Esterification and Interesterification
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STERIFICATION AND INTERESTERIFICATION are not at
E all new as industrial processes applied to fatty
materials; as unit processes they have been a
subject for intensive scientific study and praetical
invention for more than a century. Yet they continue
to hold new interest for those engaged in the fatty oil
industries and are being utilized apparently at an ac-
celerating rate. New proposals are being put forward
frequently for commercial applications of these proc-
esses; in view of the large tonnage of fat now being
processed by methods which had hardly been operated
outside a research laboratory 10 years ago, it seems
safe to predict that in the next decade many more of
the proposed applications will be put into practice
and still other ways will be found to make better and
cheaper products with the aid of these processes.
We shall not attempt in this brief discussion to
describe esterification and interesterification in all
their varieties and applications; it should be more
instructive to concentrate upon some of the prineiples
and relationships that seem especially interesting,
illustrated by a few eoncrete examples of going proe-
esses. But as a preliminary, it may be well to list
some of the fields in which the processes have been or
may be applied (Table T).

TABLE I

Industrial Applications of Esterification and Interesterification
{Partial list of actual and proposed operations)

Reviews
Direct esterification of acid and alcohol 1,2,28
Fatty acids, with monohydric alcohols, to make
plasticizers, intermediates, esters for
fractionation in analysis and research
Fatty acids, with polyhydric alcohols
with glycerol, to make monoglycerides
with other polyols, to make emulsifiers, drying 3
oils (4, 5, 6, 15) and other products
Mixtures of acids, with polyhydric alcohol
oil modified alkyd resins (20)
tall oil esters (21, 22)
Rosin acids, with polyhydric aleohols
ester gum and other resins (16, 17)
Fatty alcohols, with fatty acids or other acids
Alcgholysis
Triglycerides and monohydric alcohols
methanol, to make methyl esters and glyeerol (7)
other alcohols
Triglycerides and glycerol, to make
monoglycerides, for use in-edible products (18)
monoglycerides, as step in manufacture of alkyds

24
23

(19)
Triglycerides and other polyols 3
Ester-ester interchange, reaction in single phase,
without removal of a product during the reaction
Exch?nge of radicals among triglycerides of a natural
at
improved shortening from lard (8, 10, 11, 15)
Exchange among triglycerides of fat mixtures
Ester-ester interchange in two-phase system, with reaction
influenced by precipitation or removal of a product
(“directed interesterification’)
Exchange of radieals among glycerides of a nataral
fat, with simultaneous crystallization
improved shortening from lard (314)

9, 37, 38

23

12,13, 37, 38

The chemistry of these processes is basically the
same, regardless of the kinds of acids and esters in-
volved, with a few exceptions, and when they are
applied to fatty materials, the usual considerations
applv to the operation and control of the processes,
provided that due allowance is made for the effects
of mutual solubilities and relative reaction rates of
the various reactants. They are reversible reactions
which eonform reasonably well with the law of mass
action when carried out in homogeneous systems, and
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TABLE IT

Bsterification of Bquivalent Quantities of
Acid and Alcohol at 155°C. (Menschutkin)

% Conversion to Kster Equilibrium
5
1 hr. Limit Jonstant, K
Alcohols with acetic acid
Methyl... 55.59 69.59 5.24
Ethyl.. 46.95 66.57 3.96
46.92 66.85 4.07
48.85 87.30 4.24
35.72 59.41 2.18
y! 26.53 60.52 2.35
Trimethylcarbin 1.43 6.59 4.0049
Phenol... 1.45 8.64 0.0083
Acids with isobutyl aicohol
i 61.69 64.23 3.22
44.36 67.38 4.27
41.18 68.70 4.82
33.25 69.52 5.20
29.03 69.51 5.20
8.28 72.65 7.06
48.82 73.87 7.99
Benzoie.... 8.62 72.57 7.00

accordingly the rate and extent of reaction in any
given ecase ean be influenced by the relative propor-
tions of the reactants or by the withdrawal of a
produet from the sphere of action while the reaction
18 going on.

