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Castor Polyols for Urcthane Foams 
A. EHRLICH, M. K. SMITH, T. C. PATTON, The Baker Castor Oil Company, Bayonne, New Jersey 

T 
HE CHARACTERISTIC REACTION Of the isoeyanate 
group is that of addition with compounds con- 
tai13iug reactive hydrogen groups. In a typical 

reaction the reactive hydrogen atom migrates to the 
ni trogen of the isocyanate group, and the remainder  
of the reacting molecule attaches itself to the carbon 
atom of the isoeyanate group. For  example, an isocy- 
anate eomponnd and the reactive hydrogen of an al to ,  
hol react to give a urethane.  

R - O H  + I ~ ' - N C O  - - - - - -+  R ' - N H - C O O R  

Similar ly a di-isocyanate and a polyol react to give 
a polymeric urethanc or a polyure thane;  the terminal  
groups of the end-product  are determined by the rela- 
tive proport ions of the reacting components. 

n H O - R - - O H  + n O C N - R ' - N C O  > 
( - O C N H - R ' - N H - C O O - R - O - )  n 

A polyurethane,  under  the influence of such a cata- 
lyst  as an alkylamine and in the presence of excess 
isocyanate groups, can be caused to react at the ure- 
thane linkages to give a polymeric material .  

In  the product ion of a urethane foam, advantage 
is taken of the above reactions as well as the reaction 
of an isocyanate with water. Wate r  reacts with an 
isocyanate to form an intermediate unstable carbamic 
acid which breaks down into carbon dioxide gas and 
an amine. 

RNCO + H20 --+ ( R - N t I - C O O H )  -+ 
C0~I' + RNH.o 

The gas expands the viscous polymer  to form the 
urethane foam while the amine reacts with more iso- 
cyanate to form ureas which fu r the r  cross-link the 
expanding urethane. 

RNH2 + R 'NCO - - - ~  R ' - N H - C O - N H - R  

A recent commercial technical bulletin (1) has 
listed some 25 castor-based polyols as suitable for  
s tudy in p repa r ing  urethane products.  The present  
article reports  on the investigation of some of these 

1 Presented at the Spring Meeting', American Oil Chemists' SoeieD% 
Memphis, Tenn., April 20-23, 1958. 

castor products  as base materials  for  p repa r ing  ure- 
thane foanls. A listing of the castor polyols selected 
for  evaluation, together with associated propert ies  of 
interest  to workers in the field of urethane chemistry, 
is presented in Table I. 

Ninety  per  cent of the combined f a t t y  acids of 
commercial castor oil is ricinoleic acid (12-hydroxy- 
oleic acid).  This high percentage of a single f a t ty  
acid type is unusual  in a natural ly-occurr ing oil. 
Because of its triol s tructure,  castor oil is a most 
sat isfactory raw mater ial  for  urethane reactions even 
though its three secondary hydroxyl  groups, located 
on the 12th carbon atom of 18 carbon acid chains, 
are relat ively slow to react. The t r i funct ional i ty  of 
castor oil contributes toughness to polymer  structures,  
and the long chain f a t t y  acid chain impar ts  flexibility 
and water-resistance. F r o m  this castor oil base-prod- 
uct there can be obtained innumerable derivatives to 
give a wealth of polyols for fu r the r  investigation. 
The castor polyols being evaluated serve to explore 
some of these possibilities. All products  used in 
this investigation were sampled f rom commercial or 
pilot-plant mater ial  and have been processed dur ing 
manufac ture  to give the max imum amount  of desired 
structure.  

Since all of the polyols embraced by this s tudy 
contained one or more secondary (s low-react ing)  
hydroxyl  groups in their  molecule, the prepolymer  
method, ra ther  than  a one-shot method, was chosen as 
the most suitable for  the prepara t ion  of the foams. 
In  the first phase of this s tudy (a pre l iminary  screen- 
ing) an isocyanate to hydroxyl  equivalent ra t io  of 
2.5/1 was tenta t ively  selected for  formulat ion of these 
prepolymers.  This rat io was subsequently adopted 
for all remaining work as being the most satisfactory. 

Prepolymer Preparation 
The following prepara t ion  method, which gives a 

nonshrinking,  semirigid, l ight-weight ure thane  foam, 
i s  typical  of the methods used to prepare  all the pro- 
polymers  used in this evaluation study. Some 305 g. 
of anhydrous  castor oil and 53 g. of epoxidized castor 
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TABLE I 
T y p i c a l  P r o p e r t i e s  of  C a s t o r - B a s e d  P o l y o l s  

