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E 
S T E R I P I C A T I O N  A N D  INTERESTERIFICATION are not at 
all new as industr ial  processes applied to f a t ty  
mater ia ls ;  as unit  processes they have been a 

subject for  intensive scientific s tudy and practical  
invention for  more than  a century.  Yet  they continue 
to hold new interest for  those engaged in the f a t t y  oil 
industries and are being utilized apparen t ly  at  an ac- 
celerating rate. New proposals are being put  forward  
f requent ly  for  commercial applicat ions of these proc- 
esses; in view of the large tommge of fa t  now being 
processed by methods which had hard ly  been operated 
outside a research laboratory  ]0 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 nlake bet ter  and 
cheaper products  with the aid of these processes. 

We silall not a t t empt  in this br ief  discussion to 
describe esterification and interesterification in all 
their  variet ies and applicat ions;  it should be more 
instructive to concentrate upon some of the priueiples 
and relationships tha t  seem especially interesting, 
i l lustrated by  a few concrete examples of going proc- 
esses. Bu t  as a pre l iminary ,  it may be well to list: 
some of the fields in which the processes have been ,or 
may  be applied (Table I ) .  

T A B L E  I 

I n d u s t r i a l  App l i ca t ions  of Es te r i f i ca t iou  and  In t e r c s t e r i f i ca t i on  
( P a r t i a l  l is t  of ac tual  a n d  p roposed  ope ra t i ons )  

R e v i e w s  

D i r e c t  es ter i f ica t ion  of ac id  a n d  alcohol 
F a t t y  acids,  w i t h  monohydr i c  alcohols, to m a k e  

plas t ic izers ,  i n t e rmed ia t e s ,  es te rs  for 
f r ac t i ona t ion  in  ana lys i s  and  r e s e a r c h  

F a t t y  acids,  w i t h  po lyhydr ic  alcohols 
w i t h  glycerol,  to m a k e  monoglycer ides  
wi th  o ther  polyols, to m a k e  emuls i f iers ,  d r y i n g  

oils (4, 5, 6, 15)  and  o ther  p roduc t s  
Mix tu re s  of acids,  w i t h  po lyhydr ic  alcohol 

oil modif ied a lkyd  r e s i n s  (20 )  
tall oil es te rs  (21,  22 )  

Ros in  acids,  w i t h  po lyhydr ic  alcohols 
es te r  g u m  a n d  o the r  r e s in s  (16,  17)  

F a t t y  alcohols, w i t h  f a t t y  ac ids  or  o ther  ac ids  
Alcoholysis 

T r ig lyce r ides  a n d  m onohydr i c  alcohols 
methanol ,  to m a k e  methy l  e s te r s  a n d  glycerol  ( 7 ) 
o ther  alcohols 

T r ig lyce r ides  a n d  glycerol,  t o  m a k e  
monoglycer ides ,  for  use  in  ed ib le  p roduc t s  ( 1 8 )  
monoglyeer ides ,  as step in  m a n u f a c t u r e  of a lkyds  

( 1 9 )  
T r ig lyce r ides  and  o ther  polyols 

Es te r -es t e r  i n t e rchange ,  r eac t ion  in  s ingle  phase ,  
w i thou t  r em ova l  of a p r oduc t  d u r i n g  the  reac t ion  

E x c h a n g e  of r ad i ca l s  a m o n g  t r ig lyee r ides  of a n a t u r a l  
fat  

i m p r o v e d  s h o r t e n i n g  f r o m  l a r d  (8, 10, 11, 15)  
E x c h a n g e  a m o n g  t r ig lyce r ides  of f a t  m i x t u r e s  

Es t e r - e s t e r  i n t e r c h a n g e  in two-phase  sys tem,  w i t h  r eac t ion  
in f luenced  by  p r ec ip i t a t i on  or  r e m o v a l  of a p r o d u c t  
( "d i r ec ted  in te res te r i f i ca t ion"  ) 

E x c h a n g e  of r a d i c a l s  a m o n g  g lycer ides  of a n a t u r a l  
f a t ,  wi th  s i m u l t a n e o u s  c rys taUiza t ion  

i m p r o v e d  s h o r t e n i n g  f r o m  l a r d  ( 1 4 )  

