






































































































Ignition and Flame Propagation 

The degree of aromaticity present in the isocyanate moiety affects the 
ease of ignition and the flame propagation rate in the foamed polymers.
Foams based on isomers of TOI ignite more readily than those based on MOl. 
The polymers based on PAPI are slightly more difficult to ignite than those 
based on MOl. Intuitively, one would expect an even greater resistance to 
ignition in PAPI-based polymers. However, it is possible that the greater 
steric hinderance may have reduced the degree of reaction thus negating 
the expected difference in properties. The flame propagation character­
istics related to polymer structure followed the same general trends as 
those pertaining to ease of ignition. One slight result that was unex­
pected relates to degree of branching in the polymer network. Polymers
based on the 425-molecular-weight propoxylated adduct of trimethylolpro­
pane exhibited greater stability than did the 3l2-molecular-weight 
homologue. This may be due, in part, to a reduction in cracking resulting 
from greater polymer elasticity. 

Fire Endurance Characteristics 

The greater the degree of aromaticity, the greater was the tendency 
for the polymer to form a thermally stable char. Thus, foams based on 
PAPI exhibited greater fire endurance than those based on MOl. The 
foams based on TOI formed either no char or a thermally unstable char. 
Those polymers based on the triol having a molecular weight of 425 were 
more resistance to flame penetration than were the specimens prepared 
using the 3l2-molecular-weight homologue. Resistance to cracking during 
flame exposure was attributed to provide the extra measure of protection. 

Limiting Oxygen Index 

The greater the degree of aromaticity in the polymer backbone, the 
higher was the observed limiting oxygen index. Those polymers based on 
the 425-molecular-weight triol had a slightly lower oxygen index than 
those based on the 3l2-molecular-weight homologue. 

Smoke Development Characteristics 

The degree of smoke increased for all polymeric foams in this series 
as the resistance to combustion increases. Thus, foams based on the 
lower molecular-weight polyol or more aromatic isocyanate produced a 
greater smoke evolution. 

Effect of Polyol Structure on Flammability 
Characteristics of Rigid-Urethane Foams 

The functionality, molecular weight, and steric configuration of the 
polyols used in the preparation of urethane polymers can greatly affect 
the thermal stability and flammability characteristics of the resultant 
foam plastics. A functionality of two is required of all reactants, if 
the polymer is to have a high-molecular weight and useful properties. 
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Polyols used in the preparation of rigid-urethane foams normally contain 
3 to 8 reactive functional groups. Assuming all of the reactive sights 
present in the reactants take part in the chemical reaction used to 
produce rigid-urethane foams, the greater the functionality, the greater 
will be the resulting thermal and flammability characteristics of the 
foamed polymers. 

An additional factor that must be considered is the molecular weight 
per cross-link density. If 2 polyo1s, each containing 4 reactive sights 
are used in the preparation of a urethane polymer, the polyo1 having the 
lower molecular weight will produce a more tightly cross-linked polymer. 
Barring unusual steric hinderance, the more tightly cross-linked polymer 
will possess greater thermal stability than a polymer derived from its 
higher-molecular-weight homologue. 

Rigid-urethane foams, isocyanurate foams, and polyimide foams were 
prepared using the 3 classes of polyols listed below: 

1. Aliphatic polyols 
2. Cycloaliphatic polyols 
3. Aromatic polyo1s 

For the present discussion, only urethane foams prepared using polyols 
of Class 1 and Class 2 will be considered. The aromatic polyols will be 
treated separately under the section covering novel foam structures. 
Table XX lists the polyols used to prepare the foams for this phase of the 
study. 

TABLE XX 


POLYOL STRUCTURE* AND PROPERTIES 


(Representative of Commercially-Available Polyols) 

-

Compound Functionality M.W. Eq. Wt. 

Trimethylolpropane 
Trimethylolpropane
Trimetnylolpropane 
Trimethylolpropane 
Trimethylolpropane 

Pentaerythritol 
Pentaerythritol 
aMethylglucoside 
aMethylglucoside 
Sorbitol 
Sorbitol 
Sucrose 
Sucrose 
Sucrose 

3. Aliphatic 
3 Aliphatic
3 Aliphatic 
3 Aliphatic 
3 Aliphatic 
4 Aliphatic 
4 Al iphatic 
4 Cyc10aliphatic
4 Cycloaliphatic 
6 Aliphatic 
6 Aliphatic 
8 Cycloaliphatic 
8 Cycloaliphatic
8 Cycloaliphatic 

312 
425 
732 

1535 
2670 

426 
484 

425 
541 
529 
700 

1022 
1138 
1254 

104.0 
141. 7 
244.0 
511 .7 
890.0 

142.0 
161 .3 

141 .7 
180.3 
176.3 
233.3 
127.8 
142.2 
156.0 

*All polyols used in this study are propoxylated adducts of the alcohols 
listed under compounds. 
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