VoL 36 

P r o p y l e n e  g l y c o l  m o n o r i e i n o l e a t e  ( F l e x r i c i n  9 )  . . . . . . . . . . . . . . . . . . . . . . .  
P r o p y l e n e  g l y c o l  m o n o - 1 2 - h y d r o x y s t e a r a t e  ( P a r i c i n  9 )  . . . . . . . . . .  
N e o p e n t y l  g l y c o l  d i r i c i n o l e a t e  ( F l e x r i e i n  3 0  ) . . . . . . . . . . . . . . . . . . . . . . . . . .  
R i c i n o l e y l  r i e i n o l e a t e  ( F l e x r i c i n  31) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
D e h y d r a t e d  c a s t o r  o i I  a ( F l e x r i e i n  3 2 )  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
D e h y d r a t e d  c a s t o r  w a x  a ( P a r i c i n  3 2 )  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
A c e t y l a t e d  c a s t o r  o i l  a ( F l e x r i e i n  8 3 )  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
E t h y l e n e  g l y c o l  m o n o r i c i n o l e a t e  ( F l e x r i c i n  1 5 )  . . . . . . . . . . . . . . . . . . . . . . .  
E t h y l e n e  g l y c o l  m o n o 4  2 - h y d r o x y s t e a r a t e  ( P a r i c i n  1 5 )  . . . . . . . . . .  
P o l y e t h y l e n e  g lyco l -2OO n m n o r i c i n o l e a t e  ( F l e x r i c i n  2 0 )  . . . . . . . . . .  
T r i g l y c e r i d e  of  r i c i n o l e i c  a c i d  [ D B  o i l  ( a n h y d r o u s  t y p e )  ] . . . . .  
T r i g l y c e r i d e  of  r i c i n o I e i c  a c i d  ( A A  o i l )  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
T r i g l y c e r i d e  of  r i c i n o l e i c  a c i d  ( C a s t o r  o i l  N o .  3 )  . . . . . . . . . . . . . . . . . . . . .  
T r i g l y c e r i d e  of  1 2 - h y d r o x y s t e a r i c  a c i d  ( C a s t o r  w a x )  . . . . . . . . . . . . . .  
T r i g l y c e r i d e  of  1 2 - h y d r o x y s t e a r i c  a c i d  ( C a s t o r  w a x  N I P - 7 0 ) . .  
E p o x i d i z e d  c a s t o r  o i l  a ( E s t y n o x  3 0 0  b) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
G l y c e r y l  m o n o r i c i n o l e a t e  ( F l e x i r i c i n  1 3 )  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  I 
G l y c e r y l  m o n o - 1 2 - h y d r o x y s t e a r a t e  ( P a r i c i n  1 3  ) . . . . . . . . . . . . . . . . . . . . .  
P e n t a e r y t h r i t o I  t e t r a r i c i n o l e a t e  ( F l e x r i c i n  1 9 )  . . . . . . . . . . . . . . . . . . . . . . .  
t t y d r o x y l a t e d  c a s t o r  o i l  a ( E s t y n o x  3 5 0  ~) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
P e n t a e r y t h r i t o l  m o n o r i e i n o l e a t e  ( F l e x r i c i n  1 7 )  . . . . . . . . . . . . . . . . . . . . . .  

r { V i s c o s i t y  
(n~e~i a" C P / 2 5 ~  

2 2 9 0  
4 M P  5 1 ~  
7 2 5 0  
6 2 0 0  
4 / 390 
3 M P  6 0 ~  
1 4 3 0  
2 +  3 8 0  
3 M P  6 2 ~  
7 1 5 2  
1 6 8 0  

6 8 0  
6 6 0  

i 
§ M P  8 6 ~  

I ~ P  7 0 ~  
2 0 0 0  

4 9 0 0  
M P  6 6 ~  

1 2 7 0 0  
P a s t e  

8 3 6 0 O  

S p e c i f i c  [ 
g r a v i t y  I A c i d  

1 .O0  / 8 . 9  
. 9 3 8  ] 3 . 8  
. 9 1 o  ( 1 
. 9 4 3  ] 4 
. 9 5 7  3 
. 9 6 2  1 
. 9 6 9  5 

1 0 1  !:~ 
. 9 9 6  
. 9 5 9  

. 9 5 9  i . 9 5 7  1 
. 9 9 0  
. 9 7 3  2 . 8  
. 9 8 8  
9 8 5  !:~ 

1 . 0 3  
1 . 9 6 7  

~995 2 2 .9  

V o l a t i l e  
(%) 

. 37  

.3 

.41  

.2 
.2 
.3 
.1 
.5  
.4  
.2 
.02  
.2 
.3 
.1 
.1  
.3 
.2 
.5 
.3 
.1 
.2 

H y d r o x y l  
v a l u e  

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

1V~oI. 
w t .  

( m e a n )  

3 6 0  
3 6 2  
6 6 4  
5 6 2  
9 1 0  
9 1 5  
9 5 0  
3 8 0  
3 8 2  
48O 
9 2 6  
9 2 6  
9 0 0  
9 3 2  
9 3 0  
9 4 5  
4 9 O  
4 9 3  

1 1 9 0  
9 8 0  
6 6 0  

a P a r t i a l l y .  b O x i r a n e  o x y g e n ,  % = 2 . 0 .  c F o r m e r l y  E s t y n o x  5 0 0 .  
A A ,  C a s t o r w a x ,  D B ,  E s t y n o x ,  F l e x r i c i n  a n d  P a r i c i n  a r e  a l l  t r a d e  m a r k s o f  t h e  B a k e r  C a s t o r  0 i l  C o m p a n y .  

N u m b e r  I s o c y -  
a n d  a n a t e  

n a t u r e  of  e q u i v a -  
h y d r o x y l s  l e n t  

2 - 2  ~ 1 8 5  
2 - 2  ~ 1 9 7  
2 2 ~ 3 3 4  
2 - 2  ~ 2 8 9  
2 - 2  ~ 5 3 5  
2 - 2  ~ 5&0 
2 2 ~ 5 2 5  

1 - 1  ~ 1--2 ~ 2 9 4  
1 - 1  ~ 1 2 ~ 2 1 0  
1 - 1 ~  ~ 2 3 4  

3 - 2  ~ 3 4 2  
3 - 2  ~ 3 4 0  
3 - 2  ~ 3 3 8  
3 - 2  ~ 3 5 0  
3 2 ~ 3 4 6  
3 - 2  ~ 2 4 6  

1 - 1  ~ 2 - 2  ~ 1 5 9  
1 - 1  ~ , 2 - 2  ~ 1 7 7  

4 2 ~ 3 2 4  
4--2 ~ 2 3 8  

3 - 1 ~  2 ~ 1 4 3  

oil were charged into a three-neck, one-liter glass 
flask fitted with a stirrer, thermometer, and condenser 
with attached drying tube. Then 242 g. of tolylene 
di-isoeyanate (80/20) 2, as five equal portions, were 
gradually added over a 15-rain. period with moderate 
stirrer agitation until the 2.5 equivalents of tolylene 
di-isoeyanate corresponding to each equivalent of 
charged castor polyol were introduced. After  comple- 
tion of the initial exotherm (15-30 min.) the reactants 
were heated for an hour at 110~ The prepolymer 
which formed was cooled to 65~ and packaged in a 
sealed container (1-quart tin can). 

