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ABSTRACT 

Polyols made by reacting trimethylolpropane with 
epoxidized tallow were converted to urethane foams 
by reaction with a polymethylene polyphenylisocy- 
anate in the presence of fluorotrichioromethane. 
Adjusted with triisopropanolamine or an oxyprop- 
ylated triamine to hydroxyl equivalent of either 100 
or 120, the polyols yielded rigid foams of density 
1.5-2.0 lb/ft  3, open cell content 15-19%, and com- 
pressive strength 34-49 psi. These values were supe- 
rior to those of similar foams from hydrated 
epoxidized tallow. Polyols made from epoxidized 
tallow-trimethylolpropane-HBr and adjusted to equiv- 
alent wt of 100 and 120 by triisopropanolamine gave 
foams whose small-scale flammability test samples 
burned less than 20% of their length. At hydroxyl  
equivalent 100, foams had density 1.6-1.8, open cell 
content 20-21%, and compressive strength 34-39 psi; 
in flammability tests burned <20% of length. The 
present foams were stronger than those made earlier 
from solvent-purified hydroxybrominated tallow. 
Formulation with half the normal amount of freon 
gave foams of higher compressive strength but lower 
flame resistance. 

INTRODUCTION 

The preparation of polyols by reaction of epoxidized tal- 
low with trimethylolpropane (TMP) and TMP-HBr has been 
described (1). The polyols are considered as belonging to two 
series, the toluenesulfonic (TA) and hydrobromic acid (TX) 
series, respectively. The present paperreports  on foam form- 
ulations employed and foam properties obtained. As a first 
step, the polyols, in hydroxyl equivalent 257-165 and 
532-243, were blended with either of two hydroxyl-rich 
low mol wt compounds to lower the hydroxyl equivalent to 

Ipresented at the AOCS Meeting, New Orleans, May 1973. 
2ARS, USDA. 

TABLE I 

Adjustment of Equivalent Wt of Polyols 

Percent adjusting agent 
for OH a equivalent of 

Polyol 100 120 100 120 

No. OH no. OH equiv. TIPA a NIAX LA-700 

TA 1 218 257 55 41 --- 52 
TA 2 257 218 51 35 67 46 
TA 3 314 179 46 28 62 38 
TA 4 340 165 44 25 61 --- 
HET b 142 395 59 46 . . . . . .  
TX 1 99 567 61 48 75 60 
TX 2 125 449 60 47 74 58 
TX 3 231 243 53 38 69 45 
HBT c 92 610 --- 51 . . . . . .  

aTIPA = triisopropanolamine and OH = hydroxyl. 
bHET = hydrated epoxidized tallow (unpublished data of this 

laboratory). 
CHBT = hydroxybrominated tallow, purified (Ref. 5). 
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100 or 120, as required for castor oil (2). The present 
polyols, being higher in hydroxyl  content than some 
previous fat-based polyols (3-5) required less of such 
adjuvants. The adjusted polyols were converted to low 
density rigid urethane foams by reaction in a one step 
method with a polymethylene polyphenylisocyanate, fol- 
lowing a standard procedure. The foams from bromine 
containing polyols were tested for fire retardance. The 
effect upon properties of  employing less blowing agent than 
usual also was appraised in both series. 

EXPE RI MENTAL PROCEDUR ES 

The materials listed were used as received: triisopropa- 
nolamine (TIPA) (Union Carbide Corp., New York, N.Y.) 
(OH no. found, 850); NIAX LA 700, an oxypropylated tri- 
amine (Union Carbide Corp.) (OH no. found, 7 10); dabco- 
33-LV, 33% solution of triethylene diamine in dipropylene 
glycol (Houdry Process and Chemical Co., Marcus Hook, 
Pa.); silicone L530 (Union Carbide Corp.); freon 11, fluoro- 
trichloromethane (Matheson Gas Products, New York, 
N.Y.); polymethylene polyphenylisochanate (PAPI) (Up- 
john Co., Kalamazoo, Mich.). 

Procedu res 

Adjustment of  equivalent wt: The equivalent wt of both 
series of  fat-based polyols were adjusted to 100 and 120 by 
incorporation of required amounts of TIPA or NIAX 
LA-700. The proportions used are given in Table I. 

Formulation and testing: The adjusted polyols were 
converted into urethane foams by a one-step process 
described previously (3-5). A typical formulation is shown 
in Table II. 

