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Abstract 
A series of urethane foams has been prepared 

using hypohalogenated derivatives of triolein, 
monoolein, lard and tallow as the polyol 
ingredient. Two-step hypohalogenation was 
achieved by epoxidation of the glyceride, followed 
by treatment with HX. One step hypohalogena- 
tion was effected by direct addition of hypo- 
chlorous acid (from calcium hypochlorite) or 
hypobromous acid (from N-bromoacetamide). 
The polyols, which varied from viscous liquids to 
semi-solids, were adjusted in equivalent weight 
with triisopropanolamine. Urethane foams were 
prepared from the adjusted polyols using poly- 
meric polyisocyanate as the isocyanate, triethy- 
lene diamine catalyst and Freon 11 as blowing 
agent. Additional foams were made with 2% 
antimony oxide as an added fire rctardant. Rigid 
foams were obtained from each glyceride polyol. 
Fire retardant properties were measured using a 
modification of ASTM Method DI692-59T. In 
each case, the foams exhibited greater flammabil- 
ity resistance than those obtained from po]yols 
containing no halogen atoms. It  was noted that 
the presence of antimony oxide was necessary in 
order to attain nonburning foams but was accom- 
panied by a lowering of compressive strength. 

Introduction 
The preparation of rigid urethane foams from fatty 

polyols has been the subject of a number of con- 
tributions from this laboratory (1-4). Most recently, 
foams have been prepared from polyols obtained by 
hydration of epoxidized glyeerides (4). Epoxidized 
glycerides including triolein, monoolein and lard were 
hydrated using 24% fluoboric acid as catalyst. The 
resulting polyols were adjusted in equivalent weight 
and were foamed in prepolymcr and one step systems. 
Foam properties were then evaluated; however it was 
noted that all the foams burned readily. 

Because of the growing importance of fire resistant 
urethanes, it was considered desirable to prepare 
polyols having halogen atoms incorporated in the 
molecule. Foams prepared from such derivatives 
would be expected to be less flammable and more 
resistant to oxidation (5). In the work currently 
reported, fat-based polyhydroxy compounds contain- 
ing halogen atoms were obtained by two methods: 

(a) Reaction of epoxidized glycerides with dilute 
hydrobromic or hydrochloric acid. As shown in 
Figure 1, treatment of epoxidized triolein with HX 
should lead to formation of a triol containing three 
halogen atoms. Epoxidized glycerides including tri- 
olein, lard, tallow and monoolein were converted to 
their hypohalogenated derivatives using this scheme. 

(b) Analogous poiyols could be obtained by the 
direct addition of hypochlorous or hypobromous acid 
to the unsaturated glycerides. Hypochlorous acid was 
liberated from calcium hypochlorite by acidification 

1 Presented at the AOOS l~eeting, San Francisco, April 1969. 
2 ARS, USDA. 
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(one  i s o m e r  i l l u s t r a t e d ) .  

with carbon dioxide. Hypobromous acid was prepared 
from N-bromoacetamide by addition of water. 

All of the hypohalogenated glycerides were liquid 
or semisolid and had sufficient hydroxyl functionality 
to make them suitable for urethane foam formation. 
They were adjusted in equivalent weight and used 
in one step systems with polymeric polyisocyanatc 
(PAPI)  as the isocyanate. 

Experimental  Procedures 
The materials listed below were used as received: 

Glyceryl trioleate, over 90% purity (Hormel Insti- 
tute), iodine value 84.8 (found) ; glyceryl monooleate 
(Eastman Organic Chemicals), iodine value 66.4 
ifound) ; lard (Armour and Co.), iodine value 57.3 
(found);  tallow, fancy (Wilson-Martin Chemical 
Corp.), iodine value 51.3 (found);  calcium hypo- 
chlorite, purified, 30-35% available chlorine (J. T. 
Baker Chemical Company); N-bromoacetamide (Al- 
drich Chemical Company), nip ]08-]09 C. 