1, 2, 23 

24 

23 

3 

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 f a t ty  materials, the usual considerations 
apply 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 conform reasonably well with the law of mass 
action when carried out in homogeneous systems, and 

T A B L E  I I  

Es te r i f i ca t ion  of E q u i v a l e n t  Quan t i t i e s  of 
Acid and  Alcohol s t  155°C. ( M e n s c h u t k i n )  

Alcohols wi th  acet ic  a c i d  
Methyl  ............................................ I 
E thyl  ............................................... I 
P ropy l  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Buty l  .............................................. 
Allyl ................................................ 
D imethy lca rb ino l  ........................... 
T r ime thy l ca rb ino l  ........................... 
Pheno l  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Acids  wi th  isobutyl  alcohol 
F o r m i c  ........................................... 
Acetic .............................................. 
P r o p i o n i c  ........................................ 
B u t y r i c  ........................................... 
I s o h u t y r i c  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Tr ime thy lace t i c  ............................... 
Pheny lace t i c  ................................... 
Benzoic  ........................................... 

% Conversion1 hr .  to E s t e r  

55.59 
46.95 
46.92 
46 .85  
35.72 
26.53 

1.43 
1.45 

61.69 
44.36 
41.18 
33.25 
29.03 

8.28 
48.82 

8.62 

L i m i t  

69,59 
66.57 
66.85 
67.30 
59.41 
60.52 

6.59 
8 .64 

64.23 
67.38 
68.70 
69.52 
69.51 
72.65 
73.87 
72.57 

E q u i l i b r i u m  
Constant ,  K 

5.24 
3.96 
4.07 
4 .24 
2.18 
2.35 
0 .0049 
0 .0089 

3.22 
4.27 
4.82 
5.20 
5.20 
7.06 
7.99 
7.00 

accordingly the rate and extent of reaction in any 
given case Call be influenced by the relative propor- 
tions of the reactants or by the withdrawal of a 
product  from the sphere of action while the reaction 
is going on. 

For  esterification reactions in general, Leyes (1) 
has shown graphically how the proport ion of alcohol 
to acid affects the yield of ester at equilibrimn when 
the reaction is carried out in a homogeneous system. 
When the reaction is one with a very favorable equi- 
l ibrium constant, K = 10, such as occurs for  example 
when para-toluic acid is csterified with a typical pri- 
mary  alcohol, a high degree of conversion is obtaiued 
without a large excess of alcohol; with one equivalent 
of alcohol, the conversion would be about 76%, and 
with two equivalents or more, the conversion at equi- 
librium is better t h ~  90%. At the other extreme, a 
reaction with a very  small K (0.0001), such as would 
apply for  the esterification of some ter t iary  alcohols 
with fa t ty  acids, the conversion at equilibrium would 
be only about 3%, even though 10 times the equivalent 
quant i ty  of alcohol were used. In  such a case, it would 
be impractical to carry out the esterifiea~ion without 
upsett ing the equilibrium by removing one of the 
products, or by using some indirect method. 

Different alcohols differ to a remarkable degree in 
their  reaction rates and in their  equilibriunl 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 alcohol. 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 arc shown in Table 
IL  Lauric  and palmitic acids produce the same molar 
proport ion of ester as do acetic and butyr ic  acids 
when brought to equilibrium with isopropyl alcohol 
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 esterifieation under  comparable con- 
ditions have been confirmed by numerous experi- 
ments made more recently than those summarized 
in Table II.  I n  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 tile reaction was as 
much as 7,000 times slower than that  of acetic acid, 
and a few extreme cases were folmd with a rate  too 
slow to measure (28, 29). A few of these data  are 
shown in Table I I I .  These differences in ra te  are 
a t t r ibutable  to steric effects, and it has been pointer] 
out tha t  the acids having  a large nmnber  of atoms in 
the 5 or 6 position, counting back f rom the oxygen 
of the earbonyl group as number  1, would have a 
great  deal of hindrance (28). Compar ing aromatic  
acids with aliphatie, benzoic acid esterifies much less 
rap id ly  than acetic acid. In view of this it is not 
surt)rising that  the ortho-substi tuted benzoic acids 
with subst i tuents  in both the 2 and 6 positions are 
so s t rongly hindered that  their  esters can hard ly  be 
made at  all by  the direct  esterifieation route. 