For esterification reactions in general, Lieyes (1)
has shown graphically how the proportion of alcohol
to acid affects the yield of ester at equilibrium when
the reaction is carried out in a homogeneous system.
When the reaction is one with a very favorable equi-
librium constant, K == 10, such as oceurs for example
when para-toluic aeid is esterified with a typical pri-
mary aleohol, a high degree of conversion is obtained
without a large excess of aleohol; with one equivalent
of aleohol, the conversion would be about 76%, and
with two equivalents or more, the conversion at equi-
librium is better than 90%. At the other extreme, a
reaction with a very small K (0.0001), such as would
apply for the esterification of some tertiary alcohols
with fatty acids, the conversion at equilibrium would
be only about 3%, even though 10 times the equivalent
quantity of alcohol were used. In such a case, it would
be impractical to carry out the esterification without
upsetting the equilibrium by removing one of the
products, or by using some indireet method.

Different aleohols differ to a remarkable degree in
their reaction rates and in their equilibrium constants
for reaction with a given acid. Different acids also
differ radically in their reaction rates but tend to be
more nearly alike in degree of reaction at equilibrium
with a given aleohol. Trimethylacetic acid, for ex-
ample, reacts very slowly, no doubt because of steric
effects, but if given enough time, it will react as com-
pletely, or more so, than corresponding unbranched
acids. A few of these relationship are shown in Table
T1. Lauric and palmitic acids produce the same molar
proportion of ester as do acetic and butyric acids
when brought to equilibrium with isopropyl aleohol
in solution in dioxane, which produces a homoge-
neous system in each case (26). The extreme dif-
erences that exist among various organic acids in
their rates of esterification under comparable econ-
ditions have been confirmed by numerous experi-
ments made more recently than those summarized
in Table II. In a series of aliphatic acids beginning
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with acetic acid, increased branching of the chain
decreased the rate of acid-catalyzed esterification.
‘With a high degree of branching the reaction was as
much as 7,000 times slower than that of acetic acid,
and a few extreme cases were found with a rate too
slow to measure (28,29). A few of these data are
shown in Table III. These differences in rate are
attributable to steric effects, and it has been pointed
out that the acids having a large number of atoms in
the 5 or 6 position, counting back from the oxygen
of the carbonyl group as number 1, would have a
great deal of hindrance (28). Comparing aromatic
acids with aliphatie, benzoic acid esterifies much less
rapidly than acetic acid. In view of this it is not
surprising that the ortho-substituted benzoic acids
with substituents in both the 2 and 6 positions are
so strongly hindered that their esters can hardly be
made at all by the direet esterification route.

In comparison with the effect of branching of the
chain near the carboxyl group, differences in chain
length of normal fatty acids have little effect on the
esterification rate. Tt might be supposed that stearie
acid, and other higher fatty acids, would be less re-
active than acetie acid, but actually, except for for-
mie aeid, the different acids in the acetie acid series
differ very little from each other, either in acidity or
esterification rate, provided that the comparisons are
made under conditions which eliminate solubility ef-
fects. Unsaturated fattv aecids are said to esterify
somewhat more slowly than the ecorresponding satu-
rated acids (Table TV), but the difference is rela-
tively small when the wnsaturation oceurs at some
distance out on the chain from the earboxyl group,
as it does in npearly all of the natural unsaturated
fatty acids. A double bond at the 2 position, as in
acrylic acid or 2-octadecenoic acid, causes the reac-
tion to be considerably slower.