In  the case of solid castor polyols the material was 
first heated to its melting point, after which the tolyl- 
ene di-isoeyanate was added and the reaction started 
at that temperature. In  those cases where the exo- 
therm started to exceed 100~ the reaction products 
were cooled by immersing the flask and contents in 
cold water until no fur ther  exotherm was noted. The 
reaction mass was then heated to 110~ for an hour. 
This cooling treatment permitted the preparat ion of 
prepolymers which otherwise could not be prepared. 

As a result of the above work it became apparent  
that  some of the polyols could not be used alone in the 
preparat ion of the prepolymer. Hence the s tudy was 

2 D U  P o n t - H y l e n e  TI~I, M o b a y - M o n d u r  T D - 8 0 ,  N a t i o n a l  A n i l i n e - N a e -  
c o n a t e  80 .  

extended to include combination of anhydrous castor 
oil (85%) with  each of the castor-based polyols 
(15%) in turn, with the conditions of prepolymer 
preparation unchanged. This gave a second series of 
prepolymers which were also tested for foam-pro- 
ducing ability. 

Dur ing  the progress of the work it was  further 
discovered that aged (stored) prepolymers in which 
a viscosity increase had occurred gave foams with  
altered physical  properties. Hence it was decided to 
determine whether preparation of the prepolymer at 
a higher temperature might  not duplicate, to some 
extent, the effect of room-temperature aging on end- 
properties. This led t~ a repeat, with selected castor 
polyols, of the first two series of preparations at 130~ 
(as opposed to 110~ to check on the effect of tem- 
perature of polymer preparat ion on polymer and 
foam properties. 

Thus four sets of prepolymers in all were finally 
scheduled and used to prepare foams under standard- 
ized conditions. After  some prel iminary experimenta- 
tion the fol lowing conditions for foam preparation 
were specified. 

Foam Preparation 

One-half gram of dimethyl siloxane fluid 3 was 

a D o w  C o r n i n g  D C  2 0 0  ( 5 0  e p . )  o r  e q u i v a l e n t  s i l i c o n e s .  

T A B L E  I I  
P r o p e r t i e s  of  P r e p o l y m e r s  a n d  F o a m s  O b t a i n e d  W i t h  C a s t o r  P o l y o l s  P r e p a r e d  a t  l l 0 ~  U s i n g  a 2 . 5  N C O / 1  O H  R a t i o  

C o m p r e s s i o n  m o d u l u s  
F o a m  d e n s i t y  

V i s c o s i t y  of 
p r e p o l y m e r  

( p o i s e s  a t  2 5 ~  

P r o p y l e n e  g l y c o l  m o n o r i c i n o l e a t e  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  6 8 2  
P r o p y l e n e  g l y c o l  m o n o - 1 2 - h y d r o x y s t e a r a t e  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  3 , 0 0 0  
N e o p e n t y l  g l y c o l  d i r i c i n o l e a t e  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  7 
R A c i n o l e y l  r i c i n o l e a t e  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  13  
D e h y d r a t e d  c a s t o r  o i l  a . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2 9  
D e h y d r a t e d  h y d r o g e n a t e d  c a s t o r  o i l  a . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 5 9  
A c o t y l a t e d  c a s t o r  o i l  a . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  31  
: E t h y l e n e  g l y c o l  m o n o r i e i n o l e a t e  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 4 6  
E t h y l e n e  g l y c o l  m o n o - 1 2 - h y d r o x y s t e a r a t e  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  F o a m i n g  
P o l y e t h y l e n e  g l y c o l - 2 0 0  m o n o r i c i n o l e a t e  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2 4  
T r i g l y c e r i d e  of  r i c i n o l e i c  a c i d - a n h y d r o u s  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  8 0  
T r i g l y e e r i d e  of  r i c i n o l e i c  a c i d  ( A A )  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  i 8 5  
T r i g l y c e r i d e  of  r i e i n o l e i c  a c i d  ( N o .  3 )  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ] 1 2 0  
T r i g l y c e r i d e  of  1 2 - h y d r o x y s t e a r i c  a c i d  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ] 7 2 0  
T r i g l y c e r i d e  of  1 2 - h y d r o x y s t e a r i c  a c i d  (2 r  . . . . . . . . . . . . . . . . . . . .  ] 5 5 0  
E p o x i d i z e d  c a s t o r  o i l  a . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  G e l a t i o n  
G l y c e r y l  m o n o r i c i n o l e a t e  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  [ 3 , 0 0 0  
G l y c e r y l  m o n o - 1 2 - h y d r o x y s t e a r  a t e  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  F o a m i n g  
P e n t a e r y t h r i t o l  t e t r a r i c i n o l e a t e  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  I F o a m i n g  
H y d r o x y l a t e d  c a s t o r  o i l  a . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  G e l a t i o n  
P e n t a e r y t h r i t o l  m o n o r i c i n o l e a t e  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 0 , 0 0 0 - 4 -  

( l b . ~ I t . s )  