In  eomparisoll with the effect of branching of the 
chain near  the earboxyl group, differences in chain 
length of normal  f a t t y  acids have little effect on the 
esterification rate. I t  might  be supposed that  stearic 
acid, and other higher f a t t y  acids, would be less re- 
active than ace*it acid, but  actually, except for  for- 
mie acid, the different acids in the acetic acid series 
differ very  little f rom each other, either in acidi ty  or 
esterifieation rate. orovided that  the comparisons are 
made under  conditions which elinlinate solubility ef- 
fects. Unsa tura ted  f a t t y  acids are said to esterify 
somewhat more slowly than  the corresponding satu- 
rated acids (Table IV) ,  but  the difference is rela- 
t ively small when the nnsa tura t iou  occurs at some 
distance out on the chain f rom the earboxyl group, 
as it does in near ly  all of the na tura l  unsa tura ted  
f a t ty  acids. A double bond at the 2 position, as in 
acrylic acid or 2-octadecenoic acid, causes the reae- 
tion to be considerably slower. 

I n  pract ical  esterifieation of na tura l  f a t ty  acids 
and f a t t y  acid mixtures,  differences in ra te  among 
the different individual  acids are seldom noticed, b a t  
the same is not t rue for  mixtures  of f a t t y  acids with 
other types of acids. I n  the case of tall oil, for ex- 

TABLE III 

Acid-Catalyzed Esterification of Allphatic Acids 
(0.005 MolarHCI)  (28) 

k..,,oa k,,,o ClhL,COOH 
Acid X 10 a k.,,- RCOOH 

CI-LICOOH ................................................. 
C H , ~ C H o C O O H  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

CHoCH,:CH~COOtt .................................... 
Hi~her alkanoio 
(CH,,) eCHC00H ....................................... 
(CH,) ~CC00~ .......................................... 
(CH.,) aCCHoC00H ................................... 
(CIt,,) .~CCH ( C I-I,~ ) C 0 0 H  .......................... 
( CH,~)~CC ( CH~).eCOOH ............................ 

44.0 
40.0 
2~ .1 

14.7 
5,40 
0.814 

1 
1.19 
2.02 
2.02 a~e. 
3.00 

26.8 
42.7 

1616 
7765 

'~k in liters/mole/see. 

TABLE IV 
Velocity Constants fro" tl~e Esterifieation of Various Fatty Acids 

and Methyl Alcohol Catalyzed by Hydrochloric Acid a 

Acid k Acid k 

Forlnie 
Aeetic 
Propionic 
Butyric 
Valeric 
Caproie 
t teptanoic 
Caprylie 
Nonanoic 
Capric 

2568 
239 
211.7 
115.2 
12~.2 
118.7 
120.9 
125.8 
123.5 
119.3 

Laur ic  
l~yristic 
Palmitlc 
Stearic 
Undeeenoic 
Oleic 
Elaidic 
Erueie 
Brassidic 
Z~2,a-01eic 

521.9 
520.9 
514.4 
123.7 

53.0 
54.4 
54.4 
51.2 
51.8 

1.3 

a A. Skrabal, "Chemical Kinetics," in Internat ional  Critical Tables, 
vol. VI I ,  McGraw-Hill, New York, 1930, p. 138. 

ample, the rosin acids in the mixture  esterify so much 
more slowly than  the f a t t y  acids tha t  a considerable 
degree of selective esterification can be pract iced 
(21). The pract ical  esterification of higher f a t ty  
acids usnal ly is essentially very  simple, especially 
when the alcohol involved is relat ively nonvolatile, 
as is the case with glycerol, pentaerythr i to l ,  and 
other alcohols often used. In  these cases it is rela- 
t ively easy to remove the water  prodtmed by the reac- 
t ion without  complicated means for  prevent ing the 
loss of one of the reactants.  Fu r the rmore  the tem- 
pera ture  in most cases can be high enough to give a 
reasonable reaction rate  without  the use of catalyst,  
and it is s imoly necessary to provide sufficiently ~ood 
agitat ion to keep the reactants  well mixed, especially 
at the beginning when the system may  consi.~t of two 
phases differing considerably in density, and to t~ro- 
vide conditions which favor  the removal  of moisture 
as rap id ly  as it is formed in the reaction. For  this 
la t ter  purpose reduced Pressure or sl)ar~in~r with 
inert  gas or super-heated steam or combinations of 
these measures are effective. In this connection it 
may  be remarked tha t  steam oa~sing thron~'h hot oil 
in a vessel at reduced pressure is in a highly SUl)er- 
heated state and is an effective and econmuieal dry- 
ing-agent. 

