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T HE mechanism of the reaction by which fats and 
oils are hydrolyzed into fat ty acids and glycerol 
has intrigued investigators for many years. The 

hydrolysis of the monohydric alcohol esters in a single 
phase is a well known simple reaction compared to the 
complex hydrolysis of the trihydric alcohol esters, 
such as oils and fats in a system of two liquid phases. 
The published literature is quite extensive and re- 
flects the many efforts that have been made to explain 
the kinetics of hydrolysis of fats and oils either by 
the autoclave process, with and without catalysts, or 
the Twitehell process. 

Research on this subject in the past has been handi- 
capped by the lack of analytical methods which could 
be used to determine the amounts of fat ty acids, glyc- 
erol, mono-, di-, and triglyeerides in the presence of 
one another--all  of which are products of the reac- 
tion. Today, methods are available which make these 
analyses possible (1, 2). In this investigation, con- 
fined to a study of the changes in composition of the 
fatty phase during the Twitehell splitting of coconut 
oil, these new analytical methods were used. 

The course of the reaction was established by the 
analyses of a series of samples taker/ from a 15,000- 
pound batch of crude coconut oil during a normal, 
three-boil Twitchell splitting operation. In all 45 
samples were taken, from which 14 were selected for 
complete analyses. An abstract of the operating log 
is given in Table I, which also indicates when the 
samples analyzed were taken. 

All samples were immediately centrifuged to sep- 
arate the fat ty from the aqueous phase, clear portions 
of the fat ty phase being set aside for analyses. The 
first of these 14 sanlples had a moisture content of 
0.1% and unsaponifiable matter of 0.5%. These re- 
sults were then applied to the remaining 13 samples 
in calculating the complete composition of the fat ty 
phase in order to reduce the amount of analytical 
work inasmuch as the possible error resulting from 
this procedure was regarded as being beyond  the 
limits of accuracy of the other analytical methods 
used. 

From the saponification value the mean molecular 
weigat of the coconut fat ty acids was found to be 
207.71, from which the theoretical mean molecular 
weight, the combined glycerol, and the total fatty- 
acid content of the corresponding mono-, di-, and 
triglycerides were calculated. 

M e a n  P e r  Cent 
M o l e c u l a r  P e r  C e n t  T o t a l  Fatty 

W e i g h t  G l y c e r o l  Acids 

M o n o g ] y c e r i d e s  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2 8 1 . 7 9  3 2 . 6 8  7 3 . 7 1  
D i ~ T l yce r ide s  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  4 7 1 . 4 8  1 9 . 5 3  8 8 . 1 1  
T r i g l y c e r i d e s  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  6 6 1 . 1 8  1 3 . 9 3  9 4 . 2 5  

The centrifuged samples were found to contain 
so:me free glycerol in solution in amounts up to a 
maximum of 0.5%. Since the monoglyceride deter- 
m!nations were made according to the procedure of 
H~ndschumaker and L i n t e r i s  (1), the calculations 
avtomatical!y include any free glycerol present as 
though it were monoglyceride s. Hence monoglyceride 

T A B L E  I 

Twitchell Splitting of Coconut Oil--Operating Log 

E l a p s e d  S a m p l e  
T i m e  Taken 
Hours No. 

First B o i l  

Coconut oil c h a r g e d - - 1 5 , 0 0 0  lb .  S a p .  V a l u e  ---- 
2 5 4 . 3 ,  Acid Value = 1 7 . 7  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0 . 0 0  

S t e a m  o n  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2 5  "'i* 
Coconut oil boiling . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  5 0  . . . .  
Water charged- -40% on fat basis . . . . . . . . . . . . . . . . . . . . . . . . . . .  2 . 0 0  . . . .  
3 0 %  sulfuric acid charged--q).5% on fat basis as 

1 0 0 %  sulfuric acid . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2 . 5 0  . . . .  
Splitting agent charged- -0 .7% on fat b a s i s ,  A c t o  

500, Atlantic Refining Co . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2 . 5 8  10  
First boil began . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2 . 6 7  

2 . 8 3  13  
3 . 2 5  17  
3 . 9 1  2 0  
4 . 7 5  2 2  
6 . 7 5  2 4  
8 . 7 5  2 6  

1 0 . 7 5  2 8  
1 3 . 7 5  3 1  

Steam off--f irst  boil ended after 15.78 hours 
boiling . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 7 . 7 5  3 5  

Sweetwater drawn off . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2 0 . 7 5  . . . .  