P r o c e d u r e s  

Preparation of Hypohalogenated Glyce~de~. From 
Epoxidized Glycerides: Glycerides which had been 
epoxidized by peracetic acid using conventional tech- 
niques (6) were dissolved in dioxane, and an excess 
of dilute (24%) HBr or tiC1 was added dropwise 
with stirring. After 1 hr the mixture was diluted 

(Hx 

TABLE I 
Hypohalogenated Glycerides 

Addition to Epoxidized (~lycerides) 

Epoxl- Per  cent Per cent Per  cent 
dized H X  hydroxyl halogen oxirane 
glyc- 
eride Theor. a Found Theor. a Found Initial Resid- ual 

Lard HC1 3.43 3.16 7.15 6.96 3.31 0.07 
t t B r  3.15 3.26 14.80 15.20 3.31 0.02 

Tallow HC1 3.11 3.31 6.48 6.12 2.91 0.06 
I-IBr 2.88 8.13 13.51 9.46 2.91 0.06 

~/Ionoolein HC1 12.29 9.80 8.15 6.69 4.00 0.06 
H B r  11.15 8.93 16.67 15.92 4.00 0.06 

Triolein HCI 4.83 4.54 10.07 10.82 5.09 0.08 
I t B r  4.29 4.13 20.17 18.28 5.09 0.07 

a Based upon original iodine value. 
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T A B L E  I I  
I Iypoha logen~ ted  Glycer ides  
( D i r e c t  Addi t ion  of l - IOX) 

P e r  cent  P e r  cent  Res idua l  
Glyc- } I O : (  hydroxyl  ha logen  iodine  
e r ide  va lue  

Theor .  a F o u n d  Theor .  a F o u n d  

L a r d  I-IO C1 3.43 1.60 7.15 14,30 2.1 
t t O B r  3.15 2.26 14.80 13.42 1.0 

Tal low ttOC1 3.11 2.04 6.48 14.15 1.8 
]-IO B r 2.88 2.48 13.51 12.26 0.6 

5Ionoolein t t O C I  12.29 6.22 8.15 14.28 0.8 
H O B r  11.15 9.59 16.67 16.97 0.4 

Tr io le in  I-IO CI 4.83 2.13 10.07 18.92 3.8 
H O B r  4.29 3.48 20.17 21.62 0.1 

a B a s e d  upon  o r ig ina l  iodine  value .  

with water  and extracted with several small portions 
of chlorofornl. The extracts were washed acid free, 
dried over magnesium sulfate and the solvent re- 
moved. A summary  of the analytical data  obtained 
is given in Table I. 

Direct  Hypohalogenat ion:  The general procedure 
used for  hypoehlorination is i l lustrated with lard. 
F i f t y  grams of lard (0.12 mole of olefinic unsatura-  
tion) was suspended in 1000 ml water  with 0.5 g 
of an alkylbenzenesulfonate and 35.8 g (0.20 mole) 
of calcium hypochlorite dihydrate.  Carbon dioxide 
was bubbled through the stirred mixture  a t  room tem- 
pera ture  for 24 hr. An additional 0.20 mole of 
calcium hypochlorite was added, and the reaction was 
continued for  an  addit ional 12 hr. The mixture  was 
filtered and the precipi tate  extracted with four  100 
ml portions of chloroform. The extracts  were washed 
with 2% sodium bicarbonate, then with water  and 
dried over magnesium sulfate. Removal of the chloro- 
form led to isolation of 54.5 g of product.  

Direct  hypobrominat ion was effeeted by use of N- 
bromoaeetamide and the general procedure is illus- 
t ra ted with lard. F i f t y  grams of lard (0.12 mole of 
olefinic unsatura t ion)  was dissolved in 250 ml dioxane 
and 50 ml water. A solution of 24.8 g (0.18 mole) 
of N-bromoaeetamide in 250 ml dioxane was added 
dropwise with s t i r r ing at  room temperature .  The 
mixture  was stirred 2.0 hr, diluted with water, and 
extracted with four 50 ml portions of chloroform. The 
extracts  were washed with 2% sodium bicarbonate, 
then with water  and dried over magnesium sulfate. 
Removal  of solvent led to isolation of 62.7 g of 
product.  