2 .0  
. . . . . . . .  e 
. . . . . . . .  e 
. . . . . . . .  e 

4 . 0  
4.0+ 
2 . 9  
2 . 6  

. . . . . . . .  d 

. . . . . . . .  e 
2 . 9  
2 . 5  
4 . 4  
2 ,5  
2 . 4  

. . . . . . . .  d 
1 . 6  

. . . . . . . .  d 

. . . . . . . .  d 

. . . . . . . .  d 

. . . . . . . .  f 

A r e a  
s h r i n k a g e  

(%) 
0 .0  

e 

. . . . . . . .  e 

e 

1 0 . 0  
3 0 . 0  

7 . 0  
1 0 . 0  

. . . . . . .  d 

e 

1 0 . 0  
1 9 . 0  
2 9 . 0  
1 5 . 0  
2 0 . 0  

d 

1 0 . 0  
d 

. . . . . . . .  d 

. . . . . . . .  d 

. . . . . . . .  f 

O r i g i n a l  

( p . s . i . )  

5 . 0  c 
. . . . . . . .  e 

e 

. . . . . . . .  e 
1 . 5  
6 . 5  
3 . 0  

2 6 . 0  
. . . . . . . .  d 

. . . . . . . .  e 

1 9 . 0  
2 2 . 0  
1 8 . 5  
1 8 . 0  
1 8 . 5  

. . . . . . . .  d 

2 6 . 0  
d 

. . . . . . . .  d 

. . . . . . . .  d 

. . . . . . . .  f 

H u m i d  a g i n g  b 

( p . s . i . )  

. . . . . . . .  e 

. . . . . . . .  e 

. . . . . . . .  e 

1 .5  
3 .5  
2 . 0  

2 1 . 5  c 
. . . . . . . .  d 

. . . . . . . .  e 

1 0 . 0  

1 8 . 0  
1 2 . 8  

. . . . . . . .  d 
1 6 . 0  c 

. . . . . . . .  d 

. . . . . . . .  d 

. . . . . . . .  d 

. . . . . . . .  f 

a P a r t i a l l y .  b T h r e e  w e e k s  a t  7 0 ~  R . H .  c V e r y  b r i t t l e  f o a m s ,  ,1 F o a m i n g  o r  g e l a t i o n  d u r i n g  p r e p o l y m e r  p r e p a r a t i o n  p r e v e n t e d  o b t a i n i n g  
p h y s i c a l  d a t a .  e F o a m  c o l l a p s e s ,  f ~ r i s e o s i t y  p r e v e n t e d  f o a m  p r e p a r a t i o n .  
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Propylene glycol monorieinoleate . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Propylene glycol mono-12-hydroxystearate . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Neopentyl glycol diricinoleate . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Ricinoleyl ricinoleate . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Dehydrated castor oila . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Dehydrated castor wax a . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Acetylated castor oil a . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Ethylene glycol monoricinoleate . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Ethylene glycol mono-12-hydroxystearate . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Triglyceride of ricinoleic acid . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Triglyceride of 12-hydroxystearic acid . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Epoxidized castor oila . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Glyceryl monoricinoleate . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Glyceryl mono-12-hydroxystearate . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Pentaerythritol tetraricinoleate . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
tIydroxylated castor oil a . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Pentaerythritol monoricinoleate . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Viscosity of 
polymer 

(poises at 2 5 ~  

1 9 8  
1 9 6  
1 1 0  

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

8 0  
2 2 1  
3 3 1  
2 9 7  

1 , 3 0 0  
1 9 8  

. . . . . . . .  d 
3 4 0  

F o a m  
density 

Area 
shrinkage 

(tb./#.s) 
5 . 6  
3 . 0  

2 . 9  

. . . . . . . .  e 

3 . 2  
2 . 9  
2 . 7  
3 . 0  
5 . 5  
3 . 5  
3 . 5  

d 

3 . 2  

(%) 
2 5 . 0  

8 . 0  
e 

1 7 . 5  
7 8 . 0  

e 
3 1 . 5  
4 8 . 5  

3 . 5  
1 0 . 0  
2 5 . 0  

0 . 0  
2 0 . 0  

3 . 5  
7 . 8  

d 
1 7 . 8  

Compression modulus 

Original 

( p . s . i . )  

1 8 . 5  
2 1 . 5  

. . . . . . . .  e 

1 4 . 2  

. . . . . . . .  e 

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

. . . . . . . .  d 

2 2 . 0  

Humid aged b 

( p . s . i . )  

1 0 . 5  
1 6 . 5  

. . . . . . . .  c 

1 1 . 0  

. . . . . . . .  e 

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

. . . . . . . .  d 
1 8 . 5  

apartially" b Three weeks at 7 0 ~  R . t t .  e Foam collapses, a Foaming prevented prepolymer preparation. 

hand-mixed into 100 g. of the prepolymer. To this 
mixture were added 4.4 g. of buffered diethylethan- 
olamine 4 together with sufficient additional water to 
react stoichiometrieally with the remaining excess of 
tolylene di-isocyanate. The blend was manual ly  mixed 
to a point where incipient foaming became observable 
(about 45 seconds),  after which it was poured into a 
waxed paper container (3.5 • 6.5 • 4 in.) to foam. 

In each case the prepolymer viscosity was measured, 
and the foams prepared therefrom were tested for 
density, area shrinkage, and compression modulus (the 
latter both before and after humid aging) .  

Results and Discussion 

Table II  gives the properties obtained when each 
castor polyol in turn was used as the sole polyol  
( p r e p o l y m e r  p r e p a r a t i o n  at 110~ Table  III  
gives these same properties when anhydrous castor 
oil was modified in turn with 15% of each of the 
castor polyol  derivatives (prepolymer preparation at 
110~ Tables IV  and V list the results obtained 
for these same series, but with the prepolymer pre- 
pared at a temperature of 130~ 

At  110~ several of the 100% castor polyols gave 
prepolymers which either set to a brittle mass on 
cooling or foamed and/or  gelled during tile prep- 

~Du Pont Isofoam I :  dlethylcthanolamine 4 2  g . ,  3 6 . 5 %  H C 1  2 4  g . ,  
distilled H s O  3 4  g .  (mixture adjusted to a p I - I  o f  9 . 8  • . 1 ;  t t s O  content 
4 9 . 1 % ) .  

