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was stored at  90 ~ F. in diffused l ight for  a period of 
two months, and peroxide values were determined at 
periodic intervals.  Average peroxide value of all at- 
mospheric bleached and all vacuum bleached samples 
at each interval  are shown in F igure  14. 

TABLE V[  

Type of Adsorbent % 
Adsorbent 

A.verage Reduction 
in Oil Stability 

in BIeaching 

Activated Carbon . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  125-.75 
Natural  Clay .................................... 1 
Activated Clay (1) .......................... 1 
Activated Clay (2) ............................ 1 

z2{ - -  ~ o 
bJ 

X 
0 

0 2 4 6 

Atmospheric Vacuum 

24 2 l  
27 22 
25 10 
27 12 

WEEKS AT 9 0  ~ F. 
Fro. 14. Effect of vacuum bleaching ou oil stability. 

Averages for  a relatively large number  of tests show 
tha t  s tabi l i ty  of vacuum bleached oil, as determined 
by  the Swif t  Stabi l i ty  BIethod, is approx imate ly  15% 
greater  than of atmospheric bleached oil when acti- 
vated clays are used as the adsorbent.  Data  compar ing 

the effects of various adsorbents  iu vacuum versus 
atmospheric bleaching on Swif t  Stabi l i ty  of a good 
quali ty refined cottonseed oil are given in Table VI.  

These data substant ia te  previous conclusions tha t  
the effectiveness of vacuum bleaching depends on the 
extent  to which oxidation is reduced. The act ivated 
clays, which showed greatest  r e s p o n s e  to vacuum 
bleaching in regard  to color removal,  also showed the 
greatest  improvement  in oil s tabi l i ty  due to vacuum 
bleaching. The act ivated carbon which reduced oil 
s tabil i ty only slightly more in atmospheric  than in 
vacuum bleaching showed no significant advantage in 
vacuum ove r  atmospheric  bleaching in regard  to color 
removal.  

Summary 
In  bleaching f a t t y  oils an equi l ibr ium exists be- 

tween two reactions favorable  and two unfavorable  
in respect to color reduction. Adsorpt ion of color and 
oxidative decrease in color are favorable.  Oxidative 
increasa in color and oxidative stabilization against  
adsorpt ion are unfavorable.  Adsorbents  are shown to 
catalyze these oxidative reactions. 

Under  any  comparable  set of conditions significantly 
lower colors result  when bleaching is carr ied out un- 
der vacuum or in an inert  atmosphere.  Multiple stage 
bleaching under  atmospheric  conditions shows no ad- 
vantage because of the adverse oxidative effect but  
may  be advantageous under  vacuum conditions. 

Low p I [  ear ths  respond be t te r  than  high p I I  earths 
to vacuum bleaching with respect  to improved color 
removal  and oil stabili ty.  
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Directed Interesterification in Glycerides. Reaction in 
Presence of Added Glycerol 
E. W. ECKEY ~ and M. W. FORMO, ~ The Procter and Gamble Company 

W I I E N  triglycerides are heated to a t empera tu re  
sufficiently high, a process of ester-ester inter- 
change occurs which allows the acid radicals 

to change places until, at  equilibrium, the compo- 
sition of the tr iglyceride mixture  approximates  the 
composition corresponding with random distr ibut ion 
of the acid radicals in the esters. 

At  low tempera ture ,  in the presence of highly ac- 
tive catalysts,  t r iglycerides can undergo a process of 
directed interesterification in which f ract ional  crys- 
tallization of the t r iglycerides take place simultane- 
ously with ester-ester interchange (1, 2). The simple 
fo rm of this process as applied to a fa t  such as cot- 
tonseed oil, containing mixed glycerides of sa tura ted  
and unsa tura ted  f a t ty  acids, consists of mixing the 
oil with catalyst  and holding the mixture  at tem- 
pera tures  below those at which the fu l ly  sa tura ted  
triglycerides, at their  equil ibrium concentration, can 

~Present  address E. W. Eckey Research Laboratory, 338 Crescent 
Avenue, Cincinnati  15, Ohio. 

