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(260°C), the solubility of water  in f a t t y  acid is suffi- 
cient to provide all that  necessary for hydrolysis. 
Ext rac t ion  of the released glycerine is all tha t  is re- 
quired to permi t  the reaction to go to completion. By 
using a vert ical  tower (3, 6) to provide countercurrent  
flow, the problems of high pressure packing glands 
for agitators can be eliminated since no such agitators  
are required. This in tu rn  simplifies operation at the 
necessary 700-800 p.s.i. Although the catalyst  in- 
creases the reaction rate  as shown in F igure  1, there 

is less need for  a catalyst  at these temperatures ,  an4  
often it is omit ted to s implify the processing of the 
resul t ing acids. 

A flow sheet for  this process is shown in F igure  
4 (1). Wate r  and fa t  are fed countercurrent ly  to the 
tower. By  exchange of heat between the two streams 
and by  the direct injection of high pressure steam, 
the process is mainta ined at 480°-520°F. A hold-up of 
about 11/2 to 21~ hours for  the fa t  is common, and a 
resul t ing 96-99% split  is readily obtained with up to 
15% glyceril~e in the sweetwater. 

e) Hydrolysis with Enzymes. The use of enzymes 
for  the hydrolysis  of fats  while not commonly em- 
ployed is of value for  castor oil. Since the fermentat ion 
takes place at about  100°F, it yields light-colored acids 
without  dehydroxylat ion or interestcrifieation of the 
ricinoleic acid. I t  is an interest ing process if not gen- 
eral ly a t t ract ive economically. 

This general review of hydrolysis  methods has been 
directed p r imar i ly  toward the principles guiding the 
process design. The effect of the major  operat ing 
variable has been discussed as applied to both Twit- 
ehell and Autoclave methods. There was no discus- 
sion of the acidulat ion of refining loots as a source of 
f a t t y  acids. 
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Production of Fatty Acids. Separation Methods 
V. J. MUCKERHEIDE, Emery Industries Inc., Cincinnati, Ohio 

T I l E  disco-very and isolation of f a t ty  acids by 
Chevreul in the early pa r t  of the 19th century  is 
undoubtedly  the first record of the separat ion of 

f a t ty  acids. Since that  t ime m a n y  methods of separat-  
ing f a t t y  acids have been developed and used in the 
! .......... :::: laboratory.  A few of these 

methods, panning  and press- 
ing, solvent crystall ization 
and  f r a c t i o n a l  distillation 
have a c h i e v e d  commercial 
significance and quite na- 
tu ra l ly  are p r e s e n t e d  iu 
some detail. Reference to 
some laboratory  methods is 
made, especially those which 
m a y  appea r  to have commer- 
cial potentialities. Funda-  
mentally,  s e p a r a t i o n s  of 
f a t t y  acids may  be e]assified 
as follows: 

a )  T h e  s e p a r a t i o n  o f  so l id  
fatty acids from liquid fatty 
acids. For examp]e, the separa- 
tion of stearic and/or palmitie 

V. J. Muckerheide acids from oleic and linoleic 
acids. 

b) The separation of solid acids, as in the separation of 
stearic acid from palmitic acid. 

c) The separation of liquid acids. As an example, oleic from 
]inoleic acid. 

Most of the methods of separat ing f a t t y  acids are 
confined to one or two of these categories a l though a 

few might,  in certain instances, embrace all three. All 
methods of separa t ing f a t t y  acids are dependent on 
the variance of certain physical and chemical proper-  
ties of the f a t t y  acids or their  derivatives. Probably  
the most impor tan t  general propert ies  of f a t ty  acids 
which may  be utilized to effect their  separation are 
solidification point, melt ing point, vapor  pressure, 
boiling point, solubility characteristics, and chemical 
reactivity.  In  the panning  and pressing method of 
f a t t y  acid separation, solidification point and solu- 
bili ty characteristics arc the impor tan t  propert ies 
whereas, in f ract ional  distillation, vapor  pressure and 
boiling point are of pr ime consideration. In  solvent 
crystall ization methods solubility characteristics are 
the controlling factors. I t  may  be readily observed 
tha t  the utilization of one of these general propert ies 
in a separat ion method will normal ly  limit the method 
to one of the categories mentioned whereas a com- 
bination of these propert ies  may  permit  the method 
to embrace all three classifications. 

