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FIG. 6. Chromatogram of a mixture of isomeric sodium 
phenyl-n-decane sulfonates on charcoal using methanol con- 
ta ining 8% benzene, 1% ammonia,  2% water.  Four  of the 
possible five isomers are resolved. 

Fig. 5 shows the chromatography of a synthetic 
mixture of three alkyl sulfates which could be com- 
pletely resolved and the presence of impurities indi- 
cated. I t  is clear, however, that  if impurities in the 
linear C1~ surfaetant  were to be determined, a better 
solvent, i.e., one containing more benzene, should be 
used. 

Fig. 6 shows the chronlatogram of 3.11 rag. of a 
synthetic mixture of n-C10 alkyl benzene sulfonates. 
Twenty-eAglet per cent of the mixture had the benzene 
ring attached to the terminal carbon atom, and formed 
the last peak. Seventy-two per cent of the mixture 
that was formed by the other isomers and three of 
these are clearly resolved. The total recovery was 
96%. 
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FI~. 7. Chromatograms of l-rag, samples of two commercial 

sodium 4odecyl benzene sulfonates on charcoal ~sing methanol 
containing 4% benzene, lq'c ammonia,  and 2% water. 

Fig. 7 shows the chromatograms of l-rag, samples 
of two different conmlercial alkyl benzene sulfonates. 
Since exactly the same analytical technique was used 
in both runs, it is clear not only that they are quite 
different in conlposition, but also that one is much 
more complex than the other. 
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Solvent-Blown, Rigid Urethane 

Castor Oil-Polyol Mixtures 1 

Foams from Low Cost 

C. K. LYON, VILMA H. GARRETT and L. A. GOLD BLATT, Western Regional 
Research Laboratory," Albany, California 

The preparation of solvent-blown rigid urethane foams 
from low cost castor oil-polyol mixtures was investigated. 
Solutions of triisopropanolamine, and of mixtures of tri- 
isopropanolamine and trietbanolamine in castor oil, were 
used as the polyol component of these foams. Foams were 
prepared by reacting these polyol mixtures, in the presence 
of catalyst, surfactant, and triehlorofluoromethane, with 
prepolymers prepared from toluenediisoeyanate and certain 
polyether polyols or mixtures of these polyether polyols 
with castor oil. The effect of po]yol and prepolymer com- 
position and blowing agent concentration on such foam 
properties as density and compressive strength was investi- 
gated. The properties of the castor oil-based foams were 
comparable to those of foams obtained from more costly 
polyols. 

i Presented at the Spring Meeting of the American OiI Chemists' 
Society, St. Louis, :Missouri, May 1-3, 1961. 

i laboratory ef the Western Utilization Research and Development 
Division, Agricultural tCesearch Service, U. S. Department of Agriculture. 

R 
IGID URETI-1ANE FOAMS are eelhflar plastics whieh 
are being used in increasing amounts as insulat- 
ing material, in low density structural  panels, 

and in flotation gear such as life rafts and buoys. 
These materials can be foamed in place or in some 
cases sprayed on. 

These foams are polyurethane polymers produced 
by the reaction of polyisocyanates with polyhydroxy 
compounds or polyols as shown in the equation 

NCO 
/ CCl~F T 

R + H O - ~ - O H  ) 
catalyst 

NCO 
O O o [ ,I !l? II / - 

O C X - R - N H - C  - 
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The reaction of isocyanates with polyols is exothermic. 
[n solvent-blown foams, the heat generated is used to 
vaporize a dissolved low boiling solvent which ex- 
pands or blows the plastic to a foam. The solvent 
most commonly used for blowing is triehlorofluorome- 
thane. This boils at about room tempera ture  (24~ 
For  simplicity, only two hydroxyl  groups of the polyol 
are shown in this equation. Actually,  polyols possess- 
ing three or more hydroxyl  groups are used in making 
r igid foams. These addit ional hydroxyl  groups cause 
branching and erosslinking of the polymers. Castor 
oil, which is composed chiefly of glycerol tririeinole- 
ate, is a t r ihydroxy  compound that  has often been 
used for the prepara t ion  of urethane foams (1-5) .  

i t  is often convenient to prepare  the foam in two 
steps and that  is the procedure reported here. A 
prepolymer  was first p repared  f rom toluene diiso- 
cyanate  and par t  of the polyol. This isoeyanate 
terminated prepolymer  was then reacted with the 
remainder  of the polyol to produce a foam. 