Each formulation was mixed in a paper cup by an 
electric drill-driven impellor. The resulting foams were 
stored for 1 month, then cut into samples for measurement 
of density, open-cells, and compressive strength. Open-cell 
content was measured by an air comparison pycnometer  
(3). Relative flammability was measured by a small-scale 
modification of American Society for Testing and Materials 
Method D-1692 (4). To avoid misinterpretation of terms, 
flammability test results are reported in terms of percentage 
of sample length burned. Experiments also were made using 
half the normal proportion of fluorotrichloromethane. Test 
results are reported in Tables III, IV, and V. 

TABLE II 

Formulation of Adjusted Polyols 
Converted into Urethane Foams 

Polyol a Wt (g) 

Tallow-TMP polyol (OH no. 257) 6.5 
TIPA (to adjust OH equiv, to 120) 3.5 
Dabco-33-LV 0.25 
Silicone L530 0.15 
Fluorotrichloromethane 4.1 
PAPI 12.3 

aTMP = trimethylolpropane, TIPA = triisopropanolamine, and 
PAPI = polymethylene polyphenylisocyanate. PAPI was used in 5% 
e x c e s s .  
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TABLE IIl 

Foam Properties-Toluenesulfonic Acid Series 

At OH equivalent 100 At OH equivalent 120 

Density Open- Compressive Density Open- 
Polyol a lb/ft 3 cells, % strength, psi lb/ft 3 cells, % 

Compressive 
strength, psi 

Equivalent wt adjusted with TIPA b 
TA 1 1.7 17 41 1.6 17 
TA 2 1.7 17 39 1.6 19 
TA 3 1.6 16 38 1.6 19 
TA 4 1.7 17 40 1.6 17 
HET a . . . . . .  1.5 100 
Equivalent wt adjusted with NIAX LA-700 
TA 1 . . . . . . .  1.7 19 
TA 2 1.8 14 49 1.7 15 
TA 3 1.8 16 42 1.6 16 
TA 4 2.0 15 60 . . . . .  

36 
34 
37 
38 
13 

36 
44 
35 

aTA = toluenesulfonic acid. HET = hydrated epoxidized tallow, control. 
bTIPA = triisopropanolamine. 

DISCUSSION 

As is seen f r o m  Table  I, t h e  p resen t  two  series of  po lyols  
have h igher  OH n u m b e r s  ( and  tower  OH equ iva len t s )  t h a n  
h y d r a t e d  epox id i zed  t a l low and  pur i f i ed  h y d r o x y b r o m i -  
n a t e d  ta l low,  c i t ed  for  compar i son .  Wi t hou t  e n r i c h m e n t ,  
howeve r ,  even the  T A  4 and  TX 3 polyols  lacked  h y d r o x y l  
c o n t e n t s  h igh  e n o u g h  to  p r oduce  rigid low dens i ty  foams  of  
accep tab le  open-ce l l  c o n t e n t  and  compress ive  s t r eng th .  
Castor  oil,  w i th  OH no.  ca. 165 and  OH equiva len t  340 ,  
typ ica l ly  has  been  b l e n d e d  wi th  h y d r o x y - r i c h  polyols  of  
lower  mol  wt to  give OH equiva len ts  o f  100 or, less 
sa t is factor i ly ,  120 (2).  These  equ iva len t s  were chosen  for  
the  p resen t  f o r m u l a t i o n s ,  and  the  ad juvan t s  seledted were 
the  t r i f u n c t i o n a l  TIPA and  the  p e n t a f u n c t i o n a l  N I A X  
LA-700.  Table  I lists the  percen tages  of  these  mater ia l s  
i n c o r p o r a t e d  in the  po lyo l  b lends  at  the  equ iva len t s  chosen .  
The  presen t  T A  and  T X  polyols  r equ i red  cons iderab ly  less 
ad juvan t ,  respect ively ,  t h a n  h y d r a t e d  epox id i zed  ta l low 
(HET)  and  h y d r o x y  b r o m i n a t e d  t a l low pur i f ied  (HBT).  
Only  25% TIPA was r equ i r ed  at  the  120 level by  po lyo l  
TA 4. 