Second Boil 
Steam on . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2 0 . 7 5  . . . .  
Fatty acids boiling . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2 1 . 5 8  . . . .  
Water charged- -25% on original fat  basis . . . . . . . . . . . . . . .  2 2 . 5 0  . . . .  
3 0 ~  sulfuric acid charged- -0 .25% on original 

fat basis as 100% sulfuric acid . . . . . . . . . . . . . . . . . . . . . . . . . . .  2 2 . 5 8  . . . .  
Second boil began . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2 2 . 5 8  

2 3 . 5 8  3 7  
S t e a m  off - -second boil ended a f t e r  5 hours 

boiling 2 7 . 5 8  4 1  
Sweetwater drawn off . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  3 0 . 1 7  . . . .  

Third B o i l  

S t e a m  o n  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  3 0 . 1 7  . . . .  
Fatty acids boiling . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  3 0 . 4 2  . . . .  
Water charged- -25% on original fat basis . . . . . . . . . . . . .  3 0 . 5 0  . . . .  
3 9 %  sulfuric acid charged- -0 .25% on original 

fat  basis as 100% sulfuric acid . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  3 0 . 7 5  . . . .  
T h i r d  b o i l  b e g a n  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  3 0 . 8 3  . . . .  
Steam off--third boil ended after 6 hours 

boiling . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ~. . . . .  3 6 . 8 3  4 5  
Sweetwater drawn off . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  3 9 . 4 2  . . . .  
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determinat ions  were made both on the cent r i fuged 
samples and on the same samples washed with a satu- 
ra ted  solution of sodium sulphate  to remove any 
free glycerol. The amount  of glycerol  so removed 
was calculated from the difference in the two mono- 
glyceride determinat ions  as follows: 

If m~ = m o n o g l y e e r i d e  d e t e r m i n a t i o n  on the  u n w a s h e d  s a m -  
p l e  in p e r  c e n t  

m s  = m o n o g l y c e r i d e  d e t e r m i n a t i o n  o n  t h e  w a s h e d  s a m p l e  

i n  p e r  c e n t  

g - -  f r e e  g l y c e r o l  i n  the  u n w a s h e d  s a m p l e  i n  p e r  c e n t  

m w ~  = m o l e c u l a r  w e i g h t  o f  g l y c e r o l  
m m w . ~  = m e a n  m o l e c u l a r  w e i g h t  o f  m o n o g l y c e r i d e s  

then 
r o w 1  

g = ( 1 0 0 )  - -  - ~  ( 1 0 0  - -  g )  X m m w _ ~  

2 

9 2 . 0 9  

= 1 - -  ms + - ~  X 

2 

= ( m l - - .  m ,  " 100]m2g'~ + - - /  • 0.16a4 
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The total combined glycerol in the samples was 
determined by a modification of the analytical pro- 
cedure by Troy and Bell (2) in which the oxidant 
was a mixture of periodic acid and 80% acetic acid 
instead of a mixture of periodic acid and sulphuric 
acids. The free fat ty acid content was calculated 
from the acid value and the mean molecular weight 
of the fat ty acids. The di- and triglycerides were 
determined by calculations based on two algebraic 
equations, one of these being a total glycerol balance 
of all glycerol containing components, the other rep- 
resenting a material balance of all components. 

Since all these analyses were made on the washed 
samples, the results were recalculated to adjust for 
the free glycerol present so that they would all be 
on the basis of the  unwashed centrifuged samples. 
The final results are "ghown in the upper section of 
Table II. The a c c o m p a n y i n g  chart is a graphic 
representation of the same results plotted against 
time as abcissae, thus correlating the data with re- 
spect to both the operating log in Table I and the 
time at which samples were taken. 