Several publications have ~,_~iven data on the esteri- 
flcation of na tura l  f a t t y  acid mixtures,  such as pea- 
nut  f a t t y  acids with glycerol (27).  linseed f a t ty  acids 
with pentaerythr i to l  and other oolyo]s (25). Aonra-  
pr ia te  temoerat~,re~ for  such operations are in the 
range of about 190 ° to 240°C. 

Rosin acids reauire  higher temoera tures  because 
they have a much slower rate of e~terification, at- 
t r ibutable to steric effects of the kind that  ha~ been 
discussed. Comparison of tyt)ieal data  for  f a t ty  acids 
(27) with typical  data  for  rosin (16, 17) shaw that  
a t empera ture  at least 75°C. higher is reauired to 
make rosin ester ify at  a rate  comparable with tha t  of 
f a t t y  acid. 

In  soite of the basic sim~)lieity of the nneatalvzed 
esterification of f a t t y  acid with l~olyhvdric alcohols 
at high temperature ,  it is not easy to get a hb~h de- 
gree of comnleteness of reaction if the D-odu(~t is to 
have both a low content of free hydroxyl  am1 a low 
acid vable. The shade of the curve for acid vahle (or 
hydroxyl  value) vs. t ime is srmh tha t  a lon~, t ime may  
be re(mired to reach a desired de~ree af  eomDletenes~ 
of reaction unless an excess of one of the reaetants  
can be used and left  in the orod~mt or removed a f te r  
the eom~fletion of the esterifieation. 

The sim-t~le high tenmera ture  esterifloation with re- 
moval of water  by  distillation may  not be ap~lrooriate 
for some oneration~, as for examt)le, tho,~e involvin~ 
a volatile alcohol In  such ca~es other devices may  be 
r~sorted to for  forcin~ the reaction toward comT)le- 
lion, such as the u.~e of a catalytic reaction at lower 
temoeratures ,  reaction under  Dressnre. l]se of an ex- 
cess of alcohol followed by  removal o~ the excess f rom 
the product ,  and the use of some device far  removing 
one of the products  dur ing the course o f  tbe reaction. 
Fo r  some cases the removal  of water  by  azeotroDie 
distillation with benzene or xylene dur ing  the reac- 
t ion is very  effective. This device makes it !oos,~ible 
even to p repare  the esters of f a t t y  acids with varim~s 
phenols which ordinar i ly  were considered to be diffi- 
cult or impossible to ester ify by  direct reaction (305. 
Numerous patents  have described various methods 
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for forcing esterifications to completion; broad pat- 
ents in this field have expired (31). 

Alcoholysis. The preparat ion of esters by reaction 
of alcohol with ester instead of with acid, resulting 
in the formation of alcohol 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 alcoholysis makes it 
possible to use alkaline substances as catalysts. Alka- 
line catalysts are so remarkably effective that  temper- 
atures quite different f rom 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 ra te ;  in 
cases where temperatures above 100°C. are desirable 
for  some reason, the quant i ty  of alkaline catalyst re- 
quired to give a rapid reaction rate may be minute. 

The very rapid rate of alcoholysis tends to obscure 
the fact that  different alcohols and esters may react 
at considerably different rates in alkaline systems. 
The same is t rue 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- 
treme 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 t i t rat-  
ing it in alcoholic solution with aqueous sodium hy- 
droxide, using phenolphthalein as indicator;  the es- 
ter  starts to saponify before the alkalinity is strong 
enough to tu rn  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, ter t iary-  
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 alcohols and acids. 