Test  da ta  on  foams  m a d e  in the  n o r m a l  way f rom the  
TA polyols  are r e p o r t e d  in Table  II. F o r m u l a t e d  w i t h  
TIPA at  OH equ iva len t  100,  these  polyols  gave f o a m s  of  
low dens i ty ,  ca. 17% open-cel ls  and  compress ive  s t r e n g t h  
ca. 40  psi. Open-cel ls  were measu red  b y  the  fu l l - a tmosphere  
p rocedure .  (The  ha l f - a t m os phe r e  p rocedure ,  used  for  com-  
par ison o n  a few samples ,  gave 25% lower  values.)  F o r m u -  

la ted  at  an  OH equ iva len t  o f  120,  the  foams  all had  sl ightly 
lower  densi t ies ,  open-cel l  c o n t e n t  a l i t t le  h igher  on  the  
average, a n d  good,  bu t  sl ightly lower ,  compress ive  
s t rengths .  These  foams  were clearly super ior  to  a con t ro l ,  
based  u p o n  h y d r a t e d  e p o x i d i z e d  ta l low.  When NIAX 
LA-700 was the  ad jus t ing  agen t ,  f oam p rope r t i e s  were also 
qui te  sa t i s fac to ry  f r o m  polyols  ad jus ted  to  e i the r  100 or 
120 equ iva len t  wt.  Compress ive  s t reng ths  suf fe red  a l i t t le  at  
the  h igher  equ iva len t .  

The  tes t  resul t s  o n  the  foams  made  in the  s t anda rd  way 
f rom the  T X  or b r o m i n a t e d  polyols  are r e p o r t e d  in Table  
IV. Ad jus t ed  to  equ iva len t  wt of  100 by  TIPA,  these  
polyols  gave foams  wi th  dens i ty  and  compress ive  s t r eng th  
a p p r o x i m a t i n g  those  f r o m  the  u n b r o m i n a t e d  polyols  at  
equ iva len t  120. However ,  in  the  b r o m i n a t e d  series, open-  
cell c o n t e n t  was a l i t t le  h igher ,  at  ca. 20%, t h a n  the  
u n b r o m i n a t e d  series. A t  equ iva len t  120 a t t a i n e d  wi th  TIPA,  
b o t h  open  cells and  compress ive  s t r eng th  suf fe red  subs tan-  
tially, e x c e p t  for  the  TX 3 polyol .  Each  of  t he  th ree  TX 
polyols  gave foams  b u r n i n g  less t h a n  20% test  sample  
length.  The  TX 3 po lyo l  e m e r g e d  as the  one  least  impa i red  
by t he  h igher  equ iva len t  wt  o f  120. The  las t  n a m e d  gave 
foams super io r  in  compress ive  s t r eng th  and  f i re-resis tance 
to  t hose  f r o m  pur i f ied  h y d r o x y b r o m i n a t e d  ta l low,  de- 
scr ibed previous ly  (4).  

The b r o m i n a t e d  po lyo ls  also were ad jus ted  wi th  NIAX 
LA-700.  At  OH equ iva len t  100,  the  compress ive  s t r eng ths  
were par t i cu la r ly  good  f r o m  each  TX polyol ,  while open-  
cell c o n t e n t  was var iable .  With  NIAX LA-700 ,  the  f l amma-  

TABLE IV 

Foam Properties-Hydrobromic Acid Series 

Polyol 

No. OH no. Percent br. 
Density, Open- 

Ib / f t~  cells, % 
Co mpressive 
strength, psi 

Flammability, 
percent sample length 

Adjusted with TIPA a to OH equivalent of 100 
TX 1 99 42 1.6 
TX 2 125 30 1.7 
TX 3 231 25 1.8 
Adjusted with TIPA to OH equivalent of 120 
TX 1 1.7 
TX 2 as above 1.8 
TX 3 1.8 
HBT 92 14 1.9 
Adjusted with NIAX, LA-700 to OH equivalent of 100 
TX 1 99 42 1.8 
TX 2 125 30 1.9 
TX 3 231 25 1.9 
Adjusted with NIAX, LA-700 to OH equivalent of 120 
TX 1 1.8 
TX 2 as above 1.7 
TX 3 1.7 

