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Abstract 
Improved properties of fire retardant urethane 

foams prepared from hypobrominated lard and 
tallow have been obtained by purification of the 
polyols prior to their use. Hypobromination was 
carried out by epoxidation of the glycerides fol- 
lowed by treatment with gaseous HBr. The crude 
derivatives were extracted with acetone and 
separated from unreacted saturates at 5 C. One 
step hypochlorination of glycerides by use of 
acidified sodium hypochlorite has been carried 
out, and subsequent purification of the polyols 
led to minor foam property improvement. Fire 
retardant foams have also been prepared from 
soybean oil and monoolein using both of these 
general methods, although the acetone extraction 
step could be omitted. 

Introduction 
Previous work from this laboratory (1-5) has 

shown that rigid urethane foams can be prepared 
from polyols derived from animal fats. In our most 
recent communication (5) we described the prepara- 
tion and evaluation of flame resistant foams using 
hypohalogenated glycerides as the polyol ingredient. 
Hypohalogenation was achieved either by treatment 
of epoxidized glycerides with HX or by direct addi- 
tion of HOX to the unsaturated fat ty substrate. At 
that time it was suggested that inferior foam prop- 
erties such as lowered compressive strength and high 
percentage of open cells were caused by the presence 
of inert materials. I t  was believed that purification 
of the polyols would lead to subsequent improvement 
in properties. 

We now report that removal of unreacted saturated 
materials from hypobrominated lard and tallow (pre- 
pared by addition of gaseous t tBr  to the epoxide) 
is achieved by cooling an acetone solution of the 
polyol. The saturates are precipitated at 5 C and 
easily separated. The purified polyols can be isolated 
by evaporation of the acetone and have been used in 
preparation of foams with improved properties. This 
method of purification was unnecessary for hypo- 
brominated soybean oil or monoolein since these sub- 
strates contain lower amounts of saturates. In another 
modification of our previous work, direct addition of 
HOC1 has been carried out more efficiently via 
acidified sodium hypoehlorite rather than from calcium 
hypoehlorite. 

Experimental Procedures 
Materials 

The materials listed were used as received: Lard 
(Armour and Co.), iodine value 57.3 (found);  tal- 

~Presented ~t the AOCS Meeting, Chicago, September 1970. 
2E. Market. Nutr. Res. Div., ARS, USDA. 

715 

low, fancy (Wilson-Martin Chemical Corp.), iodine 
value 51.3 (found) ; soybean oil (alkali bleached and 
refined), iodine value 136.7 (found);  glyceryl mono- 
oleate (Eastman Organic Chemicals), iodine value 
66.4 (found). 

Procedures 
Preparation of Hypohalogenated Glycerides from 

Epoxidized Glycerides: Epoxidized glycerides were 
obtained by treatment of lard, tallow, monoolein or 
soybean oil with peracetic acid using techniques pre- 
viously described (6). Gaseous t tBr  was bubbled 
through the neat epoxides, in a flask equipped with 
a gas inlet tube, stirrer and thermometer. The tem- 
perature was maintained at 40-50 C in order to insure 
liquidity of the reaction mixture. With epoxidized 
soybean oil it was necessary to add chloroform to 
reduce viscosity. When no more HBr  was absorbed 
as evidenced by the escape of hydrogen halide from 
the flask, the mixture was sparged with nitrogen to 

l~Ia. 1. 1, Crude hypobrominated tallow; 2, purified hypo- 
brominated tallow; 3, saturates insoluble in acetone. System 
95% benzene-5% ether. 
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T A B L E  I 

Hypohalogenated Glycerides  

Per cent hydroxyl  

F o u n d  

Per cent halogen 

F o u n d  

Polyol Theory a Crude Pur i f ied  Theory a Crude Pur i f i ed  

Epoxidized la rd  -]- H B r  3.15 3.22 3.46 14.80 13.62 14.76 
Epoxidized tal low -~- H B r  2.88 2.75 2.90 13.51 13.48 14.06 
Epoxidized monoolean -~ 

H B r  11.15 8.67 ..... 16.67 22.13 ........ 
Epoxidized soybean 

oil -]- t t B r  6.02 5.87 ...... 28.28 24.90 ........ 

L a r d  ~- HOC1 3.43 1.22 2.12 7.15 13.88 14.56 
Tallow Jr HOC1 3.11 1.18 1.50 6.48 10,82 11.31 
Monoolein -~ H 0 0 1  12.29 8.38 ...... 8,15 11.30 ........ 
Soybean oil -~ HOCI 7.14 3.15 ...... 14.88 21.65 ........ 

a Based  upon  o r ig ina l  iod ine  value.  

remove excess acid. The crude bromohydrins were 
analyzed for residual oxiranc and unsaturation as 
well as for hydroxyl and halogen content. 

Purification of hypobrominated lard and tallow 
was achieved by dissolving the crude material in 10 
times its weight of acetone and chilling the solution 
to 5 C, filtering off the precipitated solid and evapora- 
tion of the filtrate under reduced pressure. The solid 
material consisted primarily of unreacted saturates 
and displayed no hydroxyl function. In a typical 
extraction of hypobrominated tallow, approximately 
6.7% of the crude polyoI was insoluble in the acetone. 
This method led to no precipitation when applied to 
hypobrominated monoolein or soybean oil, presumably 
because of the absence of appreciable quantities of 
saturated triglycerides. Analytical results, given in 
Table I, show that increases in hydroxyl and halogen 
content were attained by purification of hypo- 
brominated lard and tallow. Figure 1 is a thin layer 
chromatogram of crude and purified hypobrominated 
tallow, and of the saturates removed by acetone 
extraction. 

