21°" 1.0030 " 00130
22°" 1.0035" 00152
23°" 1.0040 " 00173

*Table of Important Fatty Acids

Boiling Point
Name Formula Mol. |Ordinary |100 mm Melting |Neutralization
Wt. |Pressure |Pressure |Pt. value Mg. KOH

Butyric |C4HgO, |88 162.3 637.5
Caproic |CgH1202 |116 | 199.7 483.6
Caprylic |CgH1602 144 | 236-237 16.5 389.6
Capric  |CqoH2002|172 | 268-270 | 199.5-200| 31.3 326.2
Lauric C12H2402 (200 225 43.6 280.5
Myristic | C14H2802(228 250.5 53.8 246.1
Palmitic |Cy16H3202|256 268.5 62 219.1
Stearic | CigH3602|284 291 69.2 197.5
Arachidic | CooH4002 (302 75 185.8




Behenic |CooHz402(330 77-78 | 170.0
Cerotic | Cy7Hs5402(400 78 140.25
Melissic | CzoHepO2 | 442 90 126.5
Oleic C1gH340, 282 185.5-286 | 14 198.9
Erucic CooHy202 (338 33-34 165.9
Linolic C18H3202(280 200.4
Linolenic | C1gH3002|278 201.5
Ricinoleic| C1gH3403 | 298 181.6

*Comparison of Thermometer Scales

n Degree Celsius = 4/5n Degree Reaumur = 32 + 9/5n Degree Fahrenheit

n Degree Reaumur = 5/4n Degree Celsius = 32 + 9/4n Degree Fahrenhe

n Degree Fahrenheit = 5/9 (n - 32) Degree Celsius = 4/9 (n -&2)®

C. |R. F. C/R. | F Ci R | F C| R F.
-20|-16 | -4 20 16 | 68 60 48| 140 100 80 21
-19|-15.2 -2.2/ | 21 16.8 69.8 61 48.8 141/8 101 80.8 213.8
-18|-14.4 -0.4/ | 22 17.6 71.4 62 49.6 1438/6 102 81.6 2[5.6
-17|-13.6) 1.4 || 23 18.4 734 63 50.4 1454 103 82.4 217.4
-16|-12.8 3.2 || 24 19.2 75.2 64 51.2 14y2 104 83.2 2019.2
-15|-12 | 5 28 20 | 77 6p 52| 149 105 84 221
-14|-11.2 6.8 | | 26 20.8 78.8 66 54.8 150/8 106 84.8 2p2.8
-13|-10.4 8.6 | | 2T 21.p 80.6 67 53.6 152/6 107 8%.6 2P4.6
-121-9.6 | 104 | 28 22.4 82.4 68 54.4 1544 108 86.4 2P6.4
-111-8.8 | 12.2 | 29 23.2 84.7 69 53.2 156{2 109 87.2 2P8.2
-10| -8 14 30 24 | 86 70 56| 158 110 88 230
-9 |-7.2 158 | 31 248 87.8| 11 56.8 1598 111 88.8 281.8
-8 |-6.4 |17.6| 32 256 89.4| 712 516 1616 112 89.6 2B3.6
-7 |-5.6 |19.4 | 33 26.4 914 | 73 584 1634 113 904 2854
-6 |-48 |21.2| 34 27.2 93.4| 74 59.2 1652 114 91.2 287.2
-5 |4 23 35 28 | 95 75 60| 167 115 92 239
-4 1-3.2 1248 | 36 28.8 96.§| 16 60.8 168.8 116 92.8 240.8
-3 |-24 |26.6| 37T 296 98.| 717 616 1706 117 93.6 242.6
-2 |-1.6 | 284 | 38 30.4 100/4 78 64.4 172/4 118 94.4 2444
-1 |-0.8 |30.2 | 39 31.2 10212 719 63.2 1742 119 9%.2 246.2




0 |0 32 40 32 | 104 80 64| 176 120 96 248

1 /0.8 [33.8]| 41 32.8 105/§ 81 64.8 17yi8 121 96.8 249.8
2 |16 |356| 42 33.6 107/ 82 63.6 1796 122 97.6 2b2.6
3 |24 |37.4 | 43 34.4 10914 83 6.4 1814 123 98.4 2b3.4
4 3.2 [39.7| 44 352 1112 84 64.2 18812 124 99.2 2p5.2
5 |4 41 45 36 | 113 8b 68| 185 125 100 25