2Present  address, Archer -Danie[s -Midland  Company, Minneapolis, 
Minnesota. 

remain in solution. Crystal l izat ion of sa tura ted  gtye- 
erides f rom the mixture  al ters the composition of the 
react iug phase and  allows addit ional  quanti t ies of 
sa tura ted  tr iglyeerides to fo rm progressively f rom 
mixed sa tura ted-unsa tura ted  glyeerides as new equi- 
l ibria are approached.  In  this way a large proport ion 
of the sa tura ted  f a t t y  acids of the fa t  can be segre- 
gated into the ful ly  sa tura ted  glyeeride fraetion. The 
range of t r iglyeeride compositions a t ta inable  by  inter- 
esterifieation of a given f a t  is thus grea t ly  extended 
in comparison with tha t  produced by  high-tempera-  
ture reaction. 

This pape r  describes results tha t  can be obtained 
when the process is appl ied to glyeeride mixtures  
containing free hydroxyl  groups. When these are 
present,  as in the ease when a small propor t ion of 
glyeerol is added to a t r iglyeeride mixture  while it 
is undergoing interesterifieation, the process becomes 
a mixed process of ester-a]eohol interchange together  
with ester-ester interehauge since the same catalysts 
serve to aeeelerate both these reactions. The ester- 



2 0 8  T I t E  J O l ; R S A I ,  OF  T H E  A M E R I C A N  O I L  C I I E M I S T S '  S O C I E T Y ,  ~ I -AY,  1 9 4 9  

Roae t ion  condi t ions  - - "  3 4 _ _ _  

d _ ~  ~_ _b _ 
T i m e - t e m p e r a t l x r o  cycle a f t e r  i n i t i a l  m i x i n g :  

T i m e  a t  3 2 . ,  O. (90  ~ . ) ,  days . . . . . . . . . . . . . . . . . . . . . . . . . . .  . ..... 3 . . . . . . . . . . . .  

T i m e  a t  2 6 . 7 ~  ( 8 0 ~  days  . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . .  . ..... 47.1 I 53.13 55.5  ...... T i m e  a t  21 .1~  t. ( 7 0 ~  days  . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . .  I ...... 3 
Whole  f a t  a f t e r  reAcOon: 

C a p i l l a r y  me l t i ng  point~ ~ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Ch)ud-point ,  ~ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  18 .5  34 .1  I 42 .0  46 .3  
D r o p  No. of 5 %  solut ion in P r i m e x  . . . . . . . . . . . . . . . . .  . ..... m 9.4 9 . I  I 11 .4  
E s t i m a t e d  m i n i m u m  % mom)glycer ide  2 .. . . . . . . . . . .  . ..... 6 I 5 I 11 

Crys ta l l i za t ion  f rom petrole.um e ther  at  10~ : I I 
Yield of c rys ta ls ,  % . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1.2 4 .3  I 9.3 8 . 0 1 1 2 . 0  11 .7  
C a p i l l a r y  :M.P. of crys ta ls ,  ~ . . . . . . . . . . . . . . . . . . . . . . . . . . . .  67 .0  66 9 166.7 67 .0  66 8 67.0  
I o d i n e  va lue  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ...... 10.3 I ...... 5.3 
D r o p  No. of 1 . 5 %  solut ion in P r i m o x  .. . . . . . . . . . . . .  14 .0  12 .3  ' 7 .7  ...... 8.6 ...... 
E s t i m a t e d  % monoglyce r ide  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  56 45  2 ...... 110 ...... 

0 rys ted l iza t ion  f rom pe t ro leum e ther  a t  4 . 4 " C . :  I 
Yie ld  of c rys ta l s ,  % . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  10 .9  I 15.2  
Cap i l l a ry  ~[.J2., ~ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  65 .7  67 .3  
i o d i n e  va lue  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  6 .0  2 .7  

Crys t a l l i za t ion  f rom pe t ro l eum e ther  a t  0 ~  
Yie ld  of c rys ta ls ,  % . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  11 .1  15 .4  
Cap iUary  ~I .P . ,  ~ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  65 .6  65 .6  
Iod ine  v a l u e  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2 .3  

T A B L E  I 

I n t e r e s t e r i f i c a t i o n  of Cot tonseed Oi l*  in P r e s e n c e  of Added G vcerol,  2 .5  P a r t s  pe r  100 of Oil  

3 

40.2  
19.2  

9.8 
7 

2.8 
67.2  

16.0  
68 

9 

c c 

...... l 
1 

"ii"" "ii"" 1 

50.6  53 .7  54.1 
41.1 45 .8  44 .4  

9.7 11.5 g.6 
7 11 4 

9.1 11.1 10.8  14 .4(  ~)11..4 
66.8..._ 6~.:I 67.7  66.0 67 .7  

...... 2.1 ...... 5.6 
"s.2 9.9 ...... 7.9 ...... 
8 25 ...... I 5 ...... 

