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Modification of Vegetable Oils. VIII .  Conversion of Monoesters of 
Peanut Oil Fatty Acids to Triglycerides I 
AUDREY T. GROS and R. O. FEUGE, Southern Regional Research Laboratory,"- 
New Orleans 19, Louisiana 

R E L A T I V E L Y  few investigations have been made 
of the reactions involved in the conversion of 
nlonocsters to polyesters, pr incipal ly  because in 

the past this type of rea(:tion has been of little i)ra(:- 
tical importance.  However  increasing demand for 
special products  derived f rom fa t ty  acids imparts  a 
potential value to this conversion. Fa t t y  acids to be 
ineorI)orated in special 1)roducts' are obtained con- 
veniently in the form of monoesters and are prefer red  
to the free acids in purification and fract ionation 
processes. The tai lor-made fa t ty  products  into which 
the lllonoesters can be t ransfor ined are numerous and 
varied, including, for example,  the simple and nfixed 
tr iglyeerides of pure  f a t ty  acids. The techniques used 
in the nlanufacture  of t r iglycerides f rom monoesters 
('an be employed with little or no modification in the 
manufac ture  of alkyd resins and esters of pcntacryth-  
ritol and other po lyhydroxy  alcohols. 

The prepara t ion  of t r iglyeerides from monoesters 
can be a c c o m p l i s h e d  by  several different methods, 
some of which are pr incipal ly  ",'aluable in labora tory  
work. Indirect  methods include those in which thc 
monoesters are first converted to free acids, acid an- 
hydrides,  or acid chh)rides before being reacted with 

" ~Presented at the 40th Annual Meeting of the American Oil Chem- 
ists '  Society, New Orleans, La., ~Iay 10-12, 1949. 

=One of the laboratories of tile Bureau  of Agricultural and Indus-  
trial Chemistry, Agricultural  Research Administration, U. S. Depart- 
ment  of Agriculture.  

glycerol. Processes irlvolving only alcoholysis or ester- 
ester interchange can be considered as being direct 
methods and therefore more desirable from the stand- 
point of cost and simplicity. 

The present  investigation was undertaken to de- 
termine and compare the effectiveness of the various 
known catalysts for  the alcoholysis reaction and to 
establish the conditions most favorable for the pro- 
duetion of t r iglycerides by alcoholysis. Also certain 
aspe(.ts of the product ion of tr iglycerides by the ester- 
ester interchange were investigated. 

Materials, Equipment ,  and Methods of Analysis 
Materials. One lot each of nlethyl and ethyl esters 

of nlixed fa t ty  acids was used for all of the experi- 
ments. Both of these types of monoesters were pre- 
pared from the same refined and bleached peanut  
oil by alcoholizing the oil with reagent  grade alcohols 
to which some metallic sodimn had been added. The 
reaction mixture  was neutralized, and the resul tant  
crude products were washed with water, dried, and 
distilled below 0.5 him. pressure. The average nloleeu- 
lar weight of the methyl  esters was 293.6 and tha t  of 
the ethyl esters 308.8. The glycerol (U.S.P.  grade)  
and triacctin (reagent  grade)  were dehydrated be- 
fore use by  distilling trader vacuum. Reagent grade 
ehenlicals or prepara t ions  nlade f rom them were used 
as catalysts. With  the exception of zinc stearate all the 
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metallic stearates were prepared by either the fusion 
or precipitation method described by Elliott (4). 

Equipment. All reactions were carried out in the 
apparatus illustrated in Figure 1. The flask, D, which 
is the reaction flask proper, is an ordinary 3-neck, 
500-ml. capacity, round-bottom Pyrex flask, equipped 
with standard-taper, ground-glass joints. The flask 
was heated by the hemispherical mantle, E, provided 
with an electrical resistance winding operated through 
a variable transformer. This arrangement permitted 
raising the temperature of the reactants to the desired 
point in less than five minutes. The temperature of 
the reaction mixture was indicated by a calibrated 
partial imnlersion thermometer. The collapsible stain- 
less steel stirrer, B, was operated'at 400 r.p.m, through 
a stuffing' box in a stainless steel standard-taper plug. 
The reflux condenser, F, which was heated with hot 
water, removed any glycerol in the vapors leaving the 
reaction mixture and returned them to the reaction 
zone. Vapors issuing from the reflux condenser were 
collected in the dry ice trap, G. The sampling tube, 
C, which was constructed of 2 ram. capillary tubing, 
permitted withdrawal of a sample without interrupt- 
ing the reaction. The sample was transferred to flask, 
A, with the aid of a vacuum higher than that main- 
tained over the reacting mixture. 