A summary  of analyt ical  data obtained f rom the 
hypohalogenated glycerides prepared  by direct addi- 
tion of H O X  is given in Table I I .  Pereent  hydroxyl  
found in HOC1 polyols approximated  only half  the 
theoretical, while per cent chlorine was almost double 
the expected amount.  However, the format ion of 
dihalides as by-products  of addition of HOC1 to 
alkenes is commonly observed (7) and would explain 

T A B L E  I I I  
Typ ica l  F u a m  F o r m u l a t i o n  

P e r c e n t a g e  

C o m p o n e n t  Weight ,  ( exclusiVeof 
g b lowing  

a g e n t )  

Polyol (epox., t r io le in  + 
IcIBr ) 5.50 22.53 

Tr i i s .opropanolamine  4.50 18.43 
Sil icone L-520 0.16 0.65 
nabco-33  0.45 1.84 
F r e o n - l l  4.10 
P A P I  13.80 56.53 

the discrepancy in analyses. Per  cent hydroxyl  and 
bromine in H O B r  polyols prepared  by use of N- 
bromoacetamide agreed in general with theoretical 
values. Comparison with Table I indicates tha t  more 
efficient hydroxylat ion was achieved by use of the 
two step process ra ther  than direct addition of 
hypohalous acids. 

Foam Preparation. The hypohalogenated glyceride 
was adjusted to an equivalent weight of 120 by 
addition of tr i isopropanolamine.  Ten grams of the 
polyol mixture  was mixed with a polymeric poly- 
isocyanate ( P A P I ) ,  silicone oil, tr iethylenedianline 
catalyst  (DABCO-33) and blowing agent  ( F r e o n - l l ) .  
A typical  formulat ion is given in Table I I I .  In  
additional formulat ions 2% ant imony oxide was used 
in order to increase fire retardance. 

Test Methods. Density, compressive s t rength (at  
10% compression) and percentage of open cells were 
measured by methods described previously (1). The 
relative f lammabil i ty characteristics of the foams were 
evaluated using ASTM Method D-1692 modified for 
convenience and economy. A small sample 50 mm 
long, 37 mm wide and 13 mm high was marked 10 
mm from each end and was supported upon a metallic 
screen. The lat ter  was clamped horizontally to a r ing 
stand. A microburner,  whose flame height was ad- 
justed so tha t  the uppermost  edge jus t  impinged on 
the sample, was employed as a flame source. The 
flame was brought  into contact with the sample and 
permit ted to remain there for  30 sec or until  the 
flame f ron t  reached the first gauge mark,  and then 
removed. 

I f  no evidence of ignition, such as flame spread 
or progressive glow, was seen a f te r  removal of the 
burner  flame, the sample was rated "nonburning."  
I f  the specimen continued to burn  af ter  removal of 
the flame, a stop watch was star ted when the flame 
f ront  reached the first gauge mark  and stopped when 
the flame f ront  reached the second gauge mark. A 
sample which reached the second gauge mark  was 
rated "burning."  I f  the sample showed evidence of 
ignition and burned upon exposure to the flame but 

T A B L E  I V  
P h y s i c a l  P r o p e r t i e s  of ~ o a m s  ( H X  P r o c e s s )  

Dens i ty ,  Compress ive  Open  B u r n i n g  
Polyol  Addi t ive  s t reng th ,  cells, rate,  R a t i n g  a 
source  lb ' / f t a  P S I  % c m / m i n  

Epoxid ized  
L a r d  H- HC1 
Epoxid ized  
L a r d  q- t I B r  
Epox id ized  
Tal low + tIC1 
Epox id ized  
Tal low J r  H B r  
Epoxid ized  
Monoolein ~- HC1 
Epoxid ized  
Monoolein ~- YIBr 
Epoxid ized  
Tr io le in  ~- H C I  
Epoxid ized  
Tr io le in  q- H B r  

1.84 18.5 79,4 6.7 B 
Sb20a 2.04 17.0 74.9 5.3 SE 

2.10 14.0 95.0 3.8 B 
Sb20s 2.29 11.5 97.4 2.6 SE 

1.78 17.0 25.5 5.6 B 
Sb~0s 1.82 16.5 31.7 4.0 SE 

1.90 20.0 24.6 3.4 B - S E  
Sb~03 1.93 18.0 24.9 2.7 SE 

1.86 14.0 22.7 7.0 B 
Sb~Oa 1.88 12.0 29.3 1.7 N B  

1.88 12.5 28.8 5.6 SE 
SHOO3 1.81 10.0 26.3 0.7 N B  

1.89 28.5 16.7 5.2 B - S E  
Sb~Os 1.89 24.0 17.3 2.5 N B  

1.87 16.0 24.0 4 .7  SE 
8b;Oa 1.86 15.0 21,7 3.2 SE 

B, b u r n i n g ;  SE,  s e l f - ex t ingu i sh ing ,  NB,  n o n b u r n i n g .  
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TABLE u 
Physical Properties of Foams (HO-X Process) 