14 .5  1 .t.3 
65.8  66.1  

2 .4  4 .4  

1,1.8 15.1 
65 .7  65.8  

3.6 4.1 

1 i o d i n e  v a l u e  of t he  cot tonseed oi l :  110 .4 .  
b. Ca ta lys t  cons i s t ing  of 0 . 4 3 %  of sodium methoxide in  ,the form of a suspens ion  in xylene ( 1 ) ,  was  s t i r r ed  into the  refined,  d r ied  oil a t  48 .9~  

( 1 2 0 ~  wi th  a high-speed s t i r r e r .  Glycerol  was  then a d d e d  slowly f rom a bure t te ,  over  a pe r iod  of abou t  5 min. ,  a f t e r  wh ich  the s t i r r i n g  wa.s con- 
t i nued  for  30 m i n u t e s  more  a t  the  same  t e m p e r a t u r e .  The  mix  was then chi l led r ap id ly  to 15 .5~ by s u r r o u n d i n g  the vessel  wi th  ice w a t e r  whi le  
s t i r r i n g  was  con t inued .  T h e  mix was  then  t r a n s f e r r e d  to a c o n t a i n e r  which was  ro t a t ed  continuou,~ly in  c o n s t a n t - t e m p e r a t u r e  rooms for  t imes s ta ted .  

c. S a m e  condi t ions  as b, bu t  omi t t i ng  the ch i l l ing  a f t e r  the in i t i a l  mixing.  
d. Reac t i on  s topped by n e u t r a l i z i n g  the ca ta lys t  a t  end  of the 30-rain .  m i x i n g  a t  48 .9~  

The  pe r  cen t  monoglyee r ide  estimate~l for  the whole oil hy c o m p a r i n g  the  drop number s  wi th  those in ~'ig. 1 wi l l  he somewhat  less t han  the 
ac tua l  value ,  s ince  mono-olein a n d  monol inole in ,  wh ich  may  be p r e s e n t  i n  the whole  oil, have  less effee~ t h a n  monopahn i t in  on the drop number .  

alcohol interchange tends to producc an equil ibrium 
among glycerol,  monoglycerides,  d i g l y c e r i d c s ,  and 
triglyccrides.  

The invest igation was undertaken with the expec- 
tation that selective crystal l ization of monog]ycerides 
and diglyccrides, in preference to triglycerides, could 
be obtained from such reaction mixtures. 0nc  pur- 
pose was to develop, on this basis, improved methotls 
for the preparat ion of nmno- and diglyceridcs. An- 
other purpose was to deveh)p a method that would 
be even nmre effective ttlan the simple form of di- 
rected interesterification for s e g r e g a t i n g  the satu- 
rated fat ty  aeid radicals of a fat in a ful ly  saturated 
glyceride fraction. 

Both of these aims have been realized. The experi- 
mental  results show that a strong tendency exists for 
mono- and diglyeerides to precipitate in preference 
to triglycerides from glyceridc mixtures in which 
ester-ester and ester-alcohol interchanges arc occur- 
ring, and further,  that with selected ratios of free 
hydroxyl  to ester groups, the precipitated glyeeride 
may be made to consist either of diglyceride ahnost 
free from nmnoglyceridc, or of nmnoglyceridc ahnost 
free from diglyccride. 

Experimental  

General Procedure. Cottonseed oil was chosen as 
the triglyceride mixture for the main scries of ex- 
periments  because it contains a convenient  ratio of 
solid to l iquid fa t ty  acids, combined in the form of 
mixed triglyceridcs,  and because the solid acids are 
principal ly  of one kind, namely,  palmitic acid. 

Catalyst,  consist ing of a s u s p e n s i o n  of sodium 
methoxide in xylene, was stirred into the dry refined 
oil in a vessel arranged to exclude air; dried glycerol 
was then stirred into the mix and the whole  trans- 
ferred to a Mason jar, or other vessel that could be 
closed air-tight, and rotated cont inuously  end-over- 
end in a constant-temperature room. 