The prepara t ion  of strong rigid solvent-blown 
foams from mixtures of castor based polyols and 
some low molecular weight polyols such as t r imethyl-  
olpropane has been described (6). These foams have 
good propert ies  but are slightly more expensive, at 
present, than competitive foams made f rom polyether 
polyols. Our present  investigation was concerned 
with the prepara t ion  of solvent-blown rigid urethane 
foams f rom polyols containing castor oil itself ra ther  
than its more expensive derivatives. 

Experimental and Discussion 
The experimental  foams were p repared  by reacting 

an isoeyanate containing prepolymer  with a polyol 
using an isocyanate to hydroxyl  ratio of 1.05. Gen- 
erally the total polymer  weight was 10 g. exclusive 
of the CC13F blowing agent, catalyst, and surfact-  
ant, but larger  samples of some of the bet ter  foams 
were prepared.  For  the 10-g. batches the prepol}mler 
was weighed into a 9-oz. hot drink paper  cup and 
mixed with 0.15 g. silicone surfae tant  (Union Car- 
bide L-520) and 1.6 g. triehlorofluoromethane. To this 
mixture  was added a polyol solution containing the 
catalysts: t r ie thylenediamine (0.06 g.) and stannous 
octoate (0.005 g.). The two solutions were mixed 
rap id ly  with a spatula  for about 15 sec. and then 
allowed to foam in place. Foaming  was complete in 
40' to 60 sec. No serious problems were encountered 
in scaling up  this procedure 10 to 30 fold, but 
the amount  of catalysts used was adjusted to allow 
more time for  mixing and pour ing the foam compo- 
nents. Foam testing was done on cylindrical pellets 
made f rom 1 in. thick horizontal sections cut f rom 
the center of the samples as deseribed previously (6). 

Castor oil, when used as the sole polyol in foams 
of this type,  does not produce sufficient erosslinking 
to yield strong, nonshrinking foams. I t  must  be mixed 
with a lower molecular weight, or more highly func- 
tional, polyol. Mixtures of castor oil with triisopro- 
panolamine were found to be very  suitable. Most 
other low cost, low molecular weight polyols are not 
sufficiently soluble in castor oil. The polyol mixtures  
used in this work are listed in Table I. The average 
compressive s t rength of foams calculated to 2 l b . / f t /  
density is plotted versus average polyol equivalent 
weight. The castor oil content of the polyols used is 
indicated below the eur~,e. The prepolymer  used was 
the same as that  described previously (6) and con- 
tained 10.3% pentaerythr i to l  monoricinoleate, 10.3% 

T A B L E  I 
Castor  O i l -T r i i sop ropano l anune  l)olyol Mix tu res  

Polyol composi t ion 

( ' a s to r  oil ~t 

% 
10.9  
24.9 
35.S 
44.5  
51.6  
57.5  

T r i i sop ropano l -  
a m i n e  

% 
~9.1 
75.1 
64.2 
55.5  
48 .4  
42.5  

A'~ e r a s e  polyol 
equip 'aleut  

weigh t 

70 
80 
90 

100  
110 
120 

:' The  DB g rade  of ( 'astor oil of the B a k e r  Cas tor  Oil Company was 
/lse(|. 

equivalent weight of the polyol mixtures was varied 
from 70 to 120 and castor oil content f rom 11 to 58%. 

The compressive s trengths of foams prepared  f rom 
these polyol mixtures are shown in Fig. 1. Here  the 
t r imethylolpropane and 79.4% toluenediisoeyanate. 
As expected, there was a marked increase in compres- 
sive strength as the equivalent weight of the polyol 
was decreased. 

