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Abstract 
Solvent-blown rigid urethane foams prepared  

f rom a low-cost polyol mixture  composed of raw 
castor oil and tr i isopropanolamine have been de- 
scribed. Foams with higher compressive strengths 
can be obtained by subst i tut ing oxidized (blown) 
castor oil for  the raw castor oil in formulat ions 
of this type. 

The propert ies  of rigid foams prepared  f rom 
several commercial blown castor oils are described. 
The propert ies  of these foams are correlated with 
the degree of oxidation of the blown oils used, 
as indicated by their  oxygen content, density, 
viscosity, and refract ive index. Removal  of acid 
f rom blown oils having high acid values has no 
significant effect on the compressive s trength of 
foams p repa red  f rom these oils. 

When blown castor oil is used instead of raw 
castor oil, less isocyanate is required to produce 
a urethane foam of specified density and compres- 
sive strength. 

Introduction 

T HE PRODUCTION and use of rigid polyurethane 
foamed plastics has increased rap id ly  in the past  

decade and is expected to increase even more rap id ly  
in the next few years. This rigid foam is used chiefly 
as an insulat ing material ,  in s t ructura l  panels, and 
in flotation equipment.  

The pr incipal  reaction involved in the prepara t ion  
of rigid urethane foams is that  between isoeyanates 
and hydroxy  compounds to form urethanes.  
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The most commonly used isocyanate is toluene di- 
isoeyanate but many  polyhydroxy compounds (or 
polyols), containing three to eight hydroxyl  groups 
per molecule, are used. Castor oil is one of the tri- 
hydroxy compounds which may be included in the 
polyol. The use of a difunctional  isoeyanate plus a 
polyfunct ional  hydroxy compound yields a highly 
erosslinked polyurethane polymer.  This reaction is 
exothermic, and in solvent-blown foams the heat  gen- 
erated is used to vaporize a dissolved low-boiling sol- 
vent, such as trichlorofluoromcthane, which expands 
the plastic to a foam while it is being formed. 

In  this work, a two step procedure was used. This 
is known to yield superior rigid foams in many  cases. 
A prepolymer  was first p repared  f rom all of the iso- 
cyanate plus a port ion of the polyol. This prepolymer  
was then reacted with the remainder  of the polyol, 
in the presence of the blowing agent  and other addi- 
tives, to produce a foamed plastic. 

The prepara t ion  of solvent-blown rigid urethane 
foams f rom low-cost castor oil-tri isopropanolamine 
polyol mixtures  has been reported (1).  The present  
paper  is COllcerned with an investigation of the effect 
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T A B L E  I 

Cas tor  O i l - - T r i i s o p r o p a n o l a m i n e  Polyol  Mix tu res  

Equ iv .  we igh t  [ 
of polyol I 
m i x t u r e  _ .  % 

100 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  120  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  / 4 3 . 1 - 4 4 . 9  
5 6 . 0 - 5 8 . 0  

140  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  [ 6 5 . 0 - 6 7 . 6  

Polyol composi t ion a 

Cas tor  oil 
( r a w  or  b lown)  T r i i s o p r o p a n o l a m i n e  

% 
5 6 . 9 - 5 5 . 1  
4 4 . 0 - 4 2 . 0  
3 5 . 0 - 3 2 . 4  

a R a n g e  of composi t ion due  to v a r i a t i o n  in equ iva len t  we igh t  of cas tor  
oil samples  (see Tab le  I I ) .  

on the propert ies  of these foams of subst i tut ing blown 
or oxidized castor oil for raw castor oil. 

Test Methods 
Blocks 4 x 4 x 11 in. cut f rom 250 g batches of foam 

were used for  the determinat ion of thermal  conduc- 
tivity. All other tests were run  on 1 in. high x 1.5 in. 
diam pellets cut parallel  to the direction of foam rise 
f rom 10 g batches of foam. 

Density. The procedure of ASTM D 1622-59T was 
used. 

Compressive Strength. The procedure of ASTM D 
1621-59T was used except that  the cross-sectional 
area of the test specimens was 1.768 in. 2 All compres- 
sive strengths are reduced, by means of the empirical  
relationship described previously (2), to those of a 
foam with a density of 2 lb / f t ,  a 

Humid Aging. Sample volumes were measured be- 
fore and af ter  aging over water  in a desiccator for 
14 days at 70C. 

Per Cent Closed Cells. The method of Remington 
and Par iser  (3) was used except tha t  displacement 
volumes were determined with a Beckman Model 930 
Air  Comparison Pyenometer  using the modified 0.5-1.0 
atmosphere procedure. This procedure is similar to 
that  reported recently by Rice and Nunez (4). 

Thermal Conductivity. The P i t t sburgh  Corning 
Thermal  Conduct ivi ty Probe (5), manufac tu red  by 
Custom Scientific Ins t ruments  Co., was used. 