In practical esterification of natural fatty acids
and fatty acid wmixtures, differences in rate among
the different individual acids are seldom noticed, but
the same is not trve for mixtures of fatty aeids with
other types of acids. In the case of fall oil, for ex-

TABLE III
Acid-Catalyzed Esterification of Aliphatic Acids
(0.005 Molar HCI) (28)

koo OH.CO0H

. Kook _ ka0 CHLCOOH
Acid X 108 Koor RGOOH
CH.(00H 44.0 1
CH.CH,.COOH... 40.0 1.19
CH.CH.CH.CO0H 21.1 2.02
Higher alkanoir 2.02 ave.
14.7 3.00
- 1.40 26.8
(CH.):CCH-COOH . 0.814 42.7
(OH.)CCH (CH.) CO( . 1616
(CH.)2CC (CH2) ,CO0H 7765

2k in liters/mole/sec.

TABLE 1V

Velocity Constants for the Hsterifieation of Various Fatty Acids
and Methyl Aleohol Catalyzed by Hydrochlovic Acid®

Acid k Acid k
Formic 2568 Lauric 121.9
Acetic 239 Myristie 120.9
Propionic 211.7 Palmitic 114.4
Batyrie 115.2 Stearic 123.7
Valerie 123.2 Undecenoie 53.0
Caproie 118.7 Oleic 54.4
Heptanoic 120.9 Elaidie 54.4
Caprylic 125.8 Erucie 51.2
Nonanoic 123.5 Bragsidic 51.8
Capric 119.3 A%3-0leic 1.3

a A, Skrabal, “Chemical Kinetics,”” in International Critical Tables,
vol. VII, McGraw-Hill, New York, 1930, p. 138.
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ample, the rosin acids in the mixture esterify so mueh
more slowly than the fatty acids that a considerable
degree of selective esterification can be practiced
(21). The practical esterification of higher fatty
acids usually is essentially very simple, especially
when the aleohol involved is relatively mnonvolatile,
as 1s the case with glyeerol, pentaerythritol, and
other aleohols often used. In these cases it is rela-
tively easy to remove the water produced by the reae-
tion without complicated means for preventing the
loss of ome of the reactants. Furthermore the tem-
perature in most cases can be high enough to give a
reasonable reaction rate without the use of catalyst,
and it is simply necessary to provide sufficiently zood
agitation to keep the reactants well mixed, especially
at the beginning when the system mav consist of two
phases differing considerably in density. and to pro-
vide conditions which favor the removal of moisture
as rapidly as it is formed in the reaction. For this
latter purpose reduced vressure or sparging with
inert gas or super-heated steam or combinations of
these measures are effective. In this connection it
may be remarked that steam passing throuch hot oil
in a vessel at reduced pressure is in a highly suner-
heated state and is an effective and economical dry-
ing-agent.

Several publications have oiven data on the esteri-
fication of natural fatty acid mixtnres, such as nea-
nut fatty acids with glycerol (27). linseed fattv acids
with pentaerythritol and other polvols (25}. Avnro-
priate temperatnres for such operations are in the
range of about 190° to 240°C.

Rosin aecids reauire higher temperatures becavse
they have a much slower rate of esterification. at-
tributable tn steriec effects of the kind that has been
discussed. Comparison of typical data for fatty acids
(27) with typical data for vosin (16,17) show that
a temperature at least 75°C. higher is reouired to
make rosin esterify at a rate comparable with that of
fatty acid.

In spite of the basic simplicity of the nneatalvzed
esterification of fatty aecid with polyvhvdrie aleohols
at high temperature, it is not easv to get a hich de-
gree of completeness of reaction if the produet is to
have both a Tow content of free hyvdroxvl and a Jow
acid valne. The shape of the enrve for acid value (or
hydroxvl value) vs. time is sueh that a lone time mav
be required to reach a desired deeree of comvleteness
of reaction unless an excess of one of the reactants
can be nused and left in the vrodnet or removed after
the ecomnpletion of the esterification.