Curve A shows the free fatty acid content of the 
various samples. The rate at which fatty acids were 
liberated increased rapidly during the first 3.25' 
hours, gradually decreasing after another 1.50 hours 
until the end of the first boil. During the beginning 
of the second boil the rate increased again, as would 
be expected, due to the water change, followed by 
another decrease in rate. The third boil reflected 
similar changes but with somewhat less activity. 

Curve C shows the corresponding changes in the 
triglyceride content, the decomposition rate increas- 
ing rapidly during the first 3.25 hours, gradually 
decreasing after another 1.50 hours to the end of the 
first boil, following more or less an inverted pattern 
of Curve A. During the second and third boils, how- 
ever, the rate of decomposition did not reflect sudden 
changes as shown on Curve A, merely decreasing 
steadily to the end of the reaction. The reaction 
pattern shown by curves A and C is well known and 
quite normal. 

Curve E represents the total free and combined 
glycerol in the fat ty phase. From the analytical 
data given in Table II  the amount of free glycerol in 
the fatty phase is relatively small, varying only from 
0.01% in sample 1 to a maximum of 0.52% in sample 
24 taken after 6.75 hours, decreasing thereafter to 
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0.10% in the last sample taken at the end of the 
reaction. These small amounts are not significant to 
curve E, which, for all practical purposes, represents 
the changes taking place in the conlbined glycerol 
content of the fatty phase during the reaction. It  
will be observed that there is no change in the com- 
bined glycerol content in samples 1, 10, and 13 for 
the first 2.83 hours and that thereafter the amount 
of combined glycerol falls at a decreasing rate to the 
end of the reaction. The fact that the combined 
glycerol did not change during this early period 
might be interpreted by itself as indicating that 
hydrolysis had not yet taken place. However, when 
considered along with the increase in free fat ty acid 
content and the decrease in triglyeerides, it is evident 
that hydrolysis had set in at a considerable rate but 
only with respect to the decomposition of triglyeer- 
ides into di- and monoglyeerides and fatty acids with- 
out liberating any glycerol. 

This is shown by both curves F and D, which rep- 
resent respectively the mono- and diglycerides pres- 
ent. It  will be seen that the original diglyeeride 
content increased sharply from 7.6 to a maximum of 
19.5% in the short time of 3.9 hours, falling off at a 
gradually declining rate to the end of the first boil 
after 17.75 hours to 7.08%. After changing the water, 

T A B I , E  I I  

T w i t e h e l l  S p l i t t i n g  of  C o c o n u t  O i l - - C h a r a c t e r i s t i c s  o f  t he  F a t t y  P h a s e  

S a m p l e  No .  

�9 1 1 0  13  17  2 0  2 2  2~  2 6  2 8  31  35  3 7  41  4 5  

C o m p o s i t i o n  
F r e e  f a t t y  a c i d s  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
F r e e  g l y c e r i n e  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
M o n o g l y c e r j d e s  . . . . . . . . . .  : . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
D i g l y c e r i d e s  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
T r i g l y c e r i d e s  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
U n s a p o n i f i a b l e  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
M o i s t u r e  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

T o t a l  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  i . . . . . . . . . . .  

T o t a l  f r e e  a n d  c o m b i n e d  g l y c e r i n e  i n  
f a t t y  p h a s e - - %  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

C a l c u l a t e d  w e i g h t  o f  f a t t y  p h a s e  p e r  
1 0 0  lb .  c o c o n u t  o i l - - l b  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

C a l c u l a t e d  w e i g h t  of  g l y c e r i n e  i n  f a t t y  
p h a s e  p e r  1 0 0  lb .  c o c o n u t  o i l - - l b  . . . . . . . . . . . . . . .  

C a l e u l a I e d  w e i g h t  o f  g l y c e r i n e  l i b e r a t e d  
t o  w a t e r  p h a s e  p e r  1 0 0  lb .  c o c o n u t  
o i l - - l b  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

G l y c e r i n e  l i b e r a t e d  to  w a t e r  p b a s e  p e r  
1 0 0  lb .  c o c o n u t  o i l - - %  of  t o t a l  . . . . . . . . . . . . . . . . . . .  