21 
20 
20 

30-50 
38 
21 
19 

19 
23 
16 

19 
20 
16 

34 
39 
36 

16 
29 
35 
19 

44 
44 
43 

41 
38 
34 

< 20 
< 20 
< 20 

< 20 
< 20 
< 20 
20-80 

< 20 
20-80 
> 80 

< 20  
20-80 
> 80 

aTIPA = tr i isopropanolamine.  
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TABLE V 

Effect of  Decrease in Blowing Agent upon Foam Propert ies -  
Use of  Half the Standard Proportion of  Fluorotrichloromethane 

Density,  Open- Compressive Relation r Flammability, 
Polyol a lb]ft 3 cells, % strength, psi to density b percent sample length 

TA 1 2.9 14 80 1.3 > 80 
T A 2  2.6 15 71 1.4 > 80 
T A 4  2.8 15 75 1.3 > 80 
TX 1 2.5 17 64 1.4 20-80 
TX 3 2.7 16 70 1.6 20-80 

aAdjusted with tri isopropanolamine to OH equivalent of 100. 
bin equation s/s o = (d/do)r (ref. 6). Foams made with the standard proportion of fluoro- 

trichloromethane had compressive strength s o and density d o, reported in Tables III and IV. 

bi l i ty  r a t i ng  de t e r i o r a t ed  to  20-80% and  to  > 8 0 %  tes t  
sample  l e n g t h  fo r  the  TX 2 and  the  TX 3 foams ;  the  h igh  
b r o m i n e  c o n t e n t  of  the  TX 1 foams  a s sumed  grea ter  
impor t ance .  At  an  OH equ iva len t  of  120,  tes t  resul ts  were 
analogous .  

In general ,  t he  p resen t  fa t -based  polyols ,  b o t h  u n b r o m i -  
n a t e d  and  b r o m i n a t e d ,  gave foams  of  b e t t e r  qua l i ty  t h a n  
those  f rom HET and  HBT,  and  o n  a pa r  wi th  those  made  
f r o m  a lkoxy la t ed  d i h y d r o x y s t e a r i c  acids (7 ,8) .  The  polyols  
r e s p o n d e d  well  to  b l e n d i n g  wi th  ad juvan t s ,  p rov id ing  foam 
proper t i e s  at  equ iva len t  wt 120 on ly  a l i t t le  in fe r io r  to  
those  at  100. Proper t i es  were c o m p a r a b l e  to  those  of  foams  
based  u p o n  vege tab le  oils (2,9) .  

Decreased Blowing Agent 
Because of  an  in te res t  in  foams  of  h igher  dens i ty  t h a n  

those  cons ide red  u p  to  now,  a n u m b e r  of  e x p e r i m e n t s  were 
carr ied ou t  us ing  on ly  hal f  as m u c h  b lowing  agent  as 
normal ly .  Tab le  V shows  t e s t  values on  such  f o a m s  f r o m  
polyols  ad jus ted  w i th  TIPA to  OH equiva len t  100;  these  are 
to  be c o m p a r e d  w i t h  c o r r e s p o n d i n g  ent r ies  in  Tables  III  and  
IV. Halving the  f r e o n  u sed  inc reased  densi t ies  by  50-70%. I t  
decreased  open-cel l  c o n t e n t  by  12-20% and doub l ed  or  
sl ightly less t h a n  d o u b l e d  compress ive  s t reng th .  T h r o u g h  
the  e q u a t i o n  given in  f o o t n o t e  b,  Table  V,  compress ive  
s t rengths  at  d i f fe ren t  densi t ies  were re la ted  by  the  expo-  
n e n t  r. Values of  r o f  1.3-1.6 were e n c o u n t e r e d  in these  
data ,  c o m p a r e d  to  1.6 in  low dens i ty  rigid foams ,  based  
u p o n  cas tor  po lyols  (6).  The f lame tes ts  were surpr is ing for  

the  b r o m i n a t e d  polyols .  The  denser  foams  b u r n e d  20-80% 
tes t  sample  l eng th ,  i.e. t h e y  were no t  qui te  as f i re-res is tant  
as t he i r  c o u n t e r p a r t s  o f  low dens i ty ,  wh ich  had  b u r n e d  less 
t h a n  20% leng th .  A p p a r e n t l y ,  the  f r eon  i tsel f  has a l i t t le  fire 
r e t a rdance ,  or the  grea te r  dens i ty  more  effect ively  main-  
ta ins  hea t  at  t he  f lame f ron t .  
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