After  this  treatment,  over thc desired schedule of 
time and temperature,  the mixture was treated with 
a small  quant i ty  of glacial acetic acid to destroy the 

catalyst, then melted, washed thoroughly with hot 
water, and given a distillation treatnlcnt at reduced 
pressure to remove the xylcne. 

The yield of solid glyceridcs obtained by crystalli- 
zation of a sample of the product  in ]0 volumes of 
petroleum ether and the characteristics of the frac- 
tiou ot)tained served as the princit)al means for deter- 
mining tile results of the interesteriiication process. 

Glycerol. C. P. glyccrol was mixed with xylene in 
a flask equipped with a motor-driven stirrer and a re- 
flux condenser, arranged to reflux the xylene through 
a Bidwell-Stcrling moisture trap. The mixture was 
boiled, with c'ontilmous stirring, until no more water 
was evolved. The xylene was then boiled off, and the 
glycerol was distilled at reduced pressure. 

Catalyst. The catalyst was a suspension of so- 
dium niethoxide in xylene, prepared as described 
t)reviously (1). 

Estimation of monoglyceridcs. The interfacial ten- 
sion between slightly acidified water and a solution 
of a given ~ m p l e  in triglyccride oil serves as a 
means for estimating the proportion of monoglyccr- 
ide in the sample when the kind of fa t ty  acid con- 
sti tuting the monoglyeeride is known. This is so 
because diglyceridcs do not affect the interracial 
tension while monoglyeerides have a large effect. 

Tile monoglyeeride content of the solid glyceridcs 
crystallized from intcresterified cottonseed oil was 
estimated a by deternlining the drop number of a 

a Resul t s  ob ta ined  by o thers  in  the  P r o c t e r  a n d  Gamble  l abo ra to r i e s  
s ince  this  work  was  douo have  shown t h a t  the pe rcen t ages  of mono- 
g lycer ide  es t imated  by the  drop n u m b e r  method in mix tu res  cons i s t ing  
of mono-, di-, a n d  t r i g l y c e r i d e s  a r e  in s a t i s f ac to ry  a g r e e m e n t  wi th  the 
p e r c e n t a g e s  found hy the  pe r ioda t e  method (10 ,  1 1 ) .  The  use of the 
d rop  n u m b e r  method of course  involves  an  assumpt ion  c o n c e r n i n g  the  
k inds  of monogiyee r ide  p r e s e n t  in the sample,  and  the use  of an  appro-  
p r i a t e  s t a n d a r d  c u r v e  for  compar ison .  A few typ ica l  r esu l t s  w i t h  glyc- 
e r i d e  mix tu r e s  a r e  as fo l lows :  

Monoglyeer ido  
found  by Monoglycer ido  

,~iixtu re p e r i o d a t e  es t imated  
method ( 11 ), f rom d rop 

% n u m b e r , %  

A .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  54 .4  57.5 
B . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  36 .1  38.9  
C . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2 .9  2.8 
D . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2 .6  2.8 
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solution of the solid glycerides in a hydrogenated 
vegetable oil shortening (Primex) consisting prac- 
tically entirely of triglycerides, and comparing the 
values obtained with those obtained with a sample 
of monopalmitin prepared by repeated recrystalliza- 
lion of crude monoglyceride obtained in directed in- 
teresterification of cottonseed oil. See Fig. 1. 

Drop number. The drop number was standard- 
ized arbitrarily as the number of drops formed by 
2.5 ml. of oil at 48.9~ (120~  flowing sh)wly 
upward through an inverted Monel metal tip into 
0.001 N aqueous HC1 solution. Tilt; tip where the 
drops formed was the end of a cylinder 6.35 mn]. 
(0.250 inch) in diameter. 

Interesterification of coltonseed oil with added glyc- 
erol. Table I describes a series of experiments in 
which 2.5'% of glycerol was added after the catalyst 
was mixed with the oil and in which different tem- 
1)eratures were used after the initial mixing at 48.9~ 

The temperature had a large, influence on the re- 
sl]lt. At 32.2~ (90~ there was little or no erys- 
tallization of solid from the oil during the three days 
of mixing of the unseeded sample (Col. 6, Table  I ) ,  
with tile result that the product was not much dif- 
ferent from the sanlple obtained by 30 rain. mixing 
at 48.9~ without subsequent storing at lower tem- 
perature. The seeded sample, Col. 2, gave some crys- 
tallization of solht during the reaction so that the 
prod]let had higher cloud point and melting point 
and higher content of solid glyeerides. 