TABLE I V  

Properties of Prepolymers and Foams Obtained with Castor Polyols 
Prepared at 130~ Using a 2 . 5  N C O / 1  O H  Ratio 

Propylene glycol 
monorieinoleate . . . . . . . . . . . . . . . . . . . . . .  

Dehydrated castor 
o i l  a . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Acetylated castor 
oil a . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Ethylene glycol 
monoricinoleate . . . . . . . . . . . . . . . . . . . . . .  

Polyethylene glycol 2 0 0 -  
m o n o r i c i n o l e a t e  . . . . . . . . . . . . . . . . . . . . . .  

Triglyceride of ricinoleic 
acid (anhydrous) . . . . . . . . . . . . . . . . . .  

Triglyceride of ricinoleie 
acid ( A A )  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Triglyceride of ricinoleic 
a c i d ( N o .  3 )  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Triglyceride of 12-hydroxy- 
stearic acid . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Viscosity 
of pre- 
polymer 

( p o i " e s  at 
2 5 ~  

2 , 0 8 8  

1 3 5  

1 4 2  

1 , 8 0 0  

3 6 6  

8 1 6  

1 , 2 0 0  

6 , 0 0 0  

. . . . . . . .  c 

9 a m  
de nsity 

(l~ .//t.~) 
)..3 

1.5 

~.3 

2 .6  

2 .3  

3 .7  

4 . 2  

5 . 1  

. . . . . . . .  e 

Area 
shrinkage 

(%) 

0 . 0  

0 . 0  

0 . 0  

0 . 0  

0 . 0  

1 6 . 0  

2 1 . 0  

1 6 . 0  

e 

Compres- 
sion 

modulus 

( p . s . i . )  

2 2 . 0  b 

2 . 2  

1 . 2  

2 3 . 0  b 

2 2 . 0  

1 9 . 0  

1 7 . 0  

2 0 . 0  

. . . . . . . .  c 

a Partially. 
b Very brittle foam. 
e Gelation prevented prepolymer preparation. 

aration stage (epoxidized castor oils, pentaerythritol  
tetraricinoleate, glycerol, and propylene glycol 12-hy- 
droxy monostearates) .  On occasion the same difficulty 
was encountered with ethylene glycol monoricinoleate 
and neopentyl  glycol dirieinoleate. Pentaerythritol  
monoricinoleate gave a prepolymer of such high vis- 
cosity that no foam at all could be prepared. Of 
the prepolymers prepared at 130~ hydrogenated 
castor oil alone gave a product that set to a gel on 
cooling and from which no foam could be prepared. 
In a side experiment where a less refined grade of 
castor oil ( A A  or No. 3) was used, having significant 
moisture and acid contents, in place of anhydrous 
castor oil in preparing the prepolymer at 130~ it 
was found that extreme caution was  necessary to 
prevent the reaction mass from foaming out of the 
kettle. 

Prepolymer Viscosity. Castor-based prepolymers, 
when prepared from a single polyol at 110~ varied 
in viscosity from 7 to 10,000 poises (viscosities meas- 
ured at 25~ with Brookfield Viseometer,  Model 
R V F ) .  When prepared at 130 ~ the viscosities were 
correspondingly higher. In some cases the increase 
was ahnost ten-fold. The use of castor polyols as 
modifiers for the anhydrous castor oil prepolymer 
resulted in an increase in viscosity over the corre- 
sponding straight anhydrous castor oil systenl. Modi- 
fied polyol systems prepared at 130~ were also 
higher in viscosity than their prepolymer counter- 
parts prepared at 110~ In some cases the increase 
was three-fold. 

In general, the viscosity of the prepolymer was 
found to increase with the number of primary and/or  
secondary hydroxyl  groups present in the base polyol. 
The order of viscosities for the modified anhydrous 
castor oil series was found to be quite similar to that 
obtained with the straight castor polyols. It was also 
possible to prepare prepolymers by using castor poly- 
ols which, although unsat isfactory by themselves, 
made acceptable modifiers for anhydrous castor oil. 

The ability of several of the highly  functional  
castor polyols drastically to raise the initial viscosity 
of the castor oil prepolymer suggests their use in 
systems where difficulty is normal ly  encountered in 
obtaining a desirable high viscosity. 

It is interesting that a foam made from a poly- 
ethylene glycol monoricinoleate prepolymer collapsed 
when prepared at 110~ but, when prepared at 
130~ the foam showed no significant shrinkage 



1 5 2  T H E  J O U R N A L  O F  T H 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  V O L .  3 6  

T A B L E  V 

P ro pe r t i e s  of P r e p o l y m e r s  and  F o a m s  Obta ined  f r o m  8 5 %  D B  
Castor  0 i I  and  1 5 %  of Cas tor  Polyol, P r e p a r e d  at  130~ 

U s i n g  a 2.5 N C O / 1  O H  Rat io  

P ropy lene  glycol 
monor ic ino lea te  .................. 

P ropy lene  glycol mono-12- 
h y d r o x y s t e a r a t e  .................. 

D e h y d r a t e d  cas tor  
w a x  a . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Ethy lene  glycol mono-12- 
h y d r o x y s t e a r a t e  .................. 

T r ig lyce r ide  of r ic inole ic  
acid  ..................................... 

T r ig lyce r ide  of 12-hydroxy- 
s~earie ac id  ......................... 

Epoxid ized  cas tor  
oil ........................................ 

Glyceryl  monor ic in-  
oleate ................................... 

P e n t a e r y t h r i t o l  te t ra-  
r ie ino lea te  ........................... 