The simple high temnerature esterification with re-
moval of water hy distillation may not be apvropriate
for some onerations. as for examvle, those involving
a volatile alechol. In such cases other devices may be
resorted to for forcine the reaction toward commnle-
tion, such as the use of a catalvtie reaction at lower
temperatures. reaction under pressure. use of an ex-
cess of aleohol followed by removal of the excess from
the product, and the use of some device for removing
one of the products during the course of the reaction.
For some cases the removal of water by azeotronic
distillation with benzene ov xylene during the reac-
tion is very effective. This deviece makes it possible
even to prevarve the esters of fatty acids with varions
phenols which ordinarily were considered to be diffi-
enlt or impossible to esterify by divect reaction (30).
Numerons patents have deseribed various methods
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for forcing esterifications to completion; broad pat-
ents in this field have expired (31).

Alcoholysis. The preparation of esters by reaction
of aleohol with ester instead of with acid, resulting
in the formation of alecohol and ester instead of water
and ester, can be carried out by methods analogous
to those used for esterification, with or without cata-
lyst, and with the aid of analogous devices for pro-
moting completeness of reaction. Acid catalysts are
effective, as they are for esterification. A notable
difference between the two reactions is that the ab-
sence of acid as a reactant in aleoholysis makes it
possible to use alkaline substances as catalysts. Alka-
line eatalysts are so remarkably effective that temper-
atures quite different from those required when no
catalyst, or an acid catalyst, is used are appropriate
with alkaline catalyst. In many cases room tempera-
ture is high enough to give a satisfactory rate; in
cases where temperatures above 100°C, are desirable
for some reason, the quantity of alkaline catalyst re-
quired to give a rapid reaction rate may be minute.

The very rapid rate of aleoholysis tends to obscure
the fact that different alcohols and esters may react
at considerably different rates in alkaline systems.
The same is true of ester-ester interchange. In this
connection it is interesting to note the astonishing
differences that have been observed in the rates of
alkaline saponification of various esters. At one ex-
ireme the saponification rate of ethyl oxalate is so
rapid that the acid value of a sample of the ester
cannot be determined in the ordinary way by titrat-
ing it in alecholic solution with aqueous sodium hy-
droxide, using phenolphthalein as indicator; the es-
ter starts to saponify before the alkalinity is strong
enough to turn the phenolphthalein pink. The sapon-
ification rate of ethyl oxalate is more than five mil-
lion times as great as that of ethyl acetate. At the
other extreme the sterically hindered ester, tertiary-
butyl 2,4,6-trimethylbenzoate, was not affected at all
when boiled for an hour with 20% sodium hydroxide
solution (32). Table V shows relative rates for esters
of a few different aleohols and acids.

TABLE V

Comparative Rates of Alkaline Hydrolysis of a Few Fisters (33)
(Rates relative to that of Hthyl Acetate taken as 100)

Ester Rate Ester Rate
Methyl acetate 155 Ethyl formate 21,300
Ethyl acetate 100 Kithyl propionate 90
n-Butyl acetate 77 Ethyl butyrate 53
iso-Butyl acetate 69 Ethyl caproate? 52
sec.-Butyl acetate 16 Ethyl methoxyacetate 1,945
tert.-Butyl acetate 1.6 Ethyl acetoacetate 436
Glycol monoacetate 266 Ethyl pyruvate 1.7x10%
Monoacetin 316 Ethyl oxalate 1st stage 5.8x 108
Vinyl acetate 9600 Ethyl oxalate 2nd stage 1,130
Allyl acetate 179 Ethyl benzoate 26
Phenyl acetate 1250 Benzyl acetate 195

2 In alcohol-water.

The effect of varying the aleohol group is shown by
the variation in rate for different acetates. Esters of
secondary and tertiary alcohols reacted noticeably
more slowly than those of corresponding primary al-
cohols. Glycol and glycerol acetates saponified sig-
nificantly more rapidly than ethyl acetate. On the
basis of other experience, it may be said that this
kind of difference carries over into alecoholysis and
ester-ester interchange and that the natural fatty
glycerides are relatively responsive to- the effect of
alkaline catalyst in these reactions. Variations in the
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acyl end of the ester may cause extreme differences
in rate of saponification, but differences among the
esters of normal fatty acids from butyrate upward
are negligible. Ethyl butyrate and ethyl laurate sa-
ponify at the same rate in 85% aleohol (34).