6 |48 |42.8| 46 36.8 114§ 86 68.8 186/8 126 100.8 258.8
7 |56 |44.| 47 37.6 116/ 87 69.6 188/6 127 101.6 260.6
8 |64 |46.4 | 48 38.4 11814 88 70.4 190/4 128 102.4 262.4
9 |7.2 |48.2| 49 39.2 1202 89 71.2 192{2 129 103.2 264.2
10 |8 50 50 40 | 122 90 72| 194 180 104 26b

11 |8.8 | 51.8| 51 40.8 123|]§ 91 72.8 195|8 131 104.8 267.8
12 /9.6 | 53.| 52 41.6 125l 92 73.6 19f|6 132 105.6 269.6
13 {10.4| 55.4| 53 424 1274 93 74.4 199[4 133 106.4 271.4
14 111.2| 57.2| 54 43 1292 94 75%.2 20{|2 134 107.2 273.2
15112 |59 58 44| 131 95 76| 203 1B5 108 275

16 |12.8| 60.8| 56 44.8 132§ 96 76.8 2048 136 108.8 276.8
17 | 13.6| 62.6 | 57 456 134{6 97 77.6 206/6 137 109.6 278.6
18 |14.4| 64.4| 58 464 136{4 98 78.4 208|4 138 110.4 280.4
19 |15.2| 66.2| 59 47 1382 99 79.2 21p0|2 139 111.2 282.2

*Quantities of Alkali Required for Saponification of Fats of Aveaage
Molecular Weight 670

(Cocoanut Oil, Palmkernel Oil)

Kilos

Liters Alkali
Solution Sp. Gr. 1.1

L

Liters Alkali
Solution Sp. Gr.
1.2

S

Liters Alkali
olution Sp. Gr.
1.3

Liters Alkali
Solution Sp. Gr.

1.355

NaOH

KOH

NaOH | KOH

N

aOH | KOH

NaOH

KOH

1000

1875.83

1902.99

844.6Y 930.3

5

510.27 622

71 409

.61 51J7.97

2000

3751.66

3805.97

1689.85 1860

70

1020.64 124

541

81

D.21

1035.95

3000

5627.50

5708.96

2534.02 2791

04

153(.81 184

8.12

12

8.82

1%53.92

4000

7508.33

7611.94

3378.69 3721

39

2041.01 249

0.83

16

38.43

2071.90

5000

9379.16

9514.93

4223.87 4651

74

2551.35 311

3.54

20

18.04

2589.87

6000

11254.94

)

11417.9

1 5068.p4 5582.

09

3061.61 373

6.24

2457.65

3107.84

7000

13130.82

D

13320.9

0 59121 6512

44

3571.88 4385

8.95

28@7.26

3625.82

8000

15006.66

15223.8

8 6757.38 7442

78

4082.15 49§

1.66

3276.86

4143.79




9000

16882.49 17126.8

7 7602.06 8373

.13 459

.42 56(

4.36 3886.47 4661.77

10000

18758.32

19029.9

5 8446.73 9303

48 510

.69 6227.02 40

96.08 5

179.74

*Quantities of Alkali Required for Saponification of Fats of Aveaage
Molecular Weight 860

(Tallow, Cottonseed Oil, Olive QOil, Etc.)

Kilos

Liters Alkali

Solution Sp. Gr. 1.]

L

Liters Alkali
Solution Sp. Gr.
1.2

Liters Alkali
Solution Sp. Gr.

1.3

Liters Alkali

1.355

Solution Sp. Gr.

NaOH KOH

NaOH | KOH

NaOH

KOH

NaOH

KOH

1000

1461.40

1482.54

658.0p 724.81

397.

b4 485

13 319

A1 40

3.54

2000

2922.81

2965.12

1316.12 1449|6

1

795.

07

970

27  638.23 80

7.08

3000

4384.21

4447 67

1974.18 2174}4

2

1192.61

1455.40 95

.34 12

10.61

4000

5845.62

5930.23

2632.24 2899|2

2

1590.14

1940.53 12)6.45

1614.15

5000

7307.02

7412.79

3290.80 36240

3

1987.68

2425.67 1595.57

2(

17.69

6000

8768.42

8895.85

3948.85 43488

4

2385%.21

2910.80 1914.68

2421.23

7000

10229.83

10377.9

4606.41 5073,

64

278

.75

3395.93 2233.79

2

824.77

8000

11691.23

11860.4

5264.47 5798

45

318

D.28

3881.06 2552.90

3

228.30

9000

13152.64

13343.0

5922.63 6523

25

357

/.82

4366.20 2872.02

3

©31.84

10000

14614.04

14825.5

1
5
2
8

6580.09 7248.