TABLE V 

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

Ester  Ester  Rate 

Methyl acetate 
Ethyl acetate 
n-Butyl acetate 
iso-Butyl acetate 
sec.-Butyl acetate 
tert.-Butyl acetate 
Glycol monoacetate 
Monoacetin 
Vinyl acetate 
Allyl acetate 
1)henyl acetate 

R a t e  

155 
100 

77 
69 

266 
316 

9600 
179 

1250 

Ethyl formate 
Ethyl propionate 
Ethyl butyrate 
Ethyl caproate a 
Ethyl methoxyacetate 
Ethyl acetoacetate 
Ethyl pyruvate  
Ethyl oxalate 1st stage 
Ethyl oxalate 2nd stage 
Ethyl benzoate 
Benzyl acetate 

21,300 
90 
53 
52 

1,945 
436 

1.7 x 10 ~ 
5.8 x 106 

1,130 
26 

195 

a I n  alcohol-water. 

The effect of varying the alcohol group is shown by 
the variation in rate for different acetates. Esters of 
secondary and te r t ia ry  alcohols reacted noticeably 
more slowly than those of corresponding pr imary  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 alcoholysis and 
ester-ester interchange and that  the natura l  f a t ty  
glycerides are relatively responsive t o  the effect of 
alkaline catalyst in these reactions. Variations in the 

acyl end of the ester may cause extreme differences 
in ra te  of saponification, but  differences among the 
esters of normal fa t ty  acids from butyra te  upward  
are negligible. E thy l  butyrate  and ethyl laurate sa- 
ponify at the same rate in 85% alcohol (34). 

The variations in esterification rates of different 
acids and alcohols 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 a t t r ibuted to polari ty or polarizability of the 
molecules; it is believed that  substituent groups dif- 
fering in their  tendencies to a t t ract  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 unsaturat ion in the acyl group. At- 
tempts have been made recently to assign qnantita- 
tive values to the various effects at tr ibutable to 
molecular s t ructure and to reconcile apparent ly  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 Friede] a n d  Crafts (40). Since that  
time much work has been done on this reaction, in- 
eluding tests of many catalysts and numerous at. 
tempts to find useful applications of the reaction to 
fats and fa t ty  materials. Also it has been shown that  
interchange of radicals occurs as a par t  of what is 
happening in other processes, such as varnish cook- 
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 f a t ty  
or non-fat ty  esters of alcohols other than glycerol, 
and indeed to almost any sort of ester mixture in 
which fa t ty  esters are involved. The history of this 
work has been reviewed several times (9, 1.2, 23, 37, 
38). 

The most important  commercial application of the 
reaction to fats has been to improve lard for use in 
plastic shortenings. Current ly  two main types of the 
reaction are being practiced commercially, both ap- 
plied to the natural  tr iglyeeride mixtures existing in 
whole lard, and both utilizing highly active alkaline 
catalysts at moderately low temperatures.  The one 
type, which consists simply of interester ifying the 
melted lard until  an approximate equilibrium has 
been attained, has been referred  to as "randomizing" 
because it is believed that  it produces a tr iglyceride 
composition closely approximating that  which would 
be produced if the various fa t ty  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 completely 
hydrolyzed and re-esterified. The other type of proc- 
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 continuing in the 
liquid portion. This produces a different composition, 
comprising a larger proport ion of high-melting glyc- 
erides and a correspondingly larger proport ion 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 commercial products, 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 proport ion 
of " f l ake s "  (low I.V. hydrogenated cottonseed oil, 
lard, tallow, or other fa t ) ,  followed by the usual fin- 
ishing operations, the plasticized product  made from 
randomized lard has a bet ter  appearance because it 
has more and finer crystals, keeps its appearance bet- 
ter dur ing 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). Pract ical  methods for applying 
this process to lard may be typified by the method 
used by Armour  and Company, according to a pnb- 
lished description (39). Melted unrefined lard is 
mixed with filter aid in an agitated tank, pumped at 
a rate of 30,000 lbs. per hour through a plate filter 
into a 60,000-1b. holding tank, where it is held at 
175-180°F. F rom this tank the lard goes thro.ugh a 
continuous vacuum dryer  f rom which it is pumped 
to one of a pair  of 5,000-lb. closed reactor tanks 
equipped with steam coils and agitator. Sodium 
methoxide is added as catalyst, and the reaction is 
allowed to take place for a " f e w  minutes ."  The 
grade and quant i ty  of sodium methoxide is undis- 
closed, but  presumably the catalyst consisted of 
finely powdered dry  sodium methoxide in a quant i ty  
not more than about 0.2%. The product  f rom 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 loots. The part ia l ly  clarified lard 
is run  through a skimming tank and through a re- 
circulating hot water wash system, f rom which 
it goes through secondary centrifuges and finally 
through a vacuum drier  at I to 1.5-in. mercury  pres- 
sure, af ter  which it is ready for processing into 
shortening. 