Pen t ae ry th r i t o l  mono- 
r ic inolea te  ........................ i.. 

Viscos i ty  ] F o a m  
P r ~ : r l Y - -  d e n s i t y  

(poises at I (lb./fe.~) 
25~ 

4 3 4  ] 3 .5  

5 0 4  I 3 .1  

4 1 5  . . . . . . . .  d 

8 1 9  3 .3  

8 1 6  3 . 7  

1 , 0 3 3  3 .9  

5 , 9 2 0  b 

1 , 2 2 4  3 .5  

1 , 2 1 0  3 . 6  

1 , 6 7 2  3 .2  

A r ~  
shr ing-  

a g e  

(%) 

30.0 

21.0  

. . . . . . . .  d 

21.0 

1 6 . 0  

2 1 . 0  

0,0 

16.0 

21.0 

1 6 . 0  

Compres-  
s ion 

modu lus  

(p.s.L ) 

18.0 r 
2 1 . 5  

. . . . . . . .  d 

2 2 . 0  

1 9 . 0  

2 2 . 0  

. . . . . . . .  b 

2 2 . 0  c 

2 4 . 0  

2 4 . 0  

a P a r t i a l l y .  
b V e r y  p o o r  m i x  a n d  v e r y  l o w  r i s e  of f o a m  p r e v e n t e d  t e s t i n g  f o r  

p h y s i c a i  d a t a .  
V e r y  b r i t t l e  f o a m .  

a F o a m  co l l apse s .  

and exhibited good physical properties. Foams pre- 
pared at 130~ f rom propylene and ethylene glycol 
monoricinoleates also showed no shrinkage, but these 
foams tended to be brit t le and extremely friable when 
abraded. This tendency toward embri t t lement  was 
lost on aging the foams for  two weeks at room 
temperature .  

As a second side experiment  a number  of anhy- 
drous castor oil prepolymers  were prepared  in which 
the time and tempera ture  of the reaction were varied 
to determine their  effect on viscosity (F igure  1). 
As expected, a more or less direct relationship was 
found, relat ing the viscosity of the prepolymer  to 
these two variables. 

Indus t r ia l  experience has indicated that  most of the 
useful foams are prepared  f rom prepolymers  which 
have a viscosity fall ing in the range f rom 10 to 500 

I 0 0 0  

9 0 0  -- 

~, 8 o o -  

7 0 0  - -  r 

6 0 0 -  
D. 

~ -  5 0 0  - -  

0 4 0 0  - -  

:300  - -  

2 0 0  - -  

I 0 0  - -  

0 

0 

~ 5 0  ~ O 
- ,,g:g 

/ . - -  o ' - ~  __ 

, ~  y. 

I I I I 
o.s Lo t.5 z.o 

TIME OF PREPARATION (HOURS) 
]i'm. 1. Effect of time and temperature of prepolymer prep- 

aration on the viscosity of the resulting anhydrous castor 
oil/tolylene di-isocyanate prepolymer. 

poises. This finding was confirmed by our laboratory  
experience. I t  also points up the fact  that  caution 
should be exercised when increasing the t empera ture  
of prepolymer  prepara t ion  for  the higher tempera-  
ture  may  well give a finished polymer  having exces- 
sive viscosity for proper  foam preparat ion.  

For  example, in the formulat ion in which the epoxi- 
dized castor oil was used to modify  the anhydrous  
castor oil system, it was found that,  whereas a useful 
prepolymer  could be formed at 110~ (viscosity of 
330 poises), raising the t empera ture  of prepolymer  
prepara t ion  to 130~ produced a prepolymer  so vis- 
cous (5,920 poises) that  it could not be successfully 
foamed by the released carbon dioxide. 

Foam Time. Using the buffered diethylethanola- 
mine as catalyst, foam times for the major  port ion of 
the prepolymers  were found to vary  f rom 25-40 rain., 
with tack-free t ime usually 30 min. longer. The use 
of the following catalysts (1.85 g./100 g. prepoty- 
mer)  appeared  to cause increased shrinkage in cas- 
tor oil-based systems al though they did considerably 
decrease foam time: dimethylamino ethanol, tr iethyl-  
amine, N-methyl  morpholine, t r imethanolamine,  and 
diethanolamine. 

Density. Foam density ranged f rom 2 to 5 lb. / f t .  ~ 
with most foams fal l ing in the lower range. 

Area Shrinkage. Most of the foams prepared  f rom 
prepolynlcrs based on a single castor polyol exhibited 
excessive shrinkage. Foams prepared  f rom anhydrous  
castor oil prepolymers  varied in area shrinkage be- 
tween 5 and 35%, depending on mechanical variables. 
However,  by careful  at tent ion to manual  techniques 
(fast  incorporation, thorough mixing, min imum air  
en t rapment ) ,  it was possible to obtain foams with a 
reproducible shrinkage of 9%. Greater  shrinkage was 
invar iably obtained when AA or No. 3 Castor 0i l  
were used, presumably  because of their  significant 
acidity and volatile content. Excess water,  over stoi- 
chiometrie proportions,  also caused increased shrink- 
age. The incorporation of fine silica (such as Cabot 's  
Cab-O-Sil) to the castor oil prepolyiner  (1.5% on 
weight of prepolymer)  grea t ly  reduced shrinkage. 

The modified castor oil prepolymers  (85% anhy- 
drous castor oi l /15% castor polyol) gave foams with 
significantly reduced shrinkage. Most promising were 
p e n t a e r y t h r i t o l  t e t r a r i e i n o l e a t e ,  propylene glycol-, 
glyeeryl-, and ethylene glycol 12-hydroxy monostea- 
ra tes ;  epoxidized castor oil was outstanding. 