At 26.7~ (80~  and at 21.1~ (70~ more 
crystallization took I)laee during the reaction, and 
the changes prod]iced in the fat were more striking. 

The solid glyeerides crystallized during the reaction 
at 26.7~ al)pear to eonsist principally of diglyce, r- 
ides since the crystals obtained from petroleum ether 
have melting points that are higher than that of pure 
triI)ahnitin, in spite of some contamination with un- 
saturated glyeerides, and drop nmnbers that show 
that tile proI)ortion of monopalmitin is very small. 
The same is true for lhe experiments with stepwisc 

reduction of tile temperature dnring reaction to 21..1 ~ 
The separation of solid glycerides from the reaction 

product by crystallization from 10 vohtmes of petro- 
leum ether was more comi)lete when the crystalliza- 
tion was carried out at 4.4~ (40~ than when the 
temperature was 10 ~ C. (50~ 

Table II gives the results of further experiments, 
in which different proportions of glycerol were used, 
and the reaction was carried out over a long period 
during which the temperatnre was reduced in step- 
wise fashion to a final reaction temperature of 1()~ 

Under these conditions the solid crystallized during 
the reaction consisted ahnost wholly of diglyceride 
when the proportion of glycerol added was 2.5% or 
5%, and almost wholly of monoglyceride when the 
proportion was 10%. The quantity  of solid glycer- 
ides formed was large enough to account for most 
of the saturated portion of the cottonseed oil. 

Table 11I gives the results of other variations in 
the tilne-temperature e, ycle and in the proportion of 
glycerol used. When the proportion of glycerol was 
10%, the solids formed were, again practically pure 
monoglyceride. With 7.5% g l y c e r o l  and stepwise 
reduction of the tenlperature to 10~ a less pure 
monoglyceride was precipitated. 

With 2.5% glycerol the solids again tended to be 
diglyceride, but when the t(,mlpcrature of reaction was 
15.5~ or  lowe, r, w i thou t  a preceding period of reac- 
tion and crystallization at higher temI)erature, a mix- 
ture of diglycerides and monoglycerides precipitated. 

The experiment given in the first coh]mn of data 
hi Table l l  I is noteworthy in that it shows that when 
a favorable set of reaction conditions is used, prac- 
tically all of tile saturated fatty acids of cottonseed 
oil can be accumulatcd irl a saturated diglyeeride 
fraction. The yield and characteristics of the solid 
and liquid fractions obtained in the petroleum ether 
erystallizatiol], in comparison with the characteristics 
of tile original oil, show that the liquid fraction con- 
tained less than 1% of saturated fatty acids. 

RecrystaUization of mono- and d i g l y c e r i d e s  oh- 

T A B L E  1 [  

Interosterif leation of Cottonseed Oil i Wi th  Dif ferent  Propor t ions  of Glycerol 

Glycerol, parts  by  wt. ,  per  100  of oil . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Reac,qon condit ions : 
Time at 3 2 . 2 ~  ( 9 0 ~  d a y s  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Time at 2 6 . 7 ~  ( 8 0 ~  d a y s  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Time at 2 1 . 1 ~  ( 7 0 ~  d a y s  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Time at 1 5 . 5 ~  ( 6 0 ~  d a y s  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Time at ] 0 . 0 ~  ( 5 0 ~  d a y s  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Whole  fat after react ion:  
Capillary M . P . ,  ~  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Cloud point, ~  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
D r o p  No. of 5% solution in P r i m e x  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Est imated min imum % menoglycer ide  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Crystall ization from petroleum ether: 
Temperatttre  of crystall ization,  ~ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Yield of crystals,  % . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Capillary :M.P. ,  ~  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
]()dine value . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
D r o p  No.  of  1 . 5 %  sohttion in P r i m e . x  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Est imated % monoglycer ide  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
n y d r o x y I  va lue  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Glycerin yield, % . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

e l a i n e  fract ion : 
I .  V.  of l iberated fairy acids . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Tiler  test, ~ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