Panning and Pressing Method 
The oldest method used ill indus t ry  to separate 

f a t t y  acids is the " p a n n i n g  and  p re s s ing"  method. 
I t  is most successfully employed in the separation of 
f a t t y  acids derived f rom animal  fats  to produce "com-  
mercial  stearic a c i d "  and oleic acid. Efficient opera- 
t ion of this method depends on utilizing f a t ty  acids in 
which the solid acids are in the proper  ratio to form 
a crystalline s t ructure  so that  the liquid acids may  be 
easily expressed. In  "commerc ia l  stearie a c id"  this 
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Planning and pressing method 

ratio is approximately  4.5 parts of stearic acid to 5.5 
parts  of palmitie acid. The variation in this ratio in 
animal fats is sufficiently great so that  care in selection 
or blending is necessary in order to secure a crystal 
structure.  F a t t y  acid mixtures of a non-crystalline 
s t ructure  may be par t ia l ly  separated by the pressing 
method, but it is time-consuming and the efficiency 
of separation is very  poor. 

In  operation the fa t ty  acids are cascaded into alumi- 
num pans, about 12 by 21 in. and 21./4 in. deep, hold- 
ing about 15 lbs. each, allowed to solidify, and cooled 
slowly in mechanically refr igerated rooms to 36°F.- 
38°F. I t  is important  that  this cooling be done slowly 
to insure the formation of large and well-defined 
crystals of the solid acids. Rapid cooling results in 
small crystal formation and occlusion of liquid acids, 
thus greatly lowering the efficiency of separation. 
Normally this cooling period requires 6 to 8 hrs., a f ter  

which the solidified cakes are removed f rom the pans, 
wrapped in burlap or heavy cotton cloths, and stacked 
in a vertical hydraul ic  ram press. Metal sheet sepa- 
rators placed between each two layers of cakes serve 
to keep the press load in place and to conduct the 
expressed oleic acid to the outer port ion of the cake 
stack. The average capacity of the press is about 300 
cakes. Pressure is slowly applied ranging to a maxi- 
mum of 2,500 to 3,000 p.s.i., dur ing which the greater 
portion of the oleic acid is removed. This cold press- 
ing operation yields oleic acid of approximately 5°C. 
to 8°C. t i t re  (dependent  on the temperature  of the 
cake dur ing  the pressing operation) and cold press 
cake, which contains about 20% oleic acid. 

The cold press cake is melted and again allowed to 
solidify in aluminum pans at room temperature.  
These cakes are then placed in hair  mat slings placed 
between steam-heated plates in a horizontal ram press. 
Pressure and a small amount of heat are applied, 
which remove a greater  port ion of the liquid acids 
together with some solid acids as "hot press oi l ,"  and 
yield "double pressed stearic ac id ."  Similarly "dou- 
ble-pressed stearic ac id"  is converted to " t r ip le -  
pressed stearic ac id"  with the formation of additional 
" h o t  press oi l ."  The oleic content of "double-pressed 
stearic a c i d "  is between 5% and 8% while " t r ip le -  
pressed stearic ac id"  will range from 2% to 4% oleic 
acid content. The " h o t  press o i l"  is blended with the 
incoming fa t ty  acids to the process. In  consequence 
there is a constant recycling of f a t ty  acids, amounting 
to about 40% of the fa t ty  acids in process. The usual 
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acid boiling and bleaching operations are used for  
finishing of the solid acids obtained. 

Fractional Distillation 
The refining of f a t t y  acids by distillation is an old 

art, being used for more than a century to pur i fy  
various types of f a t t y  acids. The use of distillation 
methods to separate f a t ty  acids required an investi- 
gation of the physical properties of fa t ty  acids, espe- 
cially specific heats and vapor pressures. While small 
scale laboratory fractional distillation of f a t t y  acids 
involved only small quantities of f a t ty  acids, relatively 
short heating times and glass equipment, commercial 
installations used large amounts of fa t ty  acids, re- 
quired special means of heating to avoid high tem- 
peratures  for  long periods of time, and needed cor- 
rosion-resist, ant  materials of construction. I t  was 
probably the lat ter  requirement that  caused the most 
difficulty. With  the rapid advance made in the field 
of metallurgy, newer alloys became available which 
would successfully resist the corrosive action of f a t t y  
acids and, in consequence, commercial fractional dis- 
t i l lation became a reality. The ability to separate f a t t y  
acids by fractional  distillation is limited by the dif- 
ferences among the vapor pressures of the f a t ty  acids. 
Fract ional  distillation is most effective when used to 
separate f a t ty  acids of four to six carbon atoms differ- 
ence in chain length. Separat ion of saturated from 