Since the area shrinkage of the formulat ion with 
epoxidized castor oil was nil, it was decided to s tudy  
the effect of variat ions f rom the original conditions. 
Ratio of N C 0 / O H  and effect of excess water  were 
checked. In  those cases where the catalyst  system by 
itself furnished more than the percentage of water  
called for, a reduction in catalyst  with its associated 
water  content was made to meet this condition. As 
can be seen f rom Figure  2, variat ions to either side 
of the original conditions led to a shrinkage condition 
so that  the original 85% anhydrous castor oi l /15% 
epoxidized castor oil blend and the use of theoretical 
water  was evidently optimum. 

Compression Modulus and Humid Aging. All the 
castor polyol foams except par t ia l ly  dehydrated and 
par t ia l ly  acetylated castor oils gave foams with mod- 
ulus values corresponding to semi-rigid foams. The 
lat ter  two gave modulus values corresponding to flex- 
ible foams. A retest  of compression modulus a f te r  
aging for  three weeks at  70~ and 100% relative 
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FIG. 2. Effect on foam shrinkage because of partially sub- 

stituting epoxidized castor oil (Estynox 300) for castor oil 
in the anhydrous castor oil/tolylene di-isocyanate prepolymer 
from which the foam was prepared. 

hunfidity showed, with two notable exceptions, a 10- 
80% loss of compression modulus. The exceptions 
were the two modified castor oil systems containing 
pentaerythr i to l  tetrarieinoleate and epoxidized castor 
oil, respectively, which showed little or no loss of 
compression modulus. There were no significant dif- 
ferences noted in the compression modulus of foams 
prepared  f rom prepolymers  made at either 110 ~ or 
130oc. 

Compression Set. All foams exhibited compression 
set values tha t  were dis turbingly high. While this 
factor  is not too significant for  semi-rigid foams, it is 
impor tan t  for  flexible foams. For  this reason the 
foams given by  par t ia l ly  dehydrated and par t ia l ly  
acetylated castor oils would undoubtedly have to be 
reformulated to provide bet ter  compression set before 
their  flexible propert ies  could be utilized. 

Commercial Application of Castor Polyols to 
Industrial Foams 

The abil i ty of an 85% anhydrous castor oi l /15% 
epoxidized castor oil p repolymer  to give a light- 
weight semi-rigid foam with no shrinkage is of ut-  
most interest. Such interblending of castor polyols in 
the field of polyurethane foams to achieve opt imum 
results suggests that  the use of castor-based materials  
can be great ly  expanded. The specific combination 
given here is believed to be quite sat isfactory in itself 
and deserves investigation by  ure thane chemists. I t  
should be realized however that  different laboratories 
use different techniques, and the formulat ion as it 
stands may  need ad jus tment  to achieve an end-prod- 
uct sa t is factory for  the par t icu lar  equipment  being 
used. 

Control of prepolymer  viscosity is of considerable 
industr ial  importance.  F r o m  the findings reported in 
this paper,  it is evident that  castor polyols can be used 
as modifiers readily to increase prepolymer  viscosity 
to any  required degree, or a l ternately to reduee proc- 
essing t ime  to achieve a given viscosity. The slight 
loss in compression modulus given by  foams modified 
with pentaerythr i to l  tetrarieinoleate and epoxidized 
eastor oil suggest their  evaluation in systems where 

minimum loss of modulus on humid aging is required. 
Also, if moderate  shrinkage of the foam can be tol- 
erated, hydrogenated castor oil can be used as the 
base polyol to give a foam with excellent resistance 
to humid aging. 

The abili ty to prepare  a sat isfactory foam f rom 
polyethylene glycol monoricinoleate by prepar ing  the 
prepolymer  at 130~ ra ther  than 110~ is of more 
than  passing interest, and this technique appears  to 
be applicable to other castor polyols. 

The fas t  reactions given by  several of the castor 
polyols (leading to gelation when used alone) sug- 
gest that  these same materials  be used as modifiers 
for  more sluggish systems where slow increase in 
viscosity is a problem. The larger-molecular-weight 
castor polyols could probably  be substi tuted for  poly- 
ols, such as t r imethylol  propane,  to increase cross- 
l inking in flexible foams, without  adversely affecting 
physical properties.  Pentaeryghri tol  mono- and tetra-  
rieinoleates and glyceryl- and ethylene-glycol i2-hy- 
droxy monostearates and the epoxidized products  are 
recommended for  investigation in this field. 

Test Methods 
Foam Time. The time of mixing the materials  to an 

almost impereeptable collapse is noted at  the top of 
the rising foam. 

Tack-Free Time. The time of mixing the materials  
to the expanded foam can be removed f rom the mold 
without distortion. 

Density. Densi ty was obtained by taking the av- 
erage of four  samples weighed to the nearest  thou- 
sandth of a g ram on an analytical  balance. The foam 
samples were cylindrical, measur ing 1.00 in. in height 
by 2.00 in. in diameter, and were cut f rom cured foam 
(aged 7 days  at  28~ 

Area Shrinkage. Shrinkage was measured in terms 
of the percentage reduction in cross-sectional area of 
the formed foam refer red  to the container dimen- 
sions. The foam cross-sectional area was calculated 
f rom the foam dimensions as measured across the 
bottom (length and width distances were taken across 
the bottom where shrinkage was most evident) .  In  
cases of low shrinkage the foam overflow was cut 
off across the top, and confirming length and width 
measurements  were made across this top area. 

Compression Modulus. A cylindrical sample of 
foam (1 • 2 in. in diameter)  was compressed between 
the pan  of a tr iple-beam laboratory  balance and an 
immovable uppe r  plate. Compression of the sample 
was plotted against  the weight applied to the bal- 
anee pan  over a eompression range of 5% to 6%. 
The average modulus in lb./in. 3 was taken as the 
compression modulus. Fo r  humid aging, the samples 
were kept  at  70~ for 21 days at 100% R.H. in a 
desiccator: 

Compression Set. The set was measured according 
to A.S.T.M. D395-55 Method B. 