The necessity for maintaining a constant reduced 
pressure in the reaction flask and at the same time 
protecting the contents from the air required the use 
of a pressure control system of special design. This 
pressure control system which was connected to the 
dry ice trap consisted of a rotary oil-sealed pump 
operated in conjunction with a sulfuric acid mano- 
stat and an electronically controlled gas leak of dry 
hydrogen or nitrogen. 

Methods of analysis. The reaction products obtained 
by alcoholysis as well as by ester-ester interchange 
were neutralized with dilute acetic acid, washed with 
distilled water, and dried before being analyzed. Glyc- 
erol was determined by a combination of two meth- 
ods; that is, a weighed portion of the reaction product 
was saponified according to the procedure of Smith 
and Matthews (9) ; and the aqueous portion was an: 

alyzed for free glycerol using a minor nlodification of 
the periodic acid oxidation method of Pohle, Mehlen- 
bacher, and Cook (8) for determining monoglycerides. 
The washed and dried products were analyzed for 
monoglyeeride content by a modification (6) of the 
method of Pohle, et al. Hydroxyl values were deter- 
mined by the acetic anhydride-pyridine method of 
West, IIoagland, and Curtis (10). Free fat ty acids 
were determined by the method prescribed by the 
American Oil Chemists' Society (1). 

Catalysts for Alcoholysis 
As menti.oned previously, very few data have been 

published concerning the conversion of monoesters of 
fat ty acids to triglycerides or Other polyesters by cata- 
lyzed alcoholysis. Probably the best data available 
are those of Wright, et al. (11) who showed that the 
nlethyl esters of linseed oil acids could be alcoholized 
reasonably well with pentaerythritol when lead naph- 
thenate was employed as catalyst at temperatures of 
the order of 225 ~ to 280~ No other catalysts for 
this reaction were mentioned by these workers, and, 
so far as could be ascertained, no evaluation and com- 
parison of catalysts for this sPecific type of alcoholysis 
have been reported. 

Chemically, the alcoholysis of monoesters with pol y- 
aleohols is analogous to the alcoholysis of polyesters 
with the polyhydric alcohols. In an investigation of 
the latter type of alcoholysis Burrell  (3) compared 
the catalytic activity of a number of catalysts for 
the reaction between soybean oil and pentaerythritol. 
He reported that barium, cadmium, calcium, cerium, 
lead, lithium, strontium, and zinc catalyzed the reac- 
tion when these metals were employed as naphthen- 
ates, stearates, or abietates. Burrell also found that 
under the stone conditions aluminum, bismuth, co- 
balt, chromium, copper, iron, magnesium, manganese, 
mercury, nickel, and thorium had no effect. Sodium 
methylate or ethylate appears to be the catalyst pre- 
ferred by other workers for the replacement of glye- 
eroI in fats with other polyhydrie aleohols. 

All the catalysts mentioned above, as well as some 
other generally r e c o g n i z e d  interesterifieation cata- 
lysts, are of course also suitable for the conversion of 
the monoesters of fat ty acids to triglycerides. How- 

T A B L E  I 

Ca ta ly t i c  E f fec t  of V a r i o u s  Compounds  in  the  Alcoholysis  of 
E q u i v a l e n t  Amoun t s  of 3/[ethyl E s t e r s  a n d  Glycerol  a 

Hydroxy l  
va lue  of 

Cata lys t  f a t t y  
por t ion  

None  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

c Sn (OH).~ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Cd ( C~H~O~)~- 2H,,O .. . . . . . . . . . . . . . . . . . . .  
Z n  (C~sHa~O..) ~ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
SnCI2"2H20 .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Mg  ( ClsI-t~O,_, ) 2 . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
S n C l z - 2 H 2 0 ~ - F F A  d . . . . . . . . . . . . . . . . . . . . .  