1 2 

1 0 . 0  10.0  

h e 

1 8 . 9  2 2 . 4  

10  1 0  
0 .8  2 . 9  

6 9 . 2  6 9 . 7  

18. '2 ')') { 
8 0  1 0 0  

,2 

2 . 5  

d 
'22 
3 
4 
4 
3 

55. ; ]  
5 0 A  

3 

4 . 4  
2 2 . 6  
6 7 . 2  
1 2 . 2  

7 .t) 
5 

9 9  
1 5 . 4 8  

4 

5 .0  

d 
32 
3 
4 
4 
3 

5 5 . l  
50.,2 
1 0 . 3  

9 

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

8 .1  
7 

1( ,4  
15.5{3 

...... ! 

5 i 6 

1 0 . 0  2 . 5  

d 
32 
a 
4 
4 
3 

6 1 . 0  
4 5 . 4  
1 9 . 0  
2 5  

4 . 4  
2 2 . 4  
7 1 . 5  

5 .6  
2 2 . 3  
.(}8 

31,3 
2 6 . 2 7  

o 
'~i'" 
1 
1 
3 

5 4 . 1  
5 0 . 1  
1 0 . 5  

9 

4 . 4  
2 5 . 3  
6;3.6 

9 . 5  
2 2  

1 4 5 . 5  
6 .2  

Iodine number,  1 1 0 . 4 .  
b.  Catalyst  neutral ized at end of 30-min.  mix ing  at 48 .9~  after addit ion of the glycerol.  
c. Same as  b except  that  m i x i n g  time w a s  3 hours.  
d. Same method as described in N o ~  b, T a b l e  I, cxcol)t that after 1 day  at  26 .7~  the end-over-end rotation w a s  d iscont inued and the vessels  

stood without  agitat ion for the remainder  of the  cycle. 
o. Same as  described izl Note b, Table  I.  
: A t  the end of the 3 days  at. 32 .2~  the batch in Column :l w a s  semi-llquid, the one in Column 4 w a s  almost  solid, and the one in Column 5 w a s  

sol id .  W i t h i n  I~ f ew  Imurs after transfer  to room at 26 .7~  all three were  too stiff to be st irred by the  rotation.  



210 THE JOURNAL OF THE AMEnICAN OiL CHF~MISTS' SOCIETY, MAY, 1949 

T A B L E  III 

Interesterification of Cottonseed Oil ~ With Added Glycerol 

. 
Glycerol, parts by wt. per 100 of oil ....................................... I 

i 
Reaction conditions ~ : [ 

Time at 26.7~ (80~  days ............................................. ! 
Timo at  21.1~ (70r  days ............................................. 
Time at 15.5~ (60~F.) ,  days ............................................. 
Time at 19.0~ ( 5 0 ~  days ............................................. ] 

Whole fat after reaction: I 
Capillary .M.I)., ~ ................................................................... I 
Cloud point,  ~ ......................................................................... 
Drop No. of 5% solution ....................................................... ! 
Estimated % monoglycerido .................................................. 

Crystals from petroleum ether at 4.4~ ( 4 0 ~  
Yield of crystals, % .............................................................. 
Capillary I~.P., ~ ................................................................... i 
Iodine number of crystals . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ' 

Drop .No. of 1.5% solution .................................................... 
Estimated % monoglycerido . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

2.5 

2 
3 
2 

54.2 
51.1 

9.1 
5 

22.6 
65.2 

6.4 
8.5 

12 

2.5 

.~... 

55.7 
50.6 
10.3 

9 

17.7 
65.1 
10.9 

8.3 
10 

2.5 

.~..- 

56.1 
50.5 

9.2 
6 

20.3 
64.9 

4.8 
9.9 

25 

2.5 

57.3 
',18.9 
10.2 

8 

14.6 
63.7 

11.4 
38 

7.5 

.~... 

1 
1 

58.9 
38.0 
12.4 
13 

15.93 

16.9 
73 

10.0 

3 

59.8 
42.2 
20 
27 

17.64 
71.4 

23.6 
103 

Oleine from crystallization: I 
Iodine  No. of liberated fatty acids ...................................... 144.4 138.8 139.4 . . . . . . . . . . . . . . . . . .  
Tiler of liberated fatty acids, ~ ...................................... 6.4 15.8 9.8 . . . . . . . . . . . . . . . . . .  