Density, Compressive Open Burning 
Polyol Additive strength, cells, rate, Rating a 
source lb'/fta P S I  % cm/min 

Lard  + HOC1 

Lard  + t tOBr  

Monoolein + HOCI 

Monoolein + H O B r  

Triolein + HOCI 

Triolein ~ HOBr  

2.14 9.5 99.0 3.3 B 
Sb~Os 2.28 8.5 99.1 1.2 NB 

2.20 7.7 99.1 2.7 B 
Sb,~Os 2.26 6.0 98.0 1.0 NB 

1.59 20.0 16.7 2.2 SE-NB 
Sb~03 1.66 19.0 23.4 1.5 NB 

1.72 15.5 19.5 1.6 NB 
Sb~O3 1.64 13.0 27.2 1.3 NB 

1.77 14.0 99.7 4.1 B 
Sb.~Oa 1.79 11.5 99.9 1.8 NB 

2.00 18.0 30.1 1.O NB 
Sb~O8 1.68 17.0 24.3 0.7 NB 

a B, burning;  SE, self-extinguishing; NB, nonburning. 

did not burn  past  the second gauge mark,  i t  was 
ra ted to be "self-extinguishing." Rate of burning was 
determined and the apparen t  cause for  extinguishing 
was noted. 

This small scale test is only useful to determine 
the relative f lammabil i ty of the materials. This test 
was not intended to measure suitabil i ty for large 
scale application. I t  was economical in tha t  it re- 
quired little time, a small sample and simple 
appara tus .  

Discussion 

A summary  of the physical propert ies of the pre- 
pared  foams is given in Tables I V  and V. Table IV  
illustrates the propert ies  of foams derived f rom 
polyols obtained by  the I I X  process. Densities ranged 
f rom 1.78 to 2.29 lb./f t .  3 In  general, higher com- 
pressive strengths were exhibited by  foams prepared  
using HC1 instead of H B r  and contained a lower 
amount  of open cells. As observed previously (8), the 
presence of ant imony oxide was invar iably  accom- 
panied by lower compressive strengths. 

The propert ies  of foams prepared  f rom one step 
hypohalogenated glycerides are given in Table V. 
Urethanes derived f rom monoolein and triolein were 
comparable to those formed f rom H X  polyols. How- 
ever, foams f rom lard and tallow one step polyols were 
inferior in compressive s t rength to those f rom H X  
polyols. In  fact, foams derived f rom tallow collapsed 
and were consequently not tested or reported in 
Table V. 

I t  is believed tha t  inferior physical propert ies  in 
urethanes are caused by the presence of excessive 
contaminants.  Purification of polyols pr ior  to their  
use should lead to formation of foams with improved 
properties. This approach is current ly  under  in- 
vestigation in our laboratory.  

A summary  of f lammabil i ty test results is included 
in Tables IV  and V. In  all tests per formed no shrink- 
age or curling was evident upon heating, nor was any 
dr ipping  or melt ing observed. Smothering of flame 
by product ion of heavy char was the p r imary  mode of 
extinction. A number  of foams burned  with little or 
no smoke, while others emitted dark,  dense fumes. 
As anticipated, the use of hypohalogenated glycerides 
as polyols led to foams with superior  flammability 
resistance as compared to those p repared  previously 
f rom oxyalkylated dihydroxystear ic  acid or hydra ted  
epoxidized glycerides (4). The lat ter  foams contained 
no halogen and burned completely at  a very rapid  
rate under  conditions of this test. The burning was 
accompanied by  dr ipp ing  and melting. 

Wi th  the foams current ly  reported,  addition of 
an t imony oxide was necessary in order to achieve 
a nonburning rating. In  most cases, the foams from 
H B r  were slower burn ing  than  those f rom HC1 
polyols. Analogous results were also obtained in the 
tIOC1 and H O B r  series. 
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