The variations in esterification rates of different
acids and aleohols can be accounted for largely by
differences in steric hindrance, but the differences ob-
served in these alkali-catalyzed reactions can hardly
be accounted for in this way alone, and evidently
other effects are involved. Many of the differences
can be attributed to polarity or polarizability of the
molecules; it is believed that substituent groups dif-
fering in their tendencies to attract or to release elec-
trons differ in their influence on the electron density
around the site of reaction and thus affect the rate at
which the molecule will react with a highly polar en-
tity, such as hydroxyl ion or alkoxy ion. Resonance
also may have an effect, especially when the ester is
one in which the carbonyl of the ester group is con-
jugated with unsaturation in the aeyl group. At-
tempts have been made recently to assign quantita-
tive values to the various effects atiributable to
molecular structure and to reconcile apparently con-
flicting views (35, 36).

Ester-ester Interchange. The fact that radicals will
exchange in a mixture of esters when they are held
at temperatures about 300°C. was known as far back
as the time of Friedel and Crafts (40). Since that
time mueh work has been done on this reaction, in-
cluding tests of many catalysts and numerons at-
tempts to find useful applications of the reaction to
fats and fatty materials. Also it has been shown that
interchange of radiecals oecurs as a part of what is
happening in other processes, such as varnish eook-
ing and heat-bodying of oils. The reaction may be
applied in countless ways to natural or artificial mix-
tures of triglycerides, to mixtures of fats with fatty
or non-fatty esters of aleohols other than glycerol,
and indeed to almost any sort of ester mixture in
which fatty esters are involved. The history of this
work has been reviewed several times (9,12, 23, 37,
38).

The most important eommercial application of the
reaction to fats has been to improve lard for use in
plastic shortenings. Currently two main types of the
reaction are being practiced commercially, both ap-
plied to the natural triglyceride mixtures existing in
whole lard, and both utilizing highly aective alkaline
catalysts at moderately low temperatures. The one
type, which consists simply of interesterifying the
melted lard until an approximate equilibrium has
been attained, has been referred to as ‘‘randomizing”’
because it is believed that it produces a triglyceride
composition closely approximating that which would
be produced if the various fatty acid radicals were
distributed purely at random, in accordance with the
laws of chance, among the hydroxyl groups of the
glycerol. The effect is essentially the same as that
which would be obtained if the lard were compietely
hydrolyzed and re-esterified. The other type of proec-
ess is carried out at a lower temperature, low enough
to allow crystallization of a portion of the mixture
while the interchange of radicals is eontinuing in the
liquid portion. This produces a different composition,
comprising a larger proportion of high-melting glye-
erides and a correspondingly larger proportion of
very low-melting glycerides. The degree of differ-
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ence depends upon the temperature, time, and other
conditions of the reaction.