In  order to obtain lower cost foams, a series of 
lower cost p repa lymers  was prepared  f rom toluene- 
diisoeyanate (80% 2,4- and 20% 2,6-isomers) and 
mixtures of castor oil with a commercial hexol, the 
adduet of sorbitol with six moles of propylene oxide. 
The composition of these prepolymers  is shown in 
Table 1[. Ratios of hexol to castor oil used were: 
1/0, 3/1, 1/1, 0/1. The prel)olymers were all made 
to contain 26% free isoeyanate. The viscosity of 
the prepolymers  increased markedly  with increasing 
bexol content. 

The eompressive s trengths of foams prepared  f rom 
these prepolymers  and the castor-oil tr i isopropanol- 
amine polyol mixtures  are shown in Fig. 2. The (:astor 
oil content of the polyols used is indicated below the 
curves. Curves f rom top to bottom, are for foams pre- 
pared  f rom prepolymers  with hexol to castor oil ratios 
of 1/0, 3//1, 1/1,  and 0/1. ('on~pressive strengths in- 
creased with decreasing polyol equivalent weight and 
also with increasing hexol content of the prepol~ner .  
Foams prepared  f rom the hexol-toluenediisoeyanate 
prepolymer  and polyols with equivalent weights of 
80 or less (represented by the top two points on the 
top eurve of Fig. 2) were somewhat friable or bri t t le  
on the surface. Foams prepared  f rom the castor oil- 
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]~'IG. 1. Effect of average equivalent weight of castor oil- 
triisopropanolamine polyol mixtures on compressive strength 
of foams (calculated to 2 lb . / f t?  density). 
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T A B L E  I I  
Cas tor  OibHexol  P r e p o l y m e r s  (26cff NCO) 

~I exol a /  
cas tor  oil 

ra t io  

1/o 
3 /1  
1 /1  
0 /1  

S [ a Y O N  E T  A L . :  S O I A ' E N T - B L o w N ,  R I G [ I )  I ' R E T H A N E  I ~ O A M '  

Hexo[  

% 
22.6 
19.0 
14.1 

o 

Composi t ion h 

Cas tor  oil TD1 e 

77.4 
74,6 
71.8 
63.2 

V scosity 
at 25~ 

% 
0 
6.4 

14.1 
36.8 

eps. 
100,000 

27.300 
4.100 

180 

a At las  G-2406 (Commerc i a l  addue t  of sorbitol  wi th  moles of pro- 
pylene  ox ide) .  

Componen t s  w e r e  mixed and  hea ted  for  I hr .  at 75~ undm. n i t rogen .  
c Toluene  d i i soeyana te  ( 8 0 %  2,4- and  2 0 %  2 ,6- i somers ) .  
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T A B L E  I I [  
F o a m s  f rom Castor  Oi l -Tr i i sopropano lamine  T r i e t h a n o l a m i n e  Polyols 

( E q u i v a l e n t  W e i g h t  -- 100) 

( 'oml)ress ive  
Polyol eoml)osition s t r enz th  

Calculated at 
Tr ie thanol -  Tr i i sopropanol -  Cas tor  eil dens i ty  of 

amine  a m i n e  2 ll)./ft,. '~ 

% ,>; (~ lb.~in .~ 
0 55,5 44.5 36 

12.8 38,2 49.0 33 
16~5 33.1 50,4 27 
23,7 23,7 52,6 2:3 
30,1 15,1 54,8 18 

toluenediisocyanate prepolymer (represented by the 
bottom curve) were unsatisfactory because of exces- 
sive shrinkage. A good combination of desirable 
properties and low cost is represented by foams in 
the center of the second curve from the top. For  
example a foam prepared from polyol  with an equiv- 
alent weight of  100 and the 3 hexol /1  castor oil pre- 
polymer had fine mfiform cells, had a density of 2.12 
lb./ft. 3, a compressive strength of 37 lb./in. 2, a elo~ed 
cell content" of 95~., and a K factor" at 30~ of 0.15. 