• unsatura ted acids of equal carbon atom chain length 
is not possible. The efficiency of separation is con- 
trolled by the number  of plates or bubble cap t rays  
in the column and the reflux ratio. Theoretically 
it is possible to effect a complete separation of f a t t y  
acids having different boiling points. However a 
compromise in efficiency of separation must be made 
because eeonomie considerations, practical height of 
column, and number  of t rays ; and a reasonable reflux 
ratio must be taken into consideration in a commer- 
cial installation. 

Typical  of a continuous commercial f a t ty  acid frac- 
t ionating distillation process is the one introduced in 
this country  by Armour  and Company (1) with ac- 
tual plant design by Foster Wheeler Corporation (2). 
In  general, this process involves initial s tr ipping of 
the f a t ty  acids followed by fract ionation in a column 
fitted with a p lura l i ty  of bubble cap trays in whieh 
the f a t ty  acids are separated by vir tue of their differ- 
ence in boiling points. The residue is, or very  high 
boiling f a t ty  acids f rom this column are fed to a final 
s t r ipping tower where they are removed, leaving a 
final residue. 

In  operation, f a t t y  acids are fed to a pre-heater, 
heated by Dowtherm vapor, raised to about 400°F., 
and discharged to the first column, where, under  a 
reduced pressure of 35 ram. Hg. and live steam injec- 
tion, most of the very  low boiling odorous f a t ty  acids 
and low boiling nnsaponifiable fractions are removed. 
Bubble cap t rays  fitted in this first column permit  a 
degree of rectification. The f a t ty  acids, s tr ipped of 
low boiling fractions, are fed into the main fractionat- 
ing column. A four-stage air injector  with barometric 
inter-condensers maintains about 5 ram. Hg. pressure 
at  the top of this column. A Dowtherm-heated re- 
boiler in the base of the column provides the necessary 
~aeat for  vaporization of the f a t ty  acids. The over- 
head distillate f rom this column, comprising the low 
boiling fa t ty  acids and odor bodies, is condensed and 
combined with the distillate f rom the first column. 

Reflnx is re turned to the top of the column, and a 
liquid side-stream of fract ionated fa t ty  acids, con- 
st i tuting the first f a t t y  acid cut, is taken off near the 
top of the column. P u r i t y  of this first fa t ty  acid cut 
is dependent  on the design of the fract ionat ing col- 
umn, and to some extent on the reflux ratio and rate 
of feed. Normally a pur i ty  of 85% to 90% is obtained. 

The bottoms from the main column are pumped to 
a flash tower where the second cut of f a t t y  acids is 
removed by  simple vacuum-distillation. The residue 
from the flash tower is pumped to the initial column 
for  a final s t r ipping action. A bubble  cap t ray  lo- 
cated in the middle of this column prevents mixing of 
the residue with the initial feed stock. Automatic 
controls and instrmnentation are used th roughout  the 
process. Capacities range from 3,000 to 4,000 lbs. per 
hour of feed stock. Cottonseed fa t ty  acids, either as 
such or hydrogenated,  pahn oil f a t ty  acids, and coco- 
nut  oil f a t t y  acids constitute ideal feed stocks for this 
process. 