The reason for randomizing lard is that the tri-
glyceride mixture produced by the process has a com-
position and physical properties different from those
of the original lard and that, for the production of
certain ecommercial produects, these physical proper-
ties are more desirable than those of the original
lard. When used to formulate a plastic shortening,
usually simply by the addition of a small proportion
of “flakes’’ (low LV. hydrogenated cottonseed oil,
lard, tallow, or other fat), followed by the usual fin-
ishing operations, the plasticized produet made from
randomized lard has a better appearance because it
has more and finer crystals, keeps its appearance bet-
ter during storage, and has better creaming and cake-
making qualities, and other properties superior to
those of the corresponding shortening made with nat-
ural lard (8,10, 39). Practical methods for applying
this process to lard may be typified by the method
used by Armour and Company, according to a pub-
lished description (39). Melted unrefined lard is
mixed with filter aid in an agitated tank, pumped at
a rate of 30,000 Ibs. per hour through a plate filter
into a 60,000-1b. holding tank, where it is held at
175-180°F. From this tank the lard goes through a
continuous vacuum dryer from which it is pumped
to one of a pair of 5,000-b. closed reactor tanks
equipped with steam ecoils and agitator. Sodium
methoxide is added as catalyst, and the reaction is
allowed to take place for a ‘‘few minutes.”” The
grade and quantity of sodium methoxide is undis-
closed, but presumably the catalyst consisted of
finely powdered dry sodium methoxide in a guantity
not more than about 0.2%. The produect from the re-
actor passes through a strainer and air separator to
a small high-velocity mixer, where a fixed proportion
of water is added. The mixture passes through a
tubular heater at 165°F. to a centrifuge, which re-
moves the heavier foots. The partially clarified lard
is run through a skimming tank and through a re-
circulating hot water wash system, from which
it goes through secondary ecentrifuges and finally
through a vacuum drier at 1 to 1.5-in. mereury pres-
sure, after which it is ready for processing into
shortening.

This eatalyst has the advantages that a short reaec-
tion time and a relatively low temperature can be
used with only a small expense for catalyst and with
little or no darkening of the color of the fat. Similar
results can be obtained with other sodium alkoxides
and with finely dispersed metallic sodium, sodium
potassium alloy (43), and sodium hydride. In every
case it is necessary to use a catalyst in such a form
that it may be dispersed rapidly and completely in
the fat. The actual catalytic material presumably
consists of anions of some sort formed in the fat by
the added alkaline material, whether it be sodium
methoxide, metallic sodium, or some other compara-
bly active alkaline material. In the ease of sodium
methoxide it ean be shown that a guantity of methyl
esters, approximately equivalent to the quantity of
added catalyst, is formed almost as soon as the cata-
lyst has been thoroughly dispersed in the fat. Many
other less active catalysts have been proposed for
which a considerably higher reaction temperature is
appropriate, but many of them cause the fat to
darken or have other disadvantages. A method which
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would seem to have practical possibilities but does
not appear to have had much use is to heat a fat with
a small quantity of glycerol or mono-glyceride and a
small quantity of alkaline material, such as sodium
hydroxide, sodium earbonate, or sodium soap, at tem-
peratures in the neighborhood of 225°C. (41,42). A
patent recently issued (44) discloses a new method
whereby a 50% aqueous solution of sodium hydrox-
ide can be used to form a catalyst in lard sufficiently
active to randomize the lard in less than 5 min. at
temperatures around 330°F. (165°C.). The alkali
solution is dispersed in the fat and instantly dried in
a two-stage vacuum drier with reheating between the
two stages of the drier. Under these conditions evi-
dently it is possible to form a catalytic anion in the
fat before the sodium hydroxide has been able to
saponify the fat and be converted completely to soap.

The application of directed interesterification to
lard on a commercial scale has been described re-
cently (14). Unrefined lard is preheated and vae-
uum-dried, then cooled to a temperature just above
its melting point by passage through a heat ex-
changer, whence it goes to a small continuous mixer
where a metered stream of liquid catalyst, sodium-
potassium alloy, is dispersed in it in small droplets,
10 to 40 microns in diameter. The lard-catalyst mix-
ture is chilled in a scraped-wall heat-exchanger to a
temperature low enough to induce erystallization of a
portion of the higher-melting glycerides of the mix-
ture. After a short period in a erystallizer, during
which the heat of crystallization raises the tempera-
ture of the mixture, it is pumped through a second
chiller and then passes through a series of four gently
agitated erystallizing tanks. The continuous agitation
keeps the lard in a flowing state even though a con-
siderable proportion of solid is formed. The product
comes from the erystallizers at a temperature between
90 and 100°F. the exact temperature depending
upon the desired proportion of fully saturated tri-
glyceride, and is mixed with carbon dioxide and wa-
ter in a continuous high-speed mixer to destroy the
catalyst. The mixture is then melted and freed from
soaps by conventional water-washing, centrifuging,
and vacuum-drying steps. The product may be par-
tially hydrogenated to improve stability. Shorten-
ings made in this way have the advantages of those
made -with randomized lard, and in addition they
have a better plastic range, that is, a wider range of
temperatures within which the shortening will re-
main neither too soft nor too hard for satisfactory
use. In effect, the ‘‘flakes’” ordinarily added to lard
to give a proper consistency are generated from the
lard itself, with a corresponding reduetion in the
quantity of intermediate-melting glycerides.