06

397

5.35

4851.33 3191.13

4

D35.38

DENSITY AND STRENGTH OF SULPHURIC ACID (SIDERSKY).

Degrees Sp. Gr. at % of pure acid Equivalent (in cc.) off Equivalent (in cc.) of
Twaddell. [15°C. |(H2SOy). a kilo of pure acid. |a liter of pure acid.
1 1.007 19 52.620 96.930

3 1.014 2.8 35.710 66.450

4 1.022 3.8 25.650 47.230

6 1.029 4.8 20.410 37.582

8 1.037 5.8 16.670 30.690

9 1.045 6.8 14.085 25.938

10 1.052 7.8 12.198 22.460

12 1.062 8.8 10.755 19.803

13 1.067 9.8 9.524 17.540

15 1.075 10.9 8.547 15.740

17 1.083 11.9 7.752 14.278

18 1.091 13.0 7.042 12.969




20 1.100 14.1 6.452 11.882
22 1.108 15.2 5.953 10.962
23 1.116 16.2 5.526 10.177
25 1.125 17.3 5.405 9.954
27 1.134 18.5 4.76 8.770
29 1.142 19.6 4.465 8.223
30 1.152 20.8 4.184 7.723
32 1.162 22.2 3.876 7.138
34 1171 23.3 3.663 6.745
36 1.180 24.5 3.541 6.521
38 1.190 25.8 3.258 5.999
40 1.200 27.1 3.077 5.666
42 1.210 28.4 2.907 5.353
44 1.220 29.6 2.770 5.102
46 1.231 31.0 2.618 4.865
48 1.241 32.2 2.500 4.604
50 1.252 33.4 2.392 4.406
53 1.263 34.7 2.283 4.205
55 1.274 36.0 2.179 4.012
57 1.285 37.4 2.079 3.829
60 1.297 38.8 1.988 3.661
62 1.308 40.2 1.905 3.508
64 1.320 41.6 1.821 3.354
66 1.332 43.0 1.745 3.214
69 1.345 44.4 1.665 3.085
71 1.357 45.5 1.621 2.985
74 1.370 46.9 1.558 2.869
77 1.383 48.3 1.497 2.757
80 1.397 49.8 1.436 2.646
82 1.410 51.2 1.386 2.551
85 1.424 52.6 1.335 2.459
88 1.438 54.0 1.287 2.370
91 1.453 55.4 1.237 2.270
94 1.468 56.9 1.195 2.200
97 1.483 58.3 1.156 2.130




100 1.498 59.6 1.116 2.050
103 1.514 61.0 1.080 1.980
106 1.530 62.5 1.045 1.930
108 1.540 64.0 1.010 1.860
113 1.563 65.5 0.975 1.800
116 1.580 67.0 0.950 1.740
120 1.597 68.6 0.917 1.690
123 1.615 70.0 0.888 1.630
127 1.634 71.6 0.855 1.570
130 1.652 73.2 0.845 1.520
134 1.671 74.7 0.800 1.470
138 1.691 76.4 0.774 1.430
142 1.711 78.1 0.749 1.390
146 1.732 79.9 0.722 1.320
151 1.753 81.7 0.705 1.280
155 1.774 84.1 0.672 1.235
160 1.798 86.5 0.639 1.190
164 1.819 89.7 0.609 1.120
168 1.842 100.0 0.544 1.000

*Densities of Potassium Carbonate Solutions at 15 C (Gerlach)

Per cent of

pure KoCO3
1.00914 1

1.01829
1.02743
1.03658
1.04572
1.05513
1.06454
1.07394
1.08337
1.09278
1.10258
1.11238

Sp. Gr.

Ol N|OO|O | B|lWIDN

=
o

-
H

=
N




1.12219

13

1.13199

14

1.14179

15

1.15200

16

1.16222

17

1.17243

18

1.18265

19

1.19286

20

1.20344

21

1.21402

22

1.22459

23

1.23517

24

1.24575

25

1.25681

26

1.26787

27

1.27893

28

1.28999

29

1.30105

30

1.31261]