Direct Hypohalogenation: The general procedure 
used for direct hypochlorination is illustrated with 
tallow. One hundred grams of fancy tallow was 
suspended in 1 liter of water containing 0.5 g of an 
alkylbenzene sulfonate. To this was added 500 ml 
of 0.70 M sodium hypochlorite which had been ad- 
justed to pH 4.7 with glacial acetic acid. The mix- 
ture was stirred at room temperature for 6 hr, the 
water layer removed by decantation and the residue 
extracted with several portions of chloroform. The 
extracts were washed with water until neutral, dried 
with magnesium sulfate and the solvent removed. The 
weight of crude polyol was 106.2 g. 

Hypohalogenation products of lard and tallow were 

purified by the acetone extraction procedure de- 
scribed in the previous section. Once again hypo- 
halogenated monoolein and soybean oil did not lend 
themselves to this method of purification. Analytical 
results are given in Table I. As previously noted (5), 
hypochlorination with HOC1 is less effective than 
use of epoxidized glycerides; it results in lower hy- 
droxyl content and formation of dihalide byproducts. 

Foam Preparation and Test Methads. These were 
similar to methods described previously (5). The 
polyols were adjusted to an equivalent weight of 
120 by addition of triisopropanolamine, and small 
(approximately 25 g) batches of foams were prepared 
and evaluated for density, per cent open cells, com- 
pressive strength and flammability characteristics. 
Results are summarized in Tables II  and III. 

Discussion 

A comparison of properties of foams prepared 
from crude and purified hypobrominated lard and 
tallow (see Table II) reveals that the percentage 
of open cells in the final foam is decreased con- 
siderably when purified polyols are used. This 
lowering of open cell content is accompanied by in- 
creased compressive strength and improved fire 
resistance. Table II  also indicates that foam prop- 
erties comparable to those described above are ob- 
tained when crude polyols derived from hypo- 
brominated soybean oil and monoolein are used. In 
most cases, addition of Sb20a improved the flam- 
mability rating but was accompanied by decreased 
compressive strength. 

On the other hand, Table I I I  shows that purifica- 
tion of hypochlorinated lard and tallow (obtained 
by the direct addition of HOC1) leads to no marked 

T A B L E  I I  

Foams F r o m  Hypobrominated Glycerides 
(Epoxides  -~- t t B r )  

Open Compressive Flam- 
Polyol Addi t ive ,  Density,  cells, stren.gth, inabi l i ty  
source P u r i t y  2 % l b / f t  a % !as1 ratinga 

Epoxidized Crude  ........ 1.98 98.8 14.0 B 
l a rd  4- Sb20s 1.94 98.3 18.5 SE 
H B r  Pur i f i ed  ........ 1.84 16.2 20.0 NB 

Sb20~ 1.94 16.2 20.0 NB 

Epoxidized ....... 1.85 79.4 17.0 B 
tal low ~- Crude Sb20s 1.78 91.6 16.0 SE 
t t B r  1.87 18.7 19.0 SE 

Pur i f ied  Sb~08 1.88 18.0 17.0 NB 

Epoxidized ........ 1.71 14.9 22.0 SE 
soybean oil @ Crude Sb~08 1.70 15.6 18.0 NB 
H B r  

Epoxidized ........ 1.84 16.5 28.0 N B  
monoolein -~ Crude  Sb20s 1.86 18.5 18.5 NB 
H B r  

a B, B u r n i n g ;  SE,  se l f -ex t inguish ing;  I~B, nonburning. 
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TABLE I I I  

Foams From Hypoehlorinated Glycerides 
(Direct Addition of HOC1) 
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Open Compressive Flam- 
PolyoI Additive, Density, cells, stren.gth, abLity 
source Pur i ty  2 % lb/f t  8 % psi rat ing a 

Lard  -4- Crude ........ 2.13 99.1 9.0 B 
I-I0 C1 Sb~08 2.28 99.0 7.0 SE 

Purified ........ 2.02 99.1 8.0 B 
Sb~03 1.96 99.0 8.0 SE 

Tallow ~ Crude ........ 2.26 97.8 5.0 B 
HOC1 Sb~0a 2.53 97.0 7.0 B 

Purified ........ 3.24 98.0 14.5 B 
Sb20.~ 3.34 98.3 12.5 SE 

Soybean oil -~ Crude ........ 1.68 29.2 15.0 B 
tt0C1 Sbe03 1.66 36.9 15.0 NB 

~onoolein -}- Crude ........ 1.85 16.6 25.0 B 
HOC1 Sb~03 1.78 17.7 19.0 NB 

a B, Burn ing;  SE, self-extinguishing; NB, nonburning. 

lowering in per cent open cells, although some im- 
provement in compressive strength and flammability 
rating is effected. Once more, foams prepared from 
crude hypochlorinated soybean oil and monoolein 
were comparable in properties to those obtained from 
purified lard and tallow hypochlorites. 

In general, comparison of foam properties given in 
Tables II  and I I I  show that superior foams are 
obtained from hypohalogenated polyols prepared by 
reaction of HBr with epoxides rather than by direct 
HOCi addition. Apparently purer polyols are ob- 
tainable by the two-step synthesis, and this is borne 
out by the analytical data presented in Table I. 
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