This catalyst has the advantages that  a short reac- 
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 case of sodium 
methoxide it can be shown that  a quant i ty  of methyl  
~ters ,  approximately equivalent to the quant i ty  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  man), of them cause the fat  to 
darken or have other disadvantages. A method which 

would seem to have practical possibilities but  does 
not appear  to have had much use is to heat a fa t  with 
a small quant i ty  of glycerol or mono-glyceride and a 
small quant i ty  of alkaline material, such as sodium 
hydroxide, sodium carbonate, or sodium soap, a t  tem- 
peratures in the neighborhood of 225°C. (41, 42). A 
patent  recently issned (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 rain. at 
temperatures  around 330°F. (165°C.). The alkali 
solution is dispersed in the fat  and instant ly 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 fa t  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 ~,ac- 
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-wail heat-exchanger to a 
temperature  low enough to induce crystallization of a 
portion of the higher-melting glycerides of the mix- 
ture. Af ter  a short period in a crystallizer, 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 crystallizing tanks. The continuous agitation 
keeps the lard in a flowing state even though a con- 
siderable proport ion of solid is formed. The product  
comes from the crystallizers at a temperature  between 
90 and 100°F., the exact tempera ture  depending 
upon the desired proport ion of ful ly  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 f rom 
soaps by conventional water-washing, centrifuging, 
and vacuum-drying steps. The product  may be par- 
t ially hydrogenated to improve stability. Shorten- 
ings made in this way have the advantages of those 
made w i t h  randomized lard, and in addit ion 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 " f l akes"  ordinar i ly  added to lard 
to give a proper  consistency are generated from the 
lard itself, with a corresponding reduction in the 
quant i ty  of intermediate-melting glycerides. 

Both o f  the types of processing described have 
many other possible applications, and now that  they 
have been put  into successful commercial use in one 
application, it may be expected that  others wilI 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 
start ing composition. I f  the fat  at the start  is a high- 
melting mixture of completely hydrogenated fat  with 
a larger proport ion of oil, the effect of interesterifi- 
cation will be to decrease the proport ion of trisatu- 
rated glycerides and to lower the melting point. Ap- 



N o v .  ] 9 5 6  E C K E Y  : E S T E R I F I C A T I O N  AND I N T E R E S T E R I F I C A T I O N  5 7 9  

plied to an oil like cottonseed oil which contains a 
substantial proportion of solid fat ty acids but hardly 
any trisaturated glyceride, the process will raise the 
melting point because it increases 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 increase the propor- 
tion of high-melting glycerides and to improve plas- 
tic range, as in the case just described, or it may b e  
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 direc- 
tion. Together the various interesterification proc- 
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 
products. 
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Outline of Processes Used in the Drying of 
Soaps and Detergents 
JOHN C. INGRAM, Consultant, Chicago, Illinois 

E C A U S E  OF T H E  ~ I A G N I T U D E  of the subject this 
B discussion will be confined to those in processes 

which there is a significant reduction in the 
moisture content of the product. This will eliminate 
from consideration the subjects of "skin d ry ing"  of 
bar soaps and the so-called chemical drying in which 

moisture is merely " f ixed"  
as water of crystallization. 

A classif icat ion of all 
drying systems used by in- 
dustry would include about 
20 separate and fairly dis- 
tinct methods and appara- 
tus for  the reduct ion  of 
moisture in a wide variety 
of products. Only four of 
these systems have attained 
significant appl ica t ion  in 
soap and detergent process- 
ing. With the approximate 
dates of their commercial 
appl ica t ion  to soaps and 
detergents ,  they are con- 
veyor drying, about 1894; 
spray drying, about 1920; 

J. C. Ingrain drum drying, about 1930; 
flash drvinu, about 1937. 

In the soap and detergent industry the drying 
processes perform an important function other than 
the simple reduction of moisture, i.e., in many cases 
they are the final or finishing process and as such are 
responsible for the physical form in which 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 
lbs., 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 lbs. 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 descrip- 
tion of the four processes used for drying there will 
be a brief description of the most modern equipment, 