31

1.32417

32

1.33573

33

1.34729

34

1.35885

35

1.37082

36

1.38279

37

1.39476

38

1.40673

39

1.4187(Q

40

1.43104

41

1.44338

42

1.45573

43

1.46807

44

1.48041

45

1.49314

46

1.50588

a7




1.51861 48
1.53135 49
1.54408 50
1.55728 51
1.57048 52
1.57079 53.024

*Constants of Certain Fatty Acids and Triglycerides

Per cent Yield

Triglycerides of
» x‘olléx'Acid (I\)/ll‘o'll'lri\g/;\llyt/.cerides Fatty Acid) Glycering

Stearic Acid 284 890 95.73 10.34
Oleic Acid 282 884 95.70 10.41
Margaric Acid | 270 848 95.52 10.85
Palmitic Acid | 256 806 95.28 11.42
Myristic Acid | 228 722 94.47 12.74
Lauric Acid 200 638 94.04 14.42
Capric Acid 172 594 93.14 15.48
Caproic Acid | 116 386 90.16 23.83
Butyric Acid |88 302 87.41 30.46

PERCENTAGES OF SOLID CAUSTIC SODA AND CAUSTIC
POTASH IN CAUSTIC LYES ACCORDING TO BAUME SCALE.

Degrees Baume. % NaQH % KOH
1 0.61 0.90
2 0.93 1.70
3 2.00 2.60
4 2.71 3.50
5 3.35 4.50
6 4.00 5.60
7 4.556 6.286
8 5.29 7.40
9 5.87 8.20
10 6.55 9.20
11 7.31 10.10
12 8.00 10.90




13 8.68 12.00
14 9.42 12.90
15 10.06 13.80
16 10.97 14.80
17 11.84 15.70
18 12.64 16.50
19 13.55 17.60
20 14.37 18.60
21 15.13 19.50
22 15.91 20.50
23 16.77 21.40
24 17.67 22.50
25 18.58 23.30
26 19.58 24.20
27 20.59 25.10
28 21.42 26.10
29 22.64 27.00
30 23.67 28.00
31 24.81 28.90
32 25.80 29.80
33 26.83 30.70
34 27.80 31.80
35 28.83 32.70
36 29.93 33.70
37 31.22 34.90
38 32.47 35.90
39 33.69 36.90
40 34.96 37.80
41 36.25 38.90
42 37.53 39.90
43 38.80 40.90
44 39.99 42.10
45 41.41 43.40
46 42.83 44.60
47 44.38 45.80




48 46.15 47.10
49 47.58 48.25
50 49.02 49.40

GLYCERINE CONTENT OF MORE COMMON OILS AND FATS
USED IN SOAP MAKING.

Theoretical
1 0,
Yield Average ‘ Yo Purg Yield Soap Lye
: of Pure Free Fatty Acid Glycerine

Kind. . . .. . . 180% Crude

Glycerine in Commercial | in Commercial Glveerine

of Neutral Oil orl Ol. oil. y '

Fat.
Beef Tallow | 10.7 5 10.2 12.75
Bone Grease| 10.5 20-50 5.2-8.4 6.5-10.5
Castor Ol 9.8 0.5-10 8.8-9.8 11.0 -12.45
Cocoanut Oil | 13.9 3-5 13.2-13.5 16.5-16.9
g?fcoa””t Ol 15 40 8.3-11.8 10.37-14.75
Corn Qil 10.4 1-10 9.3-10.3 11.62-12.9
gﬁttonseed 10.6 Trace 10.6 13.25
Hog Grease | 10.6 0.5-1 10.5-10.6 13.12-13.25
Horse Greasg 10.6 1-3 10.5-10.6 13.12-13.25
Olive Qil 10.3 2-25 7.7-10.2 9.62-12.75
Olive Foots 30-60 4-7 5-8.75
Palm Oil 11.0 10-50 5.5-10 6.87-12.5
gﬁ'mkeme' 13.3 4-8 12.2-12.8 15.25-16
Peanut Oil 10.4 5-20 8.3-9.9 10.37-12.37
Soya Bean Oil 10.4 2 10.2 12.75
Train Oll 10.0 2-20 8-9.8 10.0 -12.25
Vegetable |44 1-3 10.5-10.8 13.12-13.5
Tallow

*Table of Specific Gravities of Pure Commercial Glycerine wth
Corresponding Percentage of Water. Temperature 15 C.

Sp. Gr.