P b  (C~H,O~) ,~ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Cd (C1sH~O2) ~ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Ce (C~sHs~O,~) ~ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Ca(O/-I )~ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
P b  ( C~ sH~502 ) ,,, . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
K O H  .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
S r  ( C~sH~O~)~ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
N a O t t  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
B a  ( O H )  o~" 8H,_.0 . . . . . . . . . . . . . . . . . . . . . . . . . . .  
L i 0 H . H ~ O  .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
NaOC,,H~ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Ca ta lys t  Glycerol  
p e r  100  g. combined 

methyl  in  f a t t y  
esters ,  g. por t ion ,  b % 

........ 0:2 
0 . 3 0 5  1.8 
0 . 5 3 3  5.1 
1 . 2 6 4  8,6 
0 .451  10 .7  
1 .182  23 .1  
.. . . . . . .  31 .0  
0.651 39 .1  
1 . 3 5 8  59..2 
1 . 4 1 3  69 .8  
0 . 1 4 8  76 .5  
1 .548  81 .1  
0 . 1 1 2  ~3.9  
1 .301  85 .4  
0 . 0 8 0  86 .6  
0 . 6 3 1  87 ,1  
0 . 0 8 4  89 .4  
0.1.26 94.3  

63.1  
65 .6  
32.0  
24 .5  
,34.4 
37.2  
32 .0  
22 .0  
22 .0  
38,1  

a P~eactions conduc ted  for  2 hour s  a t  2 0 0 ~  a n d  50 ram. p r e s s u r e  
wi th  0 . 0 0 2  mole, of compound  pe r  100  g. of es te r ,  

b Ca l cu l a t ed  as p e r c e n t a g e  of f ree  g lycerol  o r i g i n a l l y  p re sen t .  
r V a n  Loan ' s  c a t a ly s t  p r e p a r e d  a c c o r d i n g  to the  method descr ibed  by 

Bailey ( 2 ) .  
a T w i c e  the a m o u n t  of f r ee  f a t ty  ac ids  f rom p e a n u t  oil r e q u i r e d  to 

combine  w i t h  the s t a n n o u s  chlor ide  w e r e  dissolved in  the methy l  es ter ,  
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T A B L E  II 

C o m p a r i s o n  of tho Act iv i ty  of the F o u r  M o s t  1%e,active 
A l e o h o l y s i s  C a t a l y s t s  a 

I C o m p l e t i o n  of  r e a e t i o n , b  % 
R e a c t i o n  t ime,  - - -  

( m i n u t e s )  B a ( O H ) 2  L i O H  N a  ' ' ~  ~'~ N a 0 H  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  3 . 8  

1 0 5  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  7 0 .  7 3 . 6  6 8 . 8  7 . 6  
:::::::::::::::::::::::::::::::::::::: o~:~ ~o:~ ~:~ ~ 6 0  0 

6 3 . 9  
1 6 5  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  I 7 0 . 0  / 7 1 . 8  I 7 0 , 0  / 6 3 . 1  

a E q u i v a l e n t  q u a n t i t i e s  of  m e t h y l  est .ers  a n d  g l y c e r o l  r e a c t e d  a t  1 .80~ 
a n d  2 0 0  r am;  p r e s s u r e ,  w i t h  0 . 0 0 2  m o l e  of c a t a l y s t  f o r  1 0 0  g. e s t e r s .  

b Caleu]a ,  t e d  a s  a p e r c e n t a g e  o f  t h e  m e t h y l  e s t e r s  c o n v e r t e d  to g lyc-  
e r i d e s .  

ever since the relative effectiveness of the various 
compounds has not heretofore been known, various 
potential catalysts were tested under identical con- 
ditions. In  each of t he  tests 100 g. of methyl esters, 
the equivalent amount of glycerol, and 0.002 mole of 
the catalyst were allowed to react under a pressure 
of 50 ram. for 2 hours at 200~ The pressure used 
was the lowest possible at the temperature (200~ 
e m p l o y e d .  At  200~ glycerol boils at a pressure 
slightly below 50 mm. The concentration of catalyst 
used was based on the results of prel iminary experi- 
ments and was not in excess of the maximum amount 
soluble under  the test conditions. Results of these 
tests are shown in Table I. 