Both of the types of processing deseribed have
many other possible applications, and now that they
have been put into successful commercial use in one
applieation, it may be expected that others will fol-
low. The effect of interesterification of glyceride mix-
tures in a single phase differs in different cases, de-
pending upon the composition of the fat or mixture
to which it is applied. The melting point, for ex-
ample, may be raised or lowered, depending upon the
starting composition. If the fat at the start is a high-
melting mixture of ecompletely hydrogenated fat with
a larger proportion of oil, the effect of interesterifi-
cation will be to decrease the proportion of trisatu-
rated glycerides and to lower the melting point. Ap-
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plied to an oil like cottonseed oil which contains a
substantial proportion of solid fatty acids but hardly
any trisaturated glyceride, the process will raise the
melting point because it inecreases the proportion of
fully saturated glycerides. The compositions that can
be produced by this type of process from a given
starting-material lie within the range between the
starting material and its ‘‘randomized’’ composition.
Within this range it is quite possible that practical
advantages will be found for products not now being
made. ‘

The directed interesterification process increases
the number of possibilities for, depending upon how
it is applied, it may be used to inerease the propor-
tion of high-melting glycerides and to improve plas-

tic range, as in the case just described, or it may be-

operated in such a way as to increase the proportion
of intermediate-melting glycerides and thus change
some of the physical properties in an opposite diree-
tion. Together the various interesterification proe-
esses may be expected to continue to increase the
interchangeability of use of the various fats and oils
and to make possible the production of improved
produets. X
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Outline of Processes Used in the Drying of

Soaps and Detergents
JOHN C. INGRAM, Consultant, Chicago, lilinois

ECAUSE OF THE MAGNITUDE of the subject this
discussion will be confined to those processes in
which there is a significant reduction in the
moisture content of the produet. This will eliminate
from consideration the subjects of ‘‘skin drying’’ of
bar soaps and the so-called chemical drying in which
moisture is merely ‘‘fixed”’
as water of erystallization.
A classification of all
drying systems used by in-
dustry would include about
20 separate and fairly dis-
tinet methods and appara-
tus for the reduction of
moisture in a wide variety
of products. Only four of
these systems have attained
significant application in
soap and detergent process-
ing. With the approximate
dates of their commercial
applieation to soaps and
detergents, they are con-
veyor drying, about 1894 ;
spray drying, about 1920;
drum drying, about 1930;
flash drving, about 1937.

J. C. Ingram

In the soap and detergent industry the drying
processes perform an important function other than
the simple reduction of moisture, i.e., in many ecases
they are the final or finishing process and as such are
responsible for the physical form in whieh the prod-
ucts appear on the market. They have also a consid-
erable influence on such other important character-
istics as solubility and density. Over the long term
the industry has been working toward the develop-
ment of forms that make for improved solubility, and
these processes have made significant contributions
toward that end.

According to the latest available statistics, the
total production of soaps and detergents in this
country for the year 1955 approximated four billion
1bs., of which, two-and-three-quarter billion lbs. were
finished in the drying process. The above figures in-
dicate an industry drying capacity approaching ten
million 1bs. a day.

The story of the drying processes in our industry
is largely that of invention and development of spe-
cialized types of equipment as well as adaptation
and modification of existing machinery. In the dry-
ing field some of the most important developments
have come from within the industry. In a deserip-
tion of the four processes used for drying there will
be a brief deseription of the most modern equipment,