1Iodine number, 109.7;  thiocyanogen number, 71.3. Calculated composition: linoleic glycerides, 47%; oleic glycerides, 32%; saturated glycerides, 
21%.  Calculated iodine number of mixed unsaturated fatty acids, 145. 

s See Note b, Table I .  
8 To test other methods of crystallization, a portion of this batch of oil was  dissolved in 10 vols. of petroleum ether, chilled to - -6 .7~  then held 

for 24 hrs. at  4.4~ and filtered. Yield of crystals, 1 8 . 9 % ;  :M.P., 68.7~ I.V., 7.2. Another portion crystallized from 10 vols. petroleum ether at 
- - 6 . 7 ~ 1 7 6  yielded 19.4% of crystals; M.P., 67.4;  I.V., 6.9. 

4Another portion of this batch, crystallized from petroleum ether at ----6.7~ yielded li~.9% of crystals; 5I.]?., 72~  I.V., 6.7. 

rained by interester(fication of cottonseed oil. Sam- 
ples of solid glyeeridcs obtained by crystallization of 
selected batches of interesterificd cottonseed oil were 
eomposited to give two samples with a high content 
of diglyeeride and monoglyceride respectively. These 
were recrystallized from solution ill 20 volumes of 
commercial hexanc, then from 20 volumes of ethanol, 
then twice again from 20 volumes of commercial hex- 
ane. The characteristics of the products obtained are 
given in Table  IV.  The monopalmitin was used in 
the determinations of drop m]mber given in Fig. 1. 

Discussion 
The results show that the method of directed iu- 

teresterification can be applied without difficulty to 
glyceride mixtures containing free alcohol groups 
over a fairly wide range of concentrations. Cotton- 
seed oil and glycerol, in proportions such that the 
ratio of free  alcohol groups to ester groups was be- 
tween about 1 to 5 and 1 to 2, gave precipitates 
during reaction that consisted p r e d o m i n a n t l y  of 
diglyceride when a favorable time-temperature cycle 
was used; when the ratio was about I to 1, nearly 
pure monoglyceride precipitated. 

This highly selective action may be accounted for 
by considering the probable relative concentrations 
of tile various glycerides existing in the reaction mix- 
ture when crystallization begins. In the single-phase 
alcoholysis of triglycerides with glycerol Fellge and 
Bailey (9) have shown that the equilibrium concen- 
trations of triglyceride, diglyceridc, monoglyceride, 
and free glycerol approximate those calculated on 
the a s s u m p t i o n  that there is a completely random 
distribution of the acid radicals among the hydroxyl 
groups. Such calculated values are shown in Fig. 2. 

Considering, for example, the third column of data 
in Table i [ ,  the ratio of free hydroxyl groups to 
ester groups in this experiment is 0.24. According 
to Fig. 2, the equilibrium composition in the aleo- 
holysis reaction would be about 1% of glycerol, 10% 
of monoglyecride, 37% of diglyeeride, and 52% of 
triglyeeride. Assuming that equilibrium in the ester- 
ester interchange reaction also is approached, about 
one-fourth of the monoglyccride, one-sixteenth of the 
diglyeeride, and one sixty-fourth of the triglyeeride 

would be saturated glyccridcs (assuming about one- 
fourth of the fatty acids of the cottonseed oil to be 
saturated acids). Thus, the molar percentages of satu- 
rated roche-, di-, and triglycerides would be about 
2.5, 2.3, and 0.8 respectively. On a weight basis the 
proportions of the three saturated glyecridcs to each 
other would be 1:1.6:0.8. Since d i g l y c e r i d e  is the 
saturated constituent present ill the largest propor- 
tion at equilibrium, it is not surprising that it should 
be the first to precipitate when the lnixture is cooled. 
When the cycle of temperature vs. time is favorable, 
it appears that the preferential crystallization of di- 
glyceride continues until practically all the saturated 
constituents of the fat appear iu the p r e c i p i t a t e d  
diglyceridc fraction. 

I.Z 

/ 
/ 

~ 1.2 

O 
O 
.A 

o e i I ] 
0 0.5 t 0  1.5 2 0  

PERC.,ENT MOC~PAt_~TIN iN MIXTURE: 

F i t .  1. E f f e c t  o f  m o n o p a l m i t i n  on i n t e r f a c l a l  t e n s i o n  be- 
t w e e n  t r i g l y c e r i d e  oi l  a nd  0 .001  1N a q u e o u s  HC1 a t  4 8 . 9 ~  
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TABLE IV 

Monopalmitin and Dipalmit in From Interesterifled Cottonseed Oil 

211 

Melting point, ~ ....................................................................... 