I t  is rather  surprising that  practically no reaction 
occurred in the control run, in which no catalyst was 
used. Griin and co/workers (5) showed that ethyl 
stearate can be alcoholized with glycerol without the 
assistance of a catalyst and reported that  in some 
instances conversions of 94 to 96% were effected after 
reaction times of 15 hours. IIowever they used an 
excess of glycerol and heated and stirred the mix- 
ture at 270~ in an open flask under  atmospheric 
pressure. Their reaction products were analyzed by 
vacuum distillation. 

The data in Table I show that the activity of the 
catalyst is determined not only by the metallic por- 
tion of the compound but  also by its anionic, portion. 
The acetates of lead and eadminm were not nearly 
as reactive as the stearates of these metals, which 
were prepared in the laboratory from the acetates. 
Stannous chloride became more reactive when trans- 
formed to tin soaps by the addition of free fa t ty  
acids to the reaction mixture. 

Glycerol is relatively insoluble in methyl esters and 
at 200~ not more than a minor portion of the added 
glycerol, which amounted to 10.45 g. per 100 g. of 
esters, dissolved in the ester phase when no catalyst 
or one of the more unreaetive catalysts was used. 
Apparent ly  most catalysts dissolved first in the glyc- 
erol phase. In  any ease, the glycerol phase exhibited 
a tendency to discolor, and side reactions, if any, 
probably occurred in this medium. Van Loon's  cata- 
lyst (freshly prepared stannous hydroxide) gave evi- 
dence of being' insoluble in both the glycerol and 
ester phases. Insolubility in the ester phase may 
explain the relative inertness of some of the other 
catalysts and the difference in activity between the 
stearates and acetates of lead and cadmium. 

The relative reactivities of the catalysts in Table I 
should be regarded as being' close approximations. 
The reaction flask was part ial ly filled dur ing these 
tests and in some instances small amounts of free 
glycerol condensed on the cool walls of the flask above 
the reaction zone. A second series of tests was made 

to compare more precisely the four  best catalysts. In  
the latter series the reaction temperature was lower 
and the pressure over the reactants was higher than 
in the first series, and the reaction flask was prac- 
tically full at the beginning of each run. Conse- 
quently the differences in reaction rates were more 
marked, and there was practically no tendency for 
the glycerol to leave the reaction zone. The results 
obtained in the second series of tests are given in 
Table II .  

The data in Table I I  show that barimn hydroxide 
is the most active and lithium hydroxide the next most 
reactive catalyst on a mole basis. IIowever from a 
practical point of view comparison of e q u i v a l e ~ t  
amounts of eatalyst is nlore significant because one 
mole of barium hydroxide reacts with and removes 
two moles of fa t ty  acids from the ester mixture while 
a mole of lithium hydroxide removes only one mole 
of fa t ty  acids. When equivalent quantities of barimu 
and lithium hydroxide were compared at a reaction 
temperature of 160~ lithium hydroxide was found 
to be decidedly more active. 

Effect of Conditions on the Course of Alcoholysis 
Several series of interesterifications were made with 