Solvent Crystallization 

t 
~ - - - - - - - - - - - - - ~  P,,~.u~^TER 

Solvent crystallization method (Emerso] process) 

The inherent  limitations of the panning and press- 
ing method and of the fractional distillation process 
prompted the investigation of other methods of sepa- 
ration of f a t ty  acids. Solubility characteristics of f a t ty  
acids in various solvents indicated possibilities in the 
field of solvent separation. Solvent methods involving 
selective action, in which the f a t t y  acids remain in a 
liquid state, give ra ther  poor separation efficiency 
because of the mutual  solubility characteristics of the 
f a t ty  acids. A s tudy of the solubilities of individual 
acids in various solvents was of little value because 
of the intersolubilizing effects which occurred in mix- 
tures. While it is well known that  a countercurrent  
system of solvent extraction may be employed to 
obtain a fa i r ly  efficient separation of f a t ty  acids by 
use of a large number of passes, the practical appli- 
cation is not economically feasible. The solvent crystal- 
lization method of separating f a t ty  acids in which one 
component acid of a f a t t y  acid mixture  is crystallized 
overcomes to a large extent  the effects of mutual  solu- 
bility. Solvent crystallization methods may be applied 
to almost any f a t ty  acid mixture, provided one of the 
component acids is capable of being removed in the 
solid state f rom a solution of the remaining fa t ty  acids. 
Thus saturated acids may  be separated by virtue of 
differences in solubility due to differences in carbon 
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atom chain length, or acids of same carbon atom ehain 
length may be separated on account of differences in 
solubility, caused by differences in degree of unsatura- 
tion. Probably the greatest efficiency of a solvent 
crystallization process is realized in the separation of 
saturated fa t ty  acids from unsaturated fa t ty  acids. 

The first continuous eommercial fa t ty  acid solvent 
separation proeess was the "Emerso l  Process"  (3) 
and is typical  of solvent crystallization methods. In- 
troduced and designed by Emery  Industr ies  Inc. (4), 
this process involves the controlled crystallization of 
f a t ty  acids front a polar solvent. The erystallized 
acids arc continuously renmved by filtration, yielding 
a filter cake and filtrate from which the solvent is 
removed to obtain the separated adds. 

In a typical  operation, involving the separation of 
"commercial  stearic a c id "  from oleie acid, f a t ty  acids 
derived from animal fats are continuously mixed with 
90% methanol and pumped to a mult i- tubular crystal- 
lizer. A crystal promoter may be added during this 
mixing operation. The crystallizer consists of a bank 
of jacketed stainless steel tubes fitted with slowly ro- 
tating scraper blades. Cooling of these tubes is accom- 
plished by circulating refr igerated methanol through 
the jackets. The fa t ty  acid-methanol solution enters 
the crystallizer at about 80°F., flowing eountercurrent  
to the incoming refr igerated methanol, and is cooled 
to about 14°F. During this cooling the solid acids 
crystallize from the solution, the scraper blades pro- 
mote the proper  rate of heat t ransfer  to insure the 
formation of filterable f a t ty  acid erystals.  Leaving 
the crystallizer, the s lurry or crystallized mass flows 
to an enclosed ro ta ry  vacuum filter, where the solid 
acids are removed and washed with fresh methanol, 
while the liquid acids remain in the filtrate. The 
solid filter cake containing about 65% solvent is dis- 
charged to a steam-jacketed trough, where it is melted 
and then pumped to the solvent removal still. The 
filtrate is passed through a heat exehanger in counter- 

.current  flow to methanol, where approximately 65% 
of the total refr igerat ion is recovered. The filtrate 
then flows through a pre-heater and thence to the 
solvent recovery stills. The design of the solvent re- 
covery stills (5) is unique in that the bulk of the sol- 
vent is recovered from the fa t ty  acids in a calandria at 
a relatively low temperature  and at atmospheric pres- 
sure. The remaining solution of f a t ty  acids passes 
down a column fitted with bubble cap trays, where 
fract ionation of the methanol is accomplished by steam 
rising f rom the reboiler at the base of the column. In 
this manner  the concentration of methanol is reduced 
as the temperature  rises, and as a result  a mixture of 
fa t ty  acid and very dilute methanol enters the re- 
boiler. A settling zone is provided in the reboiler ; the 
fa t ty  acids are removed continuously, and the water 
is reboiled to provide s tr ipping steam. 

Refr igerat ion is supplied by a two-stage ammonia 
compressor driven by a steam turbine; which is 
equipped with a variable speed-control device. This 
permits a variation in refr igerat ion,  which effects a 
control over the temperature  to which the solution of 
fa t ty  acids and solvent is cooled. Exhaust  steam from 
the turbine is used to heat the calandrias of the sol- 
vent recovery stills. 