7 . 1 1  1 5 . 0 9  1 6 . 9 4  2 1 . 6 2  
�9 0 1  . 0 8  .11 . 20  
�9 5 8  2 . 2 2  3 . 0 0  4 . 5 5  

7 . 6 0  1 7 . 5 1  1 9 . 1 4  1 9 . 3 5  
8 4 . 1 0  6 4 . 5 0  6 0 . 2 1  5 3 . 6 8  

" . 5 0  . 5 0  . 5 0  . 50  
. 1 0  . 1 0  . 1 0  . 1 0  

1 0 0 . 0 0  1 0 0 . 0 0  1 0 0 . 0 0  1 0 0 . 0 0  

1 3 . 3 9  1 3 . 2 1  1 3 . 2 1  1 2 . 9 4  

1 0 0 . 0 0  1 0 0 . 5 9  1 0 0 . 7 9  1 0 0 . 9 5  

1 3 . 3 9  1 3 . 2 9  1 3 . 3 2  1 3 . 0 7  

0 . 0 0  0 . 1 0  0 . 0 7  0 . 3 2  

0 . 0 0  0 . 8 1  0 . 5 7  2 . 4 5  

P e r  c e n t  

2 8 . 4 8  3 6 . 4 7  4 9 . 7 6  5 8 . 6 1  6 4 . 4 2  7 0 . 6 9  7 5 . 0 8  8 1 . 9 0  8 6 . 2 2  9 2 . 2 0  
. 35  . 49  .52  .42 .45 .40  .39  . 22  .17  .10  

6 . 0 2  6 . 9 7  7 . 0 4  5 . 4 0  4 . 1 1  3 . 7 2  2 . 9 9  2 . 0 7  1 . 3 5  . 80  
1 9 . 4 9  1 8 . 9 2  1 5 . 1 5  1 3 . 1 1  9 . 6 7  8 . 6 9  7 . 0 8  1 . 5 9  .22  . o0  
4 5 . 0 6  3 6 . 5 5  2 6 . 9 3  2 1 . 8 6  2 0 . 7 5  1 5 . 9 0  1 3 . 8 6  1 3 . 6 2  1 1 . 4 4  6 . 3 0  

. 50  . 50  . 50  . 50  . 50  . 50  .50  . 50  .50  .50  

. 1 0  . 1 0  . 1 0  . 10  . 1 0  .10  .10  .10  .10  . 10  

1 0 0 . 0 0  1 0 0 . 0 0  1 0 0 . 0 0  1 0 0 . 0 0  1 0 0 . 0 0  1 0 0 . 0 0  1 0 0 . 0 0  1 0 0 . 0 0  1 0 0 . 0 0  1 0 0 . 0 0  

1 2 . 4 1  1 1 . 5 5  9 . 5 4  7 . 7 9  6 . 5 8  5 . 5 3  4 . 6 8  3 . 1 2  2 . 2 4  1 . 2 4  

1 0 1 . 0 1  1 0 0 . 8 3  9 9 . 8 0  9 8 . 6 8  9 7 . 8 7  9 7 . 3 2  9 6 . 8 0  9 5 . 7 3  9 5 . 2 2  9 4 . 7 0  

1 2 . 5 4  1 1 . 6 5  9 . 5 2  7 . 6 9  6 . 4 4  5 . ~ 8  4 . 5 3  3 . 0 0  2 . 1 4  1 . 1 7  

0 . 8 5  1 . 7 4  2 . 8 7  5 . 7 8  6 . 9 5  8 .01  8 . 8 6  1(~.39 1 1 . 2 5  1 2 . 2 2  

6 . 4 1  1 3 . 0 2  2 8 . 9 4  4 2 . 6 2  5 1 . 9 4  5 9 . 8 1  6 6 . 1 7  7 7 . 6 8  8 4 . 0 6  91126  
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the diglycerides fell sharply during the second boil 
within an hour to 1.59%, disappearing completely in 
the third boil. 

The behavior of the monoglycerides was somewhat 
different. With only 0.58% originally present,  the 
monoglyceride content increased during the early 
stages at a slower rate than the diglyeerides, with a 
much more rapid increase beginning after the di- 
glycerides reached a maximum. The monoglycerides 
reached their maximum of 7.04% after 6.75 hours, 
after which the amounts present gradually decreased 
to 0.8% in the last sample. 