Iodine value .............................................................................. 
Saponification value .................................................................. 
I tydroxyl  value ......................................................................... 
Glycerin yield, % ...................................................................... 
Drop No. 1.5% solution in Pr imex ....................................... 
Melting l)oint of liberated fat ty acids, ~ .............................. 

Saponification value of liberated fat ty acids ......................... 

Recrys- 
tallized 
Mono 

glyceride 
Fraction 

75.6 

1.1 
168.8 
336 

27.46 
22.6 
62.3 

Reerys- 
tallized 
niglyc- 

eride 
Fraction 

72.4 

0.8 
195.3 
99 
16.03 

7.4 
62.4 

:219.6 

Calculated or Published Values for P u r e  Glycerides 

Monopalmitin 

Value B.ef. 

77.01 

C.ic'd 
169.9 Calc'd 
340 CaIc'd 

27.85 Calc'd 

d~:~5 "i"" 62.67 
218.9 Cale'd 

Dipalmitin 

~Jalue Ref. 

72.52 4 

0 Calc'd 
197.4 Calc'd 

99 Calc'd 
16.19 Calc'd 

THpalmit in 

Value Ref. 

65.5 5 

0 Cale'd 
208.6 Calc'd 

Cale'd 
11.1 Calc'd 

i l l . i somer .  2 1,'l-isomer. s 2-isomer. 

Similar calculations for the case shown in the 4th 
cohlnm of data in Table II  give a calculated weight 
ratio of 1:0.9:0.2 for the three s a t u r a t e d  glycer- 
ides. The preferential crystallization of diglyceride 
instead of monoglyceride in this reaction probably 
occurs because dipalmitin has a higher cloud point 
than monol/almitin and crystallizes more readily in 

I i I t I 

z~SO 
W 

~, 6o 

0 0.2 04 0.6 0.8 1.0 L2 

RATIO OF" FREE HYDROXYL GROUPS 'TO ESTER CROUPS 

FIG. 2. C a l c u l a t e d  c o m p o s i t i o n  p r o d u c e d  a t  e q u i l i b r i u m  b y  
s i n g l e - p h a s e  a l c o h o l y s i s  o f  t r i g l y c c r i d e s  w i t h  g l y c e r o l .  

spite of the fact that the capillary melting point of 
monopalmitin is higher than that of dipalmitin. This 
experiment is a striking example of the effect of the 
fractional crystallization upon the course of the reac- 
tion since not only were the saturated constituents 
almost completely segregated from unsaturated, but 
also they were obtained predominantly in the form 
of diglyceride from a mix which at equilibrium would 
contain as much saturated monoglyceride as saturated 
diglyceride. 

In the case of the experiment recorded in the fifth 
column of Table l I  the calculated equilibrium weight 

ratio for the three saturated glyceridcs is about 1:0.5: 
0.06. With this advantage the saturated mouoglyccr- 
ide evidently is the first to crystallize and continues 
to crystallize in nearly pure form throughout the 
cycle. 

The general method described is patented (8). Ap- 
plication of the method to synthetic mixtures of pure 
glycerides to provide a convenient way to prepare 
pure monoglycerides and diglycerides will be de- 
scribed in another paper from this laboratory. 

Summary 

Directed interesterification, in which ester-ester in- 
terchange is carried out in triglyceride mixtures with 
simultaneous crystallization of solid glycerides, has 
been applied to gtyeeride mixtures containing free 
hydroxyl groups. Solid glycerides precipitated from 
cottonseed oil with added glycerol were principally 
saturated diglyccrides or saturated monog]yceridcs. 

The principal variables controlling the kind and 
proportion of solid precipitated during reaction from 
glyeerides of a given original composition are the 
proportion of frec alcohol groups, the time-tempera- 
ture schedlfle for the reaction, and the method of 
seeding, if any, used to start the crystallization. The 
method makes it possible to segregate the high-melt- 
ing and low-melting fat ty acids of a fat  practically 
completely into separate ester fractions. 
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