In  normal operation commercial stearie of 5.0 to 6.0 
iodine value and oleic acid of 2°C. to 5°C. t i t re  are 
obtained. The process is equipped with full  and com- 
pletely automatic controls and instrumentation. Con- 

struction throughout  is of stainless steel. Capacities 
range from 2,000 lbs. per hour to 5,000 lbs. per hour. 
Separat ion of f a t ty  acids f rom many types of fats and 
oils may be accomplished by variation in processing 
conditions. 

Other Methods 

In a general discussion of production processes of 
separating f a t ty  acids, reference should be made to 
certain methods which at present are not of commer- 
eial signifieanee but may ha~,e fu ture  potentialities. 
Excluding well-known classical laboratory methods of 
f a t t y  acid separation, such as the Twitehell lead soap 
method, two recently developed methods, urea com- 
plex formation (6, 7) and liquid thermal diffusion 
(8) may be mentioned. Methods of separating fa t ty  
acids involving chemical modification or compound 
fo rma t ion - - fo r  example, the separation of the methyI 
(9) esters of f a t t y  acids, the fractional precipitation 
of solid glyeerides formed by directed interesterifica- 
tion of mixed glycerides (10), and the separation of 
f a t ty  acids by  preferent ia l  neutralization ( 1 1 ) - - m a y  
also be mentioned in passing. 

Separation of a mixture  of .fatty acids by the urea 
complex method involves the intimate contacting of 
a solvent solution of the fa t ty  acids with a saturated 
aqueous solution of urea under  conditions which cause 
an adduct  formation of one of the fa t ty  adds,  which 
precipitates and is removed by fi~ration. The adduct  
~s decomposed by  addition of water and heating, and 
the fa t ty  acid is recovered. The urea adducts formed 
have varying degrees of stabiIity, which is dependent  
on the carbon atom chain length and the configuration 
of the molecule. I t  is postulated that the urea mole- 
cules form interpenetra t ing spirals about the fa t ty  
acid molecule and the amount  of hydrogen bonding 
and the degree of van der Waals '  forces between the 
urea and the f a t ty  acid molecule account for  the 
degree of stability. Separat ion of saturated fa t ty  
acids from unsatura ted  fa t ty  acids as well as sepa- 
rat ion of unsa tura ted  fa t ty  acids having different 
degrees of unsaturat ion by the urea complex method 
have been reported (12). Urea adduct formation of 
f a t ty  acids is normally carried out at room tempera- 
ture, which may be considered an advantage;  how- 
ever the low concentration of fa t ty  acids in the sol- 
vent  ( 8 %  to 10%) and the large amount of urea  re- 
quired (a weight ratio of about 3 to 1) constitute a 
disadvantage since considerable bulky material  must 
be processed and reclaimed per pound of f a t ty  acids 
separated. Eftlciencies of separation are reported to 
be about equal to those obtained by solvent crystalliza- 
tion methods. 

The application of liquid thermal  diffusion to f a t t y  
adds,  specifically tail oil (8), has indicated promise 
as a means of separating fa t ty  acids. The apparatus  
used in the liquid thermal diffusion method consists 
essentially of two concentric tubes of suitable length 
having a one millimeter annular  space. This space is 
filled ~ i th  fa t ty  acids, the outer tube is heated either 
by  a s~eam or electricM jacket, and the inner tube is 
cooled with water. These conditions result in a tem- 
perature  gradient  across the liquid ranging front 
40°C. to 80°C. This temperature  gradient induces 
the diffusion of certain molecules f rom the hot wall 
to the cold wall of the tubes. Convective flow due to 
density differences produced by the temperature  dif- 
ferential  eauses the diffused molecules to flow upward  
or downward and thus effect a separation. The theo- 
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retical principles of liquid thermal  diffusion have not 
been ful ly  developed. Factors  which affect the degree 
of separat ion in the thermal  diffusion process are 
un i fo rmi ty  of size of the annula r  space, t empera ture  
differential, and time required for diffusion. I t  ap- 
pears that  this method may  be adapted  for continuous 
operation. 
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Ester Reactions of Fatty Materials 
MARVIN W. FORMO, Archer-Daniels-Midland Company, Minneapolis, Minnesota 