% Watelr

Sp.Gr. % Wa#er

1.262

0

1.160

38 |




1261 |1 1.157| 39
1.258 | 2 1.155| 40
1.255 | 3 1.152| 41
1.2515| 4 1.149| 42
1.250 | 5 1.1464 43
1.2467| 6 1.1437 44
1.2450) 7 1.141| 45
1.243 | 8 1.1377 46
1.241 | 9 1.1353 47
1.237 | 10 1.132¢ 48
1.235 | 11 1.1304 49
1.2324] 12 1.127| 50
1.229 | 13 1.125| 51
1.2265| 14 1.1224 52
1.2245| 15 1.1204 53
1.2225| 16 1.117| 54
1.2185| 17 1.114| 55
1.2174] 18 1.112| 56
1.2142| 19 1.109| 57
1.211 | 20 1.106| 58
1.207 | 21 1.103| 59
1.203 | 22 1.1006 60
1.2004| 23 1.088| 65
1.198 | 24 1.075| 70
1.195 | 25 1.0623 75
1.1923| 26 1.049| 80
1.189 | 27 1.036% 85
1.188 | 28 1.0243 90
1.1846| 29 1.0218 91
1.182 | 30 1.0192 92
1179 | 31 1.0168 93
1.176 | 32 1.0147 94
1.1734| 33 1.0125 95
1.171 | 34 1.01 | 96
1.168 | 35 1.0074 97




1.165 | 36 1.0053 98
1.163 | 37 1.0026 99

Table of Percentage, Specific Gravity and Beaume Degree of Rur
Glycerine Solutions

Per cent SP. Gr._ Degree, Per cent SP. Gr._ Degree,
Water Champion and Beaumeé Water Champion and Beaumeé
Pellet (Berthelot) Pellet (Berthelot)

0 1.2640 31.2 11.0 1.2350 28.6
0.5 1.2625 31.0 115 1.2335 28.4
1.0 1.2612 30.9 12.0 1.2322 28.3
15 1.2600 30.8 12.5 1.2307 28.2
2.0 1.2585 30.7 13.0 1.2295 28.0
2.5 1.2575 30.6 13.5 1.2280 27.8
3.0 1.2560 30.4 14.0 1.2270 27.7
3.5 1.2545 30.3 14.5 1.2255 27.6
4.0 1.2532 30.2 15.0 1.2242 27.4
4.5 1.2520 30.1 155 1.2230 27.3
5.0 1.2505 30.0 16.0 1.2217 27.2
5.5 1.2490 29.9 16.5 1.2202 27.0
6.0 1.2480 29.8 17.0 1.2190 26.9
6.5 1.2465 29.7 17.5 1.2177 26.8
7.0 1.2455 29.6 18.0 1.2165 26.7
7.5 1.2440 29.5 18.5 1.2150 26.5
8.0 1.2427 29.3 19.0 1.2137 26.4
8.5 1.2412 29.2 19.5 1.2125 26.3
9.0 1.2400 29.0 20.0 1.2112 26.2
9.5 1.2390 28.9 20.5 1.2100 26.0
10.0 1.2375 28.8 21.0 1.2085 25.0
10.5 1.2362 28.7

*Table of Specific Gravities of Pure Glycerine Solutions wh
Corresponding Beaume Degree and Percent Water

Per cent Water Sp. Gr. Degree Beaume Per cent Water rSegree Beaume
0.0 1.2640 31.2 1.0 1.2612 30.9
0.5 1.2625 31.0 15 1.2600 30.8




2.0 1.2583 30.7 12.0 1.23%22 28.3
2.5 1.2575 30.6 12.5 1.2307 28.2
3.0 1.256Q 30.4 13.0 1.2295 28.0
3.5 1.2545 30.3 13.5 1.2280 27.8
4.0 1.2537 30.2 14.0 1.2270 27.7
4.5 1.2520 30.1 14.5 1.22%5 27.6
5.0 1.2505 30.0 15.0 1.2242 27.4
5.5 1.249Q0 29.9 15.5 1.2230 27.3
6.0 1.248Q 29.8 16.0 1.2217 27.2
6.5 1.2463 29.7 16.5 1.2202 27.0
7.0 1.2455 29.6 17.0 1.2190 26.9
7.5 1.244Q 29.5 17.5 1.2177 26.8
8.0 1.2427 29.3 18.0 1.2165 26.7
8.5 1.2417 29.2 18.5 1.21%0 26.5
9.0 1.240Q 29.0 19.0 1.2137 26.4
9.5 1.239Q0 28.9 19.5 1.2125 26.3
10.0 1.2373 28.8 20.0 1.2112 26.2
10.5 1.2362 28.7 20.5 1.2100 26.0
11.0 1.235Q 28.6 21.0 1.2085 25.9
11.5 1.2335 28.4
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