Experimental and Discussion 
To prepare  the prepolymer,  a mixture  containing 

78% toluene diisoeyanate (80% 2,4-isomer; 20% 2,6- 

T A B L E  I I  
Cas tor  O i l s - - R a w  and  B l o w n  

Cas tor  
oil a 

R a w  ... . . . . . . . . . . . . .  
B lown  No. 1 .... 
B l o w n  No. 2 .... 
B l o w n  No. 3 .... 
B l o w n  No. 4 .... 
B l o w n  No. 5 .... 
B l o w n  No. 6 .... 
B l o w n  No. 7 .... 
B lown  No. 8 .... 

Oxygen Dens i ty  
conten t  ~ deh/~ 

% 
15.2  0 .9601  
15.8  0 . 9 6 6 8  
16 .6  0 .9759  
17.2 0 . 9 9 2 4  
18.1  0 . 9 9 5 6  
18.7  1 . 0 1 2 6  
19 .4  1 . 0 1 5 6  
19.7  1 .0162  
19 .7  1 .0178  

Viscosity 
a t  25C 
(Brook-  
field) 

poise 

l O  
17 
36 
47 

660  
295  
228  
202 

R e f r a c -  
t ive  

index  
,5 

nl) 

1 . 4775  
1 .4780  
1 .4786  
1 .4811  
1 .4800  
1 .4838  
1 .4832  
1 .4825  
1 ,4821  

Acid 
Value c 

1 
4 
9 
9 

16 
14 
18 
21 
25 

OH 
va lue  d 

164  
168  
136  
150 
158 
140 
144  
150 
143 

23 

B l o w n  No. 1 - - P a l e  170 0 i l - - - B a k e r  Castor  Oil Co. 
B l o w n  No. 2 - - K  0 i l - - B a k e r  Cas tor  0 i l  Co. 
B lown  No. 3 - - P r e p a r e d  by bubb l i ng  a r a p i d  s t rea ln  of a i r  t h r o u g h  

r a w  cas tor  oil for  4 h r  a t  175C.  
B l o w n  No. 4 - - B l o w n  Z - 2 - - P a c i f i c  Vege tab le  Oil Co. 
B l o w n  No. 5 - - 0 X - 5 0  O i l - - S p e n c e r  Kellogg.  
B l o w n  No. 6 - - 1 5  0 i l - - B a k e r  Cas tor  Oil  Co. 
B l o w n  No. 7 - - P a l e  16 O i l - - B a k e r  Cas tor  Oil Co. 
B l o w n  No. 8 - - B l o w n  Z-6 H A - - P a c i f i c  Vegetable  Oil Co. 

b l 0 0 - -  ( % C +  % I t ) .  
" AOCS method.  
a A c e t y l a t i o n  in  py r id ine ,  20 h r / R T  ( 6 ) .  
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isomer) and 22% Atlas G-2408 (adduet  of sorbitol 
and propylene oxide with OH value of 574) was 
heated under  nitrogen for 1 hr at 75C. This prepoly- 
mer had a viscosity at 25C of 8,000-10,000 cps and an 
isocyanate content of 27.5-28.0%. 

Castor oil and triisopropanolamine were mixed to 
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compressive strength o f  foam. 

T A B L E  I I I  

Compar i son  of Foa m s  f rom R a w  a n d  B lown  Cas to r  Oil 

F o a m  p rope r t i e s  

Polyol  Castor  Comp, I amid  �9 T h e r m a l  
equiv,  oil in Den-  s t r e n g t h  Closed ~inF c onduc t i v i t y  
we igh t  polyot "~ s i ty  ( a t  dens.  : cells (3 da~'~s/ ( a f t e r  14 

2.0 ) 0C) days )  b 

lb/fta psi % A o1., % K 
100 r a w  2.1 43 88 [-20 0.16 
100 blown No. 7 2.0 50 89 ~28 0.16 
120 r a w  2.1 32 89 F-3 ...... 
120 blown No. 7 2.1 46 90 72 0.17 
140 r a w  2.7 18 89 0 ...... 
140 blown No. 7 2.4 35 91 -4 0.17 

a Polyol composed of m i x t u r e  of cas to r  oil and t r i i s o p r o p a n o l a m i n e .  
P r o p e r t i e s  of cas to r  oils used  are  l is ted in Table  I1,  

b I n i t i a l  K va lues  w e r e  0 . 0 1 - 0 . 0 2  u n i t s  lower.  

obtain polyols with equivalent weights of 100, 120 and 
140 (Table I ) .  The properties of the castor oil sam- 
ples used in these polyol mixtures are shown in Table 
II. The blown castor oils were numbered from 1-8 
in the order of their increasing degree of oxidation 
as measured by their oxygen contents. The densities, 
viscosities, refractive indices and acid values increase 
generally with increasing oxygen content. The hy- 
droxyl values are unrelated to oxygen content. 