These results appear to confirm the theories of the 
earlier investigators that the reaction proceeds step- 
wise from the triglyceride to the diglyceride with the 
liberation of one tool of fat ty acid, then from the 
diglyceride to the monoglyceride with the liberation 
of a second tool of fat ty acid, and finally from the 
monoglyceride with the simultaneous liberation of the 
third tool of fat ty acid and one tool of glycerol. It 
seems that in the early stages of hydrolysis only the 
the first two of these reactions occur, after which all 
three reactions take place simultaneously. From the 
results it is not possible to calculate the various rates 
of reaction because of the simultaneous formation 
and decomposition of both mono- and diglycerides. 
The results do show, however, that the three reaction 
rates vary with respect to one another due to the 
continuously changing equilibrium conditions effected 
by the changes in composition of both fatty and aque- 
ous phases. 

In the lower section of Table II  some further cal- 
culated results are given. The first of these shows the 
theoretical weight of the fatty phase per 100 pounds 
of original coconut oil calculated on the basis of an 
invariant total fatty-acid content throughout. The 
corresponding weights of total free and combined 
glycerol present in the fat ty phase per 100 pounds of 
original coconut oil were then also calculated. From 
these figures it was then possible to determine for 
each stage during the hydrolysis the weight of glyc- 
erol which had been liberated to the aqueous phase 
per 100 pounds of original coconut oil. Recalculating 
these on a percentage basis of the original amount of 
glycerol present resulted in the figures shown on the 
last line of Table II, which, in turn, are shown graphi- 
cally in the chart as curve B. 

By comparing curve A and B it will be observed 
that the amount of glycerol spl i t  off to the water 
phase in general follows the amount of free fatty 
acids liberated, as would be expected, but with a 
considerable lag in the early stages of hydrolysis. 
During the balance of the first boil the rates parallel 
one another quite closely. In the second boil, the 
rate at which glycerol was liberated increased sub- 
stantially, much more so than the rate at which free 

fat ty acids were set free. The changes during the 
third boil are similar, but not so marked. 

Finally, the analysis of the last sample showed it 
to contain 92.2% free fatty acids, 0.10% free glycerol, 
0.8% monoglycerides, 6.30% triglycerides, with no 
diglycerides, 0.5% unsaponifiable, and 0.1% mois- 
ture. Based on the original amounts present, further 
calculations indicate that 92.7% of the total fat ty 
acids were liberated in the fatty phase and that 
91.3% of the total available glycerol was set free 
in the aqueous phase. 

In conclusion, it is pointed out that in the subse- 
quent distillation of such crude split fat ty acids, the 
presence of free glycerol, mono-, or diglycerides can 
result in reesterification of some of the free fat ty 
acids to triglycerides. For example, fat ty acids of 
the composition indicated could readily increase in 
triglyeeride content by about 40%, resulting in a 
substantial increase in distillation residues with a 
reduction in yield of distilled fatty acids. Thorough 
washing of the stock with water before distillation to 
remove any free glycerol will, in part, minimize this 
possibility. IIowever, the best solution to this prob- 
lem is to carry out the hydrolysis as far as possible 
beyond the point where either mono- or diglycerides 
are likely to be present followed by a thorough water 
wash. 

In the Twitchell hydrolysis of fats and oils this 
is not so readily accomplished because the various 
impurities occurring, particularly in the lower grade 
stocks, reduce the rate of reaction, necessitating pro- 
longed boiling, thus making the achievement of high 
splits much more diffficult. The removal of these im- 
purities, by pretreating the stock before Twitchelling, 
will greatly improve conditions and give better re- 
sults. Stocks like coconut oil, admittedly respond 
much easier to Twitchell splitting than the low grade 
tallows and greases, or some of the acid oils, such as 
cottonseed and soybean. 

The high pressure continuous fat splitting process 
has the advantage of overcoming these difficulties. 
This process Call hydrolyze any of the above-men- 
tioned stocks to 98% or more without any pretreat- 
ment. In this process the fatty phase is continuously 
washed with fresh water to remove any free glycerol, 
and the presence of mono- and diglycerides in the 
fatty acids produced is virtually eliminated because 
of the high degree of hydrolysis obtained (3, 4). 
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