the methyl esters and equivalent amounts of glycerol 
to deter'mine the effect of variation of temperature, 
pressure, concentration of catalyst, and type of mono- 
esters on the course of alcoholysis. The results of a 
series of experiments in which only the temperature 
of the reaction was varied are shown in Figures 2 
and 3. In  the curves included in these figures the 
term "monoesters converted" refers to the monoes- 
ters changed into glycerides, and the term "glycerol  
combined" refers to the glycerol found in the washed 
fa t ty  portion of the reaction product  and is calculated 
as a percentage of the free glycerol present at the 
start of the reaction. The curves show that under the 
given conditions an increase in temperature from 
160 ~ to 180~ results in an unusual increase in the 
reaction rate. On the basis of the curves in Figure  
2 it is evident that  the reaction rate is greater than 
would be suspected on the basis of the increase ob- 
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ta ined.by raising the temperature from 180 ~ to 200 ~ 
C. In addition to the usual acceleration of the reac- 
tion proper, the increased temperature probably pro- 
duces several secondary effects. Among other things, 
the initial concentration of the free glycerol in the 
ester phase probably is greater, and the nmnohydric 
alcohol formed may be removed at a faster rate. Ap- 
parently the temperature has no effect on the point 
at which these reactions cease. In these and subse- 
quent tests no temperatures appreciably in excess of 
200~ were employed because such t e m p e r a t u r e s  
greatly accelerate the side reactions occurring in the 
fa t ty  acid portions of the esters and in the free 
glycerol. 

The effect of varying the pressure over the reacting 
mixture is shown in Figure 4. At the lower pressure 
the reaction comes to equilibrium after a somewhat 
higher percentage of conversion of m o n o e s t e r s  to 
glyeerides. Unfor tunately  the pressures over these 
reacting mixtures cannot be reduced below the boil- 
ing point of either the free glycerol or monoesters, 
and at practical reaction temperatures the boiling 
points occur at  appreciable pressures. 

The effect of varying the concentration of the cata- 
lyst is shown in Figure 5. Doubling the concentration 
of catalyst has an unsuspectedly marked influence on 
the reaction rate. Here again the unusual accelera- 
tion is probably the result of secondary effects. 

The curve representing the earlier portion of the 
reaction when 0.004 mole of catalyst per 100 g. of 
methyl esters was used, is S-shaped and is typical of 
other curves obtained with medium rates of reaction. 
The " S "  shape is caused by the low solubility of the 
free glycerol in the esters at the beginning of the 
reaction. As the reaction proceeds, more and more 
glycerol is converted to nmnoglyeerides which enter 
the ester phase while the monoglyeerides already in 
the ester phase continue to react to form di- and tri- 
glyeerides. Possibly the solvent power of the ester 
phase for glycerol also increases as the reaction pro- 
ceeds. The maximum rate of reaction probably  is 
attained just  as the system becomes homogenous, and 
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as the reaction nears completion the rate of course 
decreases. 

Concentrations of catalyst which were much above 
0.004 mole per 100 g, of monoesters could not be em- 
ployed because the catalysts became insoluble, formed 
gels, or caused the reacting mixture to foam. 

In Figure 6 a comparison is made of the relative 
reactivities of methyl and ethyl esters. As might be 
expected, the ethyl esters are less reactive than the 
c o r r e s p o n d i n g  methyl  esters. Also with the ethyl 
esters the reaction comes to equilibrium at a lower 
percentage of completeness of the reaction. 

In  Table I I I  the analyses of the fa t ty  portions of a 
number of reaetion products are given. I t  is seen 
that all of the possible types of compounds are pres- 
ent in all the products. While the reactions repre- 
sented come to equilibrium at approximately 70% 
completion, diglycerides are not predominant  in the 
end products, as might be supposed. No explanation 
is offered to explain why these reactions come to equi- 
librium at approximately 70% completion or why the 
various reaction products are produced in the ratios 
found. 

To determine to what  degree of completion the alco- 
holysis of methyl esters with an equivalent amount of 
glycerol could be carried under  the most favorable 
conditions of temperature,  pressure, and catalyst con- 
centration, a run was made using 0.004 mole of lith- 
ium hydroxide per 100 g. of monoesters. To avoid a 
violent reaction and possible loss of reactants at the 
beginning of the run, the reactants were first mixed 
for 15 minutes at 150~ and 400 ram. pressure, after 
which they were maintained for periods of 15 minutes 
at 160 ~ and 200 mm., 170 ~ and 100 mm., 180 ~ and 50 
mm., then for 20 minutes at 200 ~ and 25 ram., and  20 
minutes at 220 ~ and a'pproximately 15 ram. The unre- 
acted methyl esters boiled at the lowest pressure. The 
fa t ty  portion of the final product  contained 9.62% 
glycerol and had an hydroxyl  value of 20.3, indicating 
that the reaction was only 81.9% complete, and the 
product  was only slightly better than some of those 
shown in the aforementioned curves, 