Foams were prepared by adding a polyol solution 
containing the catalysts to a prepotymer solution con- 
taining the blowing agent and surfactant.  This mix- 
tare  was stirred rapidly for about 20 sec and allowed 
to foam in an open top container. One equivalent of 
polyol was used for each equivalent of isocyanate in 
the prepolymer. The concentrations of the additives 
used are listed below. 

P a r t s  p e r  
1 0 0  p a r t s  
p o l y m e r  

C a t a l y s t s  : 
t r i e t h y l e n e d i a m i n e  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0 .6  
s t a n n o u s  o c t o a t e  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0 . 0 1 - 0 . 0 5  

B l o w i n g  a g e n t :  CC13F . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  16  
S u r f a c t a n t  : 

s i l i c o n e  ( U n i o n  C a r b i d e  L - 5 2 0 )  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 , 0 - 1 , 5  

The strength of these foams was found to increase 
with an increase in the oxygen content of the castor 
oil used in the polyol (Fig. 1). The first point on the 
left of each curve is for raw or unblown castor oil .  
I t  can be seen that  foams from some of the more 
highly oxidized oils are as strong as foams prepared 
from a raw castor oil potyol mixture with an equiva- 
lent weight 20 units lower. The advantage of prepar- 
ing foams from a higher equivalent weight polyol is 
that  more of the low cost castor oil is used and less 
of the expensive isocyanate is required. 

The compressive strength of these foams may also 
be correlated with the density (Fig.  2), viscosity, and 
refractive index of the castor oil (raw or blown) used 
in the polyol component, since these properties of the 

T A B L E  I V  

M a t e r i a l  C~)mposition of F o a m s  a 

Mate r i a l s  

Castor oil in polyol b 

P r e p o l y m e r  component" 
toluene diisocyanate .............................. 
(~-2408 (At l a s )  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

CChF .......................... , .......................... , 
L-520 sil icone 
( U n i o n  Carb ide )  ..... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  I 

Polyol  componen t  : I 
ca s to r  oil . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  I 
t r i i s o p r o p a n o l a m i n e  .............................. ] 
t r i e t h y l e n e d i a m i n e  ...... . . . . . . . . . . . . . . . . . . . . .  ...... [ 
s t a n n o u s  octoate  ...... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  / 

a P r o p e r t i e s  of foams  l isted in Table  I I I .  

R a w  

p a r t s  by wt  
46.9 
13.3 
16,0 

1.5 

17,3 
22.5 

0,6 
0.01 

118.1 

i00 

Blown  No. 7 

p a r t s  by  wt  
46,9 
13.3 
16.0 

1,5 

17.4 
22,4 

0.6 
:: 0.01 

118.1 
. 

E q u i v a l e n t  weigh t  of polyol 

120 

R a w  

p a r t s  by  wt  
43 .6  
12.3 
16.0 

1.5 

25 ,0  
19.1 

0.6 
0,01 

118.1 

Blown No. 7 

p a r t s  by  wt 
43.6 
12.3 
16.0 

1.5 

25.2 
18.9 

0.6 
0.01 

118.1 

R a w  

p a r t s  by wt  
40 ,6  
11,4 
16.0 

1.5 

31.9 
16.1 

0.6 
0.05 

118.1 

140 

Blown No. 7 

p a r t s  by wt  
40.6 
11.4 
16.0 

1.5 

32.1 
15.9 

0.6 
0.05 

118.1 

b P r o p e r t i e s  of cas to r  oils l i s ted in Table  I I .  
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T A B L E  V 

Effect  of Acid R.emoval f rom Oil on the Compress ive  S t r e n g t h  of Foams  

Blown e as tor  oil in polyol '~ E q u i v a l e n t  we igh t  of polyol b 

Oil No. 

6 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

6 Deacidif ied r ............... 
7 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

7 Deacidif ied e ............... 

Acid value  

18 
6 

21 
4 

_10o ] i 
Compress ive  s t r eng th  of foam, psi 

53 
46 
50 
46 

41 
41 
46 
42 

31 
36 
35 
33 

~' See Table  I I. 
~ 'Polyols composed of mix tu re s  of oils and  t r i i s op ropano l amine .  
e Blowrt cas tor  oil (200 g) in 700 ml 6 /1  M e O H / t e t r a h . y d r o f u r a n  

was  passed  t h r o u g h  column of about  200 g r)owex 1 x 8 in. OH-  form.  
Column was  r insed  wi th  about  300 mI of 6 /1  M e O K / T H F .  Solvent  
was removed  f rom combined  e luates  on r o t a r y  evapora to r .  

oil generally increase with increasing degree of oxida- 
tion. 