An effort was made to reduce the cost of these foams 
further by using, as the polyol component,  mixtures 
of  triethanolamine, triisopropanolanline, and castor 
oil. Triethanolamine is not sufficiently soluble in cas- 
tor oil to be used without the additional triisopro- 
panolamine to solubilize it. The polyol mixtures,  using 
3 hexol /1  castor oil prepolymer,  and the compres- 
sive strengths of foams obtained from them are shown 
in Table III.  For  a selected polyol equivalent weight 
(in this case 100), increasing the triethanolamine con- 
tent permitted an increase in the castor oil content. 
Since castor oil is the lowest cost component  of the 
mixture this would lower the cost of the foam. Low 
shrinkage, fine celled foams were obtained, but the 
compressive strength decreased somewhat as the tri- 
ethanolamine content was increased. 

The experimental  foams that have been described 
had densities of 2.0 to 2.6 lb./ft .  :~ The compressive 
strengths reported for these foams were those calcu- 
lated for foams with densities of 2.0 lb./ft,  a so that 

a D e t e r m i n e d  by du P o n t  a i r  d i sp lacement  method.  
b T h e r m M  conduc t iv i ty  de t e rmined  with P i t t s b u r g h  Corn in~  T h e r m M  

Conduc t iv i ty  P robe  on 4 in. x 4 in. x 12 in. foam block one day  aftra' 
p r epa ra t ion .  

40[ 
i 

~ 

3c 
c 

g) i 

~D 

• \ 

HgxTi 
Prepolyrner (26%NC0) Cos{or Od F, aho 

o I / o  
x 3 / I  
A [ / I  
r3 0 / I  

% Castor Oil in Polyol 

6o do ,4o ,~o 
Averoge Polyol Equivolerqf Weight 

~ I G .  2. E f f e c t  o f  a v e r a g e  e q u i v a l e n t  w e i g h t  o f  c a s t o r  oi l-  
t r i i s o p r o p a n o l a m i n e  p o l y o l  m i x t u r e s  o n  c o m p r e s s i v e  s t r e n g t h  
o f  f o a m s  ( c a l c u l a t e d  t o  2 l b . / f t .  ~ d e n s i t y )  p r e p a r e d  f r o m  c a s t o r  
o i l - h e x o l - T D 1  p r e p o l y m e r s .  

the foams could be compared on a constant density 
basis. This calculation was made using the previously 
derived (6) empirical relationship between density 
and compressive strength in a given foam system 

s = C d 1-57 
S,d--2~ = S (2 . /d )  1"~'7 

where: d = density in lb./ft.  3 
lb. /nl . -  s = compressive strength in /" 

s,a=2~ = compressive strength of foam with 
density of 2 lb./ft.  3 

The validity of this relatiouship was rechecked on 
foams prepared from a castor oil-triisopropanolamine 
polyol with an equivalent weight of 100 and the 3 
hexol/1 castor oil prepolymer. The anlount of tri- 
chlorofluoromethane blowing agent was varied as 
shown in Table IV to yiehl foams with densities 

TABLE I V  

Effect  of CClaF Content  on Propm' t i es  of F o a m s  P r e p a r e d  f rom 44 .5 '~  
Cas t e r  Oil-55.5g~ T r i i s o p r o p a n o l a m i n e  Polyol 

CCh~F 

))arts per  100 
ports  po lymer  

11 
13 
15 
19 
21 

D e ns i t y  

lb. ft ,  ~ 

3.34 
2.R! 
2.27 
1.91 
1.75 

Compress ive  s t r eng th  

I Calcula ted  
Observed  at  dens i ty  

of 2 l b , / f t )  

lb.~in .o lb.~in.2 

74.2 33.0 
59.1 34,7 
43.1 35.2 
34.3 36.7 
28.7 35.3 

ranging fronl 1.75 to 3.34 lb./ft.  :~ The observed com- 
pressive strengths and the compressive strengths cal- 
culated at a density of 2 lb./ft .  :~ are listed in the last 
two eolunms. The calculated compressive strengths 
are al)proximately constant as predicted by the above 
equation. 

Conclusion 

Strong, low density, rigid soh, ent-blown urethane 
foanls with low thermal couduetivities can be pre- 
pared using as the polyol component low cost mix- 
tures of castor oil. with triisopropanolamine or with 
triisopropanolanline plus triethanolamine. 
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