708 T H E  J O U R N A L  OF T I I E  A M E R I C A N  O I L  C H E M I S T S '  S O C I E T Y ,  D E C E M B E R ,  1 9 4 9  

T A B L E  I I I  

Composition of Products  Prep.ared by the Reaction of Methyl Esters With an Equivalent  Qunntity of Glycerol a 

Catalyst 

Li(~t t .  H~O 

L i O H ' H ~ O  

NaOC_.H~ 

Composition of fatty product b 

Reaction 
temp., 

~ 

160 

180 

180 

:Reaction 
t ime 
rain. 

Monoglye. Diglyc.  

15 
30 
60 

105  
165  

15 
30 
60 

105  
165  

15 
3 () 
60 

105  
165  

P e r  cent by weight  

6.1 
11.2 
12.2  
13.1  

15.0  
9.2 
8.7 
7.3 
5.9 

9.7 
15.5  

9.5 
7.8 
6.7 

0.O 
0.0 

13.3  
22 .6  

12 .5  
19.8  
18 .4  
21 ,3  
23 .7  

0.0 
5.2 

23 .6  
26 .6  
28 .5  

Triglyc. 

1.6 
0.9 
0.0 
O.0 

14.5  
39 .7  
43 ,8  
45 ,6  
42 .8  

0.0 
5.5 

35 .0  
35.1 
35.5  

Methyl 
esters 

92.0  
87 .6  
74 .1  
63.8  

57,8  
30.8  
28 .6  
25 .2  
26 .9  

89.9  
73 .6  
31 .5  
29 .8  
28 .6  

Free fatty 
acids 

0.29 
0 .37 
0 ,41 
0 .42  

0 .24  
O.46 
0 .53 
0 .61  
0 .72  

0 .40  
0 .35 
0 .52  
0 .64  
0 .68  

Glycerol 
conteIlt, c 

% 

0.86  
1 .76 
3 .01 
4 .04  
4 .69  

7 .31 
9 .55 
9 .61 
9.87 
9 .58  

1 .99 
5 .37 
9 .66  
9 .71 
9 .74  

Hydroxyl  
value 

12.8  
34 .8  
50 .9  
62 .0  

59.1  
4 7 , 4  
44 .3  
42 .5  
40 .3  

2 4 , 7  
53 .8  
51 .5  
49 .1  
47 ,2  

aAl l  reactions conducted with 0.002 mole of catalyst per 100 g. methyl esters under a pressure of 200  ram. 
b Composition of reaction product  washed free of uncombined glycerol. 

Percentage of glycerol obtMnable by hydrolyzing a given weight  of product.  

Methyl esters were allowed to react with 11/2 equiv- 
alents of glycerol for 2 hours at 200~ and 50 ram. 
pressure in an effort to produce relatively pure tri- 
glycerides from monoesters containing 0.002 mole of 
lithium h y d r o x i d e  per 100 g. The untreated end 
product, which contained a fatty portion having an 
hydroxyl  number of 137.2 and a glycerol content of 
17.63%, was deodorized at 200~ and 11fi2 ram. pres- 
sure. One sample was withdrawn front the deodorizer 
after 2 hours, and another sample after 4 hours. The 
sample withdrawn after 2 hours had an hydroxyl  

TABLE IV 

Products  Obtained by Interaction of 1.5 Equivalents of 
Monoesters per Equivalent of Glycerol a 

Analysis  of fatty )ortion 
Type 

of 
monoesters 

Methyl 

E t h y l  

Reaction 
time, 
ra in .  