Summary 
A systematic investigation of some 21 castor p olyols 

as base mater ia ls  for  p repa r ing  urethane foams was 
carried out. Prepolymers  were prepared  both f rom 
individual  castor polyols and f rom mixtures  of them 
with an anhydrous  castor oil. Foams formed f rom 
these prepolymers  were checked for  shrinkage on 
cure, density, and modulus. 

F rom the wide range of results obtained it is evi- 
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dent that castor polyols can serve as effective urethane 
components. Aside from serving as major polyols for 
reaction with di*isoeyanates, they can also be used as 
modifying polyols a) to speed up prepolymer prep- 
aration, b) to adjust  prepolymer viscosity to any 
required degree, e) to minimize loss of modulus 
ou humid aging, and as cross-linking centers with 
negligible loss of foam modulus. Details covering 

the preparat ion of a nonshrinking, semi-rigid, light- 
weight urethane foam based on an 85% anhydrous 
castor oil/15% epoxidized castor oil mix are outlined 
in the article. 
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Identification of 2-Ethylhexyl Hydrogen Sebacate 
Bis(2-Ethylhexyl) Sebacate Synthetic Oils 
EDWARD B. DISMUKES, Southern Research Institute, Birmingham, Alabama 

in 

E 
STERS Of dibasic earboxylie acids are now used 
as the pr imary component in many synthetic 
oils. One such ester that  is encountered fre- 

quently is bis(2-ethylhexyl) sebaeate. This compound 
is acceptably stable at temperatures below 200~ if 
protected against oxidation with a small anmunt of 
phenothiazine or some other material, tIowever, at 
temperatures above 200~ that are reached in gas- 
turbine lubrication, this sebacate diester is subject 
to appreciable oxidative attack and also pyrolytic 
attack. 

Various products including unspecified acid com- 
pounds are produced when bis(2-ethylhexyl) sebacate 
is oxidized (1, 2). When the diester is pyrolyzed, the 
reaction follows this principal course (2, 3) : 

CaH,~ Ox~ #O /C,H 5 
/CHCH2- O-C(CH2) aC- O-CH~CH N 

C 4H9 C 4H9 

C~Hs~c =CH~ HO?C tO /C2Hs + - - (CHa)sr O- CH~CI-I~. 
C4Hy / "U4H 9 

That is, pyrolysis products are an olefin, 2-ethyl-l-hex- 
ene, and an acid monoester, 2-ethylhexyl hydrogen 
sebaeate. The acid monoester may undergo subse- 
quent decomposition to sebaeie acid and olefin. 

Recently it was necessary to determine whether the 
acid monoester was present in samples of degraded 
bis(2-ethylhexyl) sebaeate oils. Titration of acid was 
not a satisfactory method of identification inasmuch 
as acids other than the acid monoester were present. 
Therefore it was necessary to effect a separation of 
the acid monoester from other components of the oil. 

The simplest means of separating acids from the 
other components seemed at first, to be extraction with 
aqueous sodium hydroxide or other alkali. However 
the sodium salt of the long-chain acid, 2-ethylhexyl 
hydrogen sebaeate, caused a very stable emulsion to 
form, and no satisfactory means of separating the 
water and oil phases could be found. Other sepa- 
ration methods were investigated therefore, and a 
useful procedure was developed by use of organic 
solvent-extraction. 

Procedure 
In their work on the separation of various fatty 

acids Ahrens and Craig (4) successfully used as 
solvents n-heptane and a mixture of aeetonitrile, 
methanol, and acetic acid. In the present work the 
solvent pair Skellysolve C (principally n-heptane) 
and acetonitrile-methanol (a mixture of two volumes 
of aeetonitrile and one volume of methanol) was 
found to be useful as a means of separating bis(2- 
ethylhexyl) sebaeate and its acid monoester. If a 
mixture of the monoester and diester 5s distributed 
between Skellysolve C and acetonitrile-methanol, the 
monoester is contained primarily in the acetonitrile- 
methanol phase and the diester is contained primarily 
in the Skellysolve C phase. 

Based on this difference in distribution properties, 
the following procedure was adopted for separating 
monoester and diester: 

a)  A 15-g. sample  of oil is dissolved in 45 m]. of aeetoni t r i le-  
methanol and extracted with 180 ml. of Skellysolve C. The 
Skellysolve C phase is then discarded. 

b) The acetonitrile-methanol phase is again extracted with a 
four-fold excess of Skellysolve C, and the hydrocarbon phase is 
discarded as before. 

c) The portion of the original oil sample remaining in the 
acetonitrile-methanol phase after the second extraction is re- 
covered by evaporating the solvent. Then this residue is dis- 
solved in Skellysolve C at the approximate concentration of 
0.1 g./ml. For this solution the infrared absorption spectrum 
between 1,600 and 2,000 am.-" is recorded to permit the mono- 
ester to be identified. (See the following section, Spectral 
Interpretation.) 

This procedure has proved satisfactory for isolat- 
ing an appreciable portion of the monoester when it 
is present in the original oil at a concentration of 
approximately 5 mole-percentage. In  order to obtain 
isolation when the concentration is much less, one or 
more additional extraction steps should be added to 
the procedure. 

Discussion 

Spectral Interpretation. In  the infrared spectral 
region, mixtures of the monoester and diester absorb 
at 1,710 era. -~ because of the carboxyl group in the' 
monoester and at 1,740 cm. -1 because of the ester 
groups in both the monoester and diester. Spectra 
are shown in Figure  1 for Skellysolve C solutions 