A detailed compariso,~ of the properties of foams 
prepared from raw castor oil and a highly oxidized 
castor oil is shown in Table IIr.. At each equivalent 
weight level, the compressive strength of the blown 
oil foam is higher than that of the raw oil foam. Also, 
the difference in stre~gth of the two types of foam 
increases as the potyot equivalent weight is in.creased. 
The bIown-()il and raw-oil foams do not differ sig- 
nificantly in the other properties n~easured. The over- 
all composition of these foams is given in Table IV. 

The increased strength of foams prepared from 
oxidized castor oil may be due to increased hydrogen 

bonding between urethane groups and the oxygen- 
containing groups (;>C=O, - O H )  formed during 
oxidation, or to increased functionality of the oxidized 
oils. The possibility that the increased strength of 
these foams was due to the higher free acid content 
of the blown oils was investigated. These acids would, 
on reaction with isoeyanates, produce a higher con- 
tent of urea and amide groups, which are known to 
reinforce urethane polymers (7). Most of the free 
acid was removed from two samples of blown castor 
oil by means of a strongly basic, anion exchange resin. 
Foams were then prepared from these deaeidified oils 
and compared with foams prepared from the original 
oils (Table V). Use of the deacidified oils did not 
cause any significant change in foam properties. 
Therefore, the increased strength of these foams is 
not due just to the higher free acid content of the 
blown oils. 
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Copolymerization of Methyl Esters of 

Unsaturated Fatty Acids * 
F. R. MAYO and CONSTANCE W. GOULD, Stanford Research Institute, Menlo Park, California 
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Abstract 
in order to assay the possibilities of making 

high polymers from linseed oil, the eopolymeriza- 
tions of styrene with the methyl esters of oleie, 
linoleie, linolenic, and conjugated linolenie acids 
were studied at 60-130C and eopolymerizations of 
the last three esters with acrylonitrile were stud- 
ied at 60C. Appropriate free radical initiators 
were employed in all cases. The esters without 
conjugated unsaturation show little tendency to 
enter a copolymer with styrene, but eopotymers 
eontaining up to 40% by weight of conjugated 
linoleate can be obtained. I,inoleic, linolenic, and 
conjugated linoleie esters copolymerize readily 
with aerylonitrile. Products containing up to 
45 mole %, 80 wt %, of the conjugated ester can 
be made. However, methyl eleostearate, with 
three conjugated double bonds, inhibits tee poly- 
merization of both styrene and acrylonitrile. 
Quantitative comparisons of the behaviors of 
the esters are made through the copolymerization 
equation. The probable perforraanee of these and 
other vinyl monomers in copolymerizatio~ with 
linseed oil is diseussed. 

Introduction 

T HE W'OlgK reported here is a portion of that carried 
oat under Contract No. 12-14-100-450.5 (71) with 

the USDA, directed toward the utilization of lin- 

P r e s e n t e d  at  the  S y m p o s i u m  on Recen t  Adva.nees in D r y i n g  Oil 
Chemis t ry ,  Div is ion  of Organ ic  Coat ings  and  P las t i c s  Chemis t ry ,  Am. 
Chem, Soc. mee t ing  in W a s h i n g t o n ,  1962.  

seed oil in emulsion paints. Since linseed oil is 
unsuitable for use directly in emulsion, ~and since 
it does not give a high polymer by itself (except on 
drying with oxygen), an ultimate objective was to 
copolymerize linseed oil with some vinyl monomer 
to make a high molecular weight copolymer. In 
order to determine the relative reaetivities of the 
various unsaturated groupings in linseed oil toward 
polymerizing radicals, the individual methyl esters 
of Cls unsaturated fatty acids were examined in 
bulk or solution copolymerization with free radical 
initiators. 

Review of the literature brought out the following 
points. Almost all the eopolymerization studies in- 
volving unsaturated fatty esters involved styrene. 
Since the unconjugated fatty acid residues are unre- 
active in copolymerization with styrene below 100C, 
higher temperatures were usually employed. Here 
the free radical copolymerization is complicated by 
the non-radical or Did>Alder  dimerization of the 
fatty acid residues, and literature data cannot be 
interpreted quantitatively. Only one paper was sus- 
ceptible to quantitative treatment. Harrison and Tol- 
berg (1) studied the copolymerization of styrene 
with methyl esters of Cxs fatty acids. Their quanti- 
tative results extend the previous semi-quantitative 
eonehsions of Hewitt and Armitage (2). 

Harrison and Tolberg separated each eopolymer 
from monomer by a tested procedure, and analyzed 
separately for carboxymethyl and benzoate groups  
by infrared. Their results are summarized i n  Table 
1. As they point out, the rates of polymerization 