30 
60 

105  
165  

15 
60 

165  

Combined Hydroxyl  
glycerol, b value 

6.46  20 .4  
6 .55  11.7  
6 .60  8.3 
6 .64  7.7 
6.71 7.6 

1 .75 19.8 
6 .24  22.1 
6 .29  I 8.5 

Monoglyc. 
content,% 

1,80 

5 .68  
2 .01 
] ,50 

Completion 
of 

reaction, 
% 

82.8  
96 .2  
93.1  
93 .6  
93 .8  

37.9  
80. I 
83.9  

aAll reactions conducted at 18(1 ~ C. and  59 mm. pressure with 0 . 0 0 2  
mole of l ithium hydroxide for 106 g. monoesters. 

b Percentage of glycerol obtainable by hydrolyzing a given weight  of 
product. 

value of 14.7 and contained 10.96% glycerol; that 
withdrawn after 4 hours had an hydroxyl  value of 
9.5 and contained 10.66% glycerol. Since a pure tri- 
glyceride obtained from the original methyl esters 
would have had a glycerol content of 10.50% and no 
hydroxyl  value, the sample obtained after deodoriza- 
tion for 4 hours can be considered to be a fairly pure 
triglyceride. 

In another series of experiments an attempt was 
made to convert monoesters into triglycerides with 
the aid of an excess of monoesters. The results are 
recorded in Table IV. Since ntonoesters can be sep- 
arated readily from glycerides by distillation or the 
glycerides isolated by fractional crystallization from 
solvents, the preparation of triglycerides using an 
excess of monoesters is fairly satisfactory, at least in 
the ease of the methyl esters. Glyeerides having an 
hydroxyl  value of about 10 could be obtained by puri- 

fying the product having an hydroxyl  value of 7.6. 
The hydroxyl value of peanut oils is often about 5. 

Ester-Ester Interchange Reaction 
The ester-ester interchange reaction provides an- 

other means by which monoesters can be converted 
directly into glycerides. Konen, Clocker, and Cox (7) 
reported that they obtained pure trieleaostearate by 
reacting 3 moles of neutral methyl eleaostearate with 
1 mole of anhydrous neutral triacetin in which 0.05% 
of dry sodium methylate was dissolved. The reaction 
was conducted under a vacuum at a temperature of 
60 ~ to 100~ It was claimed that practically pure 
triglycerides were obtained after washing the end 
product with ethanol. 

While the preparation of technical triglycerides by 
the ester-ester interchange reaction is not as desir- 
able as is alcoholysis, a series of experiments was 
made using approximately the conditions described 
by Konen, et al. In the present experiments the mono- 
esters and triacetin were mixed and the sodium meth- 
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the reaction between equivalent quantities of methyl esters and 
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sent moles of lithium hydroxide per 100 g. of monoesters. 
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yla te  was usually added in the form of a concentrated 100 
methanol solution. Instead of washing tile reaction *~ 
products with ethanol they were washed first with | u 
dilute acetic acid and then with water. The results 

80 of these experiments are given in Table V. a. 
The results show that the reaction did not go to 

completion under tile conditions employed;  also the ~- 
reaction (lid not fol low imnlediately upon addition *- 60 
of the eatalyst. At] induction period was noted ill > 
all of the reactions. When the vacuum was aI)plied c 
after a(hlition of tile catalyst, the small amount  of o 
methanol flashed off imme(liately, but sometimes 15 40 
minutes claI)sed before there was any visible evi- 
dence of tile formation of methyl acetate vat)ors, o �9 4,- 

One of the objections to the practical application ,, 20 ] of the ester-ester interchange reaction is that the o 
c catalyst is readily destroyed. The reactants must be o 

anhydrous and free of oxygen and peroxides. Such 1~ 
materials as l i thium hydroxide or l i thium stearate, 0 

0 

Type of 
lnonoegter 

B, eaetion 
temp. and 
)ressure, 

' ] C . - - m m .  

Methyl 

Methyl 
Methyl 
Methyl 
Methyl 
Methyl 

Ethyl 
Ethyl 
Ethyl 
Ethyl 
Ethyl 

Methyl 
i~Iethyl 

Catalyst 
cone., moles 
pr 100 g. 

(1.Ot18 e 

! 0,008 
o.u06 
0.006 
0.0o{i 
0 .006 

0.006 
1).006 
0.0(}6 
0.006 
0.0O6 

t) 3106 
, 0.o06 

Reaction 
time, 
llliO. 

