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Flexible polyurethane foams (PUR-FFs) are known to be flammable, and are
consequently flame protected with flame retardants. But how flammable
are PUR-FFs really?

PUR-FFs typically consist of a thermoset polymeric matrix synthesized by the
reaction of a diisocyanate component with a bi- and tri-functional polyol
component and some desired side reactions. The technical properties of
PUR-FFs such as density, resilience, air flow or indentation force deflection
are influenced by the diisocyanate and polyol components used and by the
side reactions. However, the flammability of PUR-FFs is also strongly influ-
enced, especially by the diisocyanates and polyols. Hardly any literature
exists concerning the flammability effects of PUR-FF matrix components
without additional flame retardants, or concerning advantageous chemical
structures and feasibility limits.

Some results of investigations into the flammability influence of PUR-FF
matrix components are presented here.

All mentioned PUR-FFs are synthesized according to the following procedure
on a lab scale: polyol, catalyst, stabilizer and water (weighed separately or a
premixed catalyst-stabilizer-water solution) are stirred for 55 s at 1200 rpm
with an IKA® RW 20 DZM stirrer. Isocyanate is added and the mixture is
homogenized for 10 s at 2000 rpm. Subsequently the mixture is transferred
into a mold (box: 300 x 300 x 300 mm? or cardboard cylinder: radius: 75
mm, height: 230 mm). The PUR-FF is formed instantly, followed by harden-
ing for a minimum of 24 h according to DIN 50014-23/50.

TDI-PUR-FF: The TDI-PUR-FF is prepared with 100 phpp Voranol CP 3322,
0.2 phpp Kosmos® 29, 5.05 phpp catalyst-stabilizer-solution (80.2 wt.%
water, 4.0 wt.% DMEA, 15.8 wt.% Tegostab® BF 2370) and 51.2 phpp
TDI 80.

MDI-PUR-FF: The MDI-PUR-FF is prepared with 100 phpp Rokopol
M6000, 5.15 phpp catalyst-stabilizer-solution (11.7 wt.% DEOA, 1.0 wt.%
Dabco® NE300, 11.7 wt.% Dabco® NE1070, 1.9 wt.% Dabco® 33-LV, 15.5
wt.% Tegostab® B 4113, 58.3 wt.% water) and 49 phpp Desmodur®
2460M.

AIRCRAFT-PUR-FF: The AIRCRAFT-PUR-FF formulation was optimized in
cooperation with Ruhl Puromer GmbH, Friedrichsdorf (Germany). AIR-
CRAFT-PUR-FF consists of 100 phpp EP 3408/1 including 5.5 phpp catalyst-
stabilizer-solution and 50 phpp puronate 939.

Table 1 Material properties of the investigated PUR-FFs.

Material TDI-PUR-FF MDI-PUR-FF AIRCRAFT-PUR-FF
Cream time [s] <14 21 29

Density (calculated) [kg/m?] 34 +2 44 +3 48 +3
Density (foam core) [kg/m?] 30+0.8 44 + 2.4 50+ 1.2

Air permeability [dm?/s] 1.7 £0.07 2.7+0.28 1.5+0.21
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Figure 1 TGA curves of PUR-FF in nitrogen (left) and synthetic air (right) atmosphere.

Table 2 FMVSS 302 test results of PUR-FFs. Table 3 LOI results of PUR-FFs.

Material Burn rate [mm/min] Material LOI [0,%]

TDI-PUR-FF 89+9.0 TDI-PUR-FF 16.8 +0.15
MDI-PUR-FF 0 (extinguishes) MDI-PUR-FF 253 +0.32
AIRCRAFT-PUR-FF 0 (extinguishes) AIRCRAFT-PUR-FF 21.3+0.19
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Figure 2 Cone calorimeter measurements of PUR-FFs (sample size: 100 x 100 x 40 mm?3).

Table 4 FAR 25.853 Part | results of PUR-FFs for 12 s and 60 s flame exposure.

Flame exposure

12s 60s
Material Burn Flame Burning Burn
Flame Burning
length time [s] drops length
time [s] drops
[mm] [mm]
DI-PUR-FF 28+ 5 yes > 250 fail =
MDI-PUR-FF 0 no 152 £ 20 pass 0 no 172+ 8 pass
AIRCRAFE 0 no 136+ 11 ass 32* es* 206 + 32 fail
+ + 1l
PUR-FF - 4

TDI-PUR-FF, 125 NiDI-PUR-FF, 12 MDI-PUR-FF, 60s AIRCRAFT-PUR-FF, 605
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MDI-PUR-FFs are much less flammable. During flaming the MDI-PUR-FFs
retract from the flame without ignition of the surrounding areas. The AIR-
CRAFT-PUR-FF was modified with a bio-based polyol, slightly decreasing the
flammability. Nevertheless, both MDI-based PUR-FFs passed the flammability
test for aircraft seating cushion foams FAR 25.853 Part | and the AIRCRAFT-
PUR-FF passes also FAR 25.853 Part Il (covered by a fire blocking layer)
without a flame retardant.
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