R E A C T I O N S  involving ester linkages of fa ts  and 
oils are among the most impor tant  in the chemis- 
t ry  of f a t t y  acid derivatives. Hydrolysis  of esters 

under  alkaline conditions, the famil iar  saponification 
of fats and oils, has been pract iced for  centuries. This 

pape r  will cover the non- 
hydrolyt ic  ester reactions:  
esterification, a lcoholys is ,  
acidolysis, and interesteri- 
fication. These reactions are 
of fa r  more recent origin 
and have been recognized 
for  approximate ly  one cen- 
tury.  t towever  it has only 
been within the past  few 
d e c a d e s  t h a t  t h e y  have  
a s s u m e d  t e c h n i c a l  impor- 
tance. Alkyd resins, rub- 
b e r - l i k e ,  polyesters . ,  im- 
proved lard for shortening, 
and nonionic surface active 
agents, to improve shorten- 
ing  efficiency a n d  so f t en  
bread,  represent  only a few 
of the products  dependent 

M. W. Formo upon these ester reactions. 

General Scope and Chemistry of 
the Ester Reactions 

There are four  closely allied reversible reactions 
involving addition or interchange of alkyl radicals on 
the earboxyl residue of f a t t y  acids. These reactions, 
which have much in common, are as follows : 

1. Esterifieation is the condensation ~f an acid and 
an alcohol to give an ester and water ;  the reverse 
reaction is hydrolysis.  

RCOOH @ R ' O H  , ' RCOOR'  @ I I O H  

2. Alcoholysis involves the replacement  of the alkyl 
group of an ester by  another  through interaction of 
the ester and an alcohol. The reaction is f requent ly  
described in terms of the added alcohol, e.g. methan- 
olysis, glycerolysis, etc. 

I~COOR' @ R " O H  ~ ~ RCOOR" -~- R ' O H  

3. Acido]ysis, in an analogous way, is the substi tu- 
tion or exchange of aeyl groups of esters through the 
reaction of an ester and an acid. 
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RCOOR'  -~- R " C O O H  ~ ' R"COOR'  -1- R C 0 0 H  

4. Interesterification, sometimes termed ester inter- 
change or trans-esterification, is the exchange of acyl 
and alkyl groups between a pa i r  of esters. 

RCOOR' q- R"COOR'"  ~ ' RCOOR'"  -~- R"COOR'  

There has been some confusion in the l i terature 
regarding the nomenclature of these related reactions. 
Some authors use fhe terminology, "trans-esterif ica- 
tion react ions,"  broadly  to describe a]coholysis, acid- 
olysis, and interesterification. Others use the te rm 
"interesterifieation reac t ions"  in a similar broad sense 
(German " U m e s t e r u n g " ) .  I t  is becoming more com- 
mon practice to use the term "trans-esterification" as 
a synonym for  interesterification or ester-interchange 
to describe the exchange of acy] and alky] groups 
between a pa i r  of esters. Such terminology will be 
adhered to in this discussion. 

The close relationship between esterification, aleo- 
holysis, and interesterification is i l lustrated by  com- 
parison of the equilibrium constants for homogeneous 
reaction. Normal ly  we do not have sufficient data to 
calculate all equi l ibr ima constants, bu t  theoretically 
the point of equil ibrium in both alcoholysis and inter- 
esterifieation reactions can be calculated f rom the sim- 
ple esterifieation constants. 

S tudy  of esterifieation and hydrolysis provided some 
of the earliest classical examples of reversible equilib- 
ria. A t  equil ibrium in a homogeneous reaction the 
,relationship between concentrations of reactants  and 
products  is represented by  the famil iar  esterifieation 
constant. 

Acid -[- Alcohol , ~ Ester  .4- Water  

[Ester]  X [Water]  
[Acid] X [Alcohol] ---~ K esterification 

Table I i l lustrates tile relationship of the esterifiea- 
tion equil ibrium constant to the aleoholysis and inter- 
esterifieation equilibria. Knowledge of esterification 
constants would permi t  calculation of the equilibria 
in both alcoholysis and interesterification reactions. 

Several reviews are available covering the ester 
reactions (1, 2, 3, 4, 5). 

Esterification Reactions 
There are four  p r ima ry  methods for  direct prep-  

ara t ion  of esters:  
1. reaction of an alcohol and an acid with elimina- 

tion of wate r ;  