90-20 

lo0-25  
IO0-25 
IO0-25 
100-25 
lO9-25 

i00-25 
2 t)11-25 
100-25 
100-25 
2o0-25 

100-1II 
100-1O 

Glycerol 
in fatty 

portion, a 
% 

22O 

25 
3O 
60 

105 
165 

25 
;111 
60 

105 
165 

180 
360 

( 'ompletion 
of 

reaction, ~* % 
10.29 

3.:12 
8.06 
9.6O 
9.77 
9.86 

4.91i 
8.01 
9.24 
9.39 
9.62 

9.90 
9.92 

90.1 

F t d .  6. 

57.6 
65.6 
69.8 

48.8 
54.9 
G4.2 

71.7 
72.6 

a Percentage of glycerol obtainable by hydrolyzing a given weight of 
washed and dried product. 

b Calculated on the assumption that at least a portion of each tri- 
ace t in  molecule had reacted at this stage. 

e Catalyst added in the form of dry sodium methylate suspended in 
xylene. 

which are. unaffected by moisture, do not catalyze 
this type of reaction. 

Not ninny experiments were made using the ester- 
ester interchange reaction, principally because it was 
impossible to determine the amount of catalyst  which 
is actually active undcr any given conditions.  The 
greater part of the catalyst  always appeared to be 
insoluble in the reactants. Traces of catalyst  couhl 
not be used because the monoestcrs usual ly  containe,1 
traces of inoisture, oxygen, and peroxides. 

Summary  
1. ( 'onvcrsion of the methyl and ethyl esters of 

peanut oil fatty  acids into triglyeerides by means of 
alcoholysis and ester-ester interchange reactions has 
been investigated with the object of establishing the 
conditions most conducive to rapid and complete 
transformation of the esters. 

2. Data are l)resented showing that the most effec- 
tive catalysts for aleoholysis are barimn hydroxide,  
l i thium hydroxide,  sodium ethylate, and sodium hy- 
droxide. When the catalysts are compared on a nlolar 
basis, barium hydroxide is somewhat more effective 
than l i thimn hydroxide mid sodium hydroxide is the 
least effective. On an equivalence basis or on a weight 
for weight  basis, litllium hydroxide is the most effec- 
tive catalyst. 

/ 
T A B L E  V 

Products Obtained hy the Intm'aetion of Equivalent Quantities of 
Monoesters and Triacetin in the Presence ()f Sodium Methylate 
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Comparison of reaction rates of methyl and e t h y l  
e s t e r s  w i t h  e q u i v a l e n t  q u a n t i t i e s  o f  g l y c e r o l  a t  1 8 0 ~  a n d  200  
ram. pres sure .  C a t a l y s t ,  0 . 0 0 2  m o l e  l i t h i u m  h y d r o x i d e  per  100  
g.  o f  m o n o e s t e r s .  

3. When  equivalent quantities of monoesters are 
allowed to interact, the initial rate of alcoholysis is 
influenced markedly by tile temi)eraturc and concen- 
t r a t ion  of catalyst  and to some extent by the pres- 
sure. All reactions, however, come to equil ibrimn at 
approximately  70% colnph;tion. For  pra(.ti(,al rea- 
sons the v a r i a t i o n s  in temperature,  pressure, and 
concentration of catalyst  are somewhat  limited. 

4. I;nder identical con(litions ethyl esters are alco- 
holized less reattily than are the eorresponding methyl  
esters. Also when ethyl esters are used, the reactions 
cease at a lower percentage of completion. 

5. Monoesters can be converted fairly completely 
into triglycerides by reacting the monoesters with an 
excess of glycerol and then decomposing the resulting 
glycerides by heating and stripping with steam under 
low pressure. 

6. The aleoholysis reaction itself can be forced to 
produce  approximately  90% triglycerides by employ- 
ing an excess of monoesters.  

7. Ester-ester interchange reactions using triacetin 
and methyl  or ethyl esters did not proceed as well 
as has been reported in the literature. The influence 
of various condit ions on the reaction rate was not 
evaluated because only a small amount  of the easily 
destroyed catalyst  is sohtble in the reactants and be- 
cause the reaction was complicated by the existence 
of an induction period. 
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