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Abstract: The reaction behavior of rigid polyurethane foams were studied on the effects of gelling catalysts of amine
type, such as; dimethylcyclohexyl amine (DMCHA) and of potassium type, such as; potassium octoate (PO). Rigid poly-
urethane foams were provided with polymeric 4,4'-diphenylmethane diisocyanate, polyester polyol, silicone surfactant,
blowing agent and a few gelling catalysts. As the contents of catalyst, DMCHA increased from 0 to 2.0 g, the reaction
time decreased from ca. 330 to ca. 35 sec and due to the exothermic reaction, the maximum temperature increased from
ca. 217 to ca. 234 °C, respectively. As the contents of PO increased from 0 to 2.5 g, the reaction time decreased from
ca. 79 to ca. 38 sec and the maximum temperature increased from ca. 182 to ca. 271 °C, respectively. The kinetic param-
eters were calculated and the conversions were based on the temperature rising method of adiabatic process. As the con-
tent of DMCHA increased, the rate constant &, increased. But in the case of PO catalyst, k, did hardly depend upon its

amount, and showed us similar reaction rate constants.

Keywords: rigid polyurethane foam, temperature rising method of adiabatic process, gelling catalyst.
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Table 1. Catalysts for Rigid Polyurethane Foam
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Table 2. Formulations of Rigid Polyurethane Foams Based on Polyester Polyol 100 g
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Figure 1. Comparison of reaction time at an isocyanate index 150
according to catalysts; the effects of (a) DMCHA contents varied at
a fixed content of PO (1 phr); (b) PO contents varied at a fixed con-
tent of DMCHA (1 phr).
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Figure 2. Behaviors of deviation between the ambient temperature
and the measured temperatures as a function of reaction time for
polyurethane foam.
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Figure 3. Comparison of the temperature variations with experi-
mented and calculated temperature data for isocyanate index 150
with catalyst contents of: (a) DMCHA 0 phr, PO 1 phr; (b) DMCHA
2 phr, PO 1 phr.
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Figure 4. Comparison of the temperature distributions at an isocy-
anate index 150 with varied catalyst DMCHA contents: (a)

DMCHA contents with 1.0 g of PO; (b) DMCHA contents without
PO.
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Figure 7. Behaviors of reaction rates at an isocyanate 150 with var-
ied contents of catalyst: (a) DMCHA contents without PO; (b) PO
contents without DMCHA.
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Table 3. Kinetic Parameters Obtained from Kamal Equation (Eq. 6)
Catalyst content(g) ko m E, n
0 2.46x10° 1.26 419.94 2.07
0.5 7.46x10° 1.44 247.04 1.21
Efgfftifu;’efx[)ll\s’l()cgﬁhgﬁ?tggs 1.0 8.1010° 1.08 234.10 0.97
1.5 1.43x107 1.68 42.187 1.41
2.0 5.53%107 1.71 29.23 1.03
0 2.46x10° 1.26 419.94 2.07
0.5 9.65%10° 1.55 349.78 1.465
Effects of PO contents on index 150 1.0 2.69x10° 175 341.92 1619
without DMCHA 1.5 3.96x10° 1.05 310.60 1.426
2.0 5.55x10° 1.34 195.29 1.377
2.5 7.41x10° 2.01 121.86 2.012
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Figure 8. Comparison between experimented and simulated con-
versions at an isocyanate index 150 with varied contents of catalyst:
(a) for varied DMCHA contents without PO; (b) for varied PO con-
tents without DMCHA.
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Figure 9. Comparison between experimented and simulated reac-
tion rate for conversion at an isocyanate index 150 with varied con-
tents of catalyst: (a) for varied DMCHA contents without PO; (b)
for varied PO contents without DMCHA.
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Table 4. Comparison of Reaction Rates of Experimented with Simulated Data at Varied Conversions

Reaction rate (s)

Simulated data

Conversion(%) Experimented data
Catalyst content(phr) 0 40 80 0 40 80

0.5 1.84x10° 4.89x107 4.15%107 2.80x107 5.25x107 2.60%107

DMCHA 1.0 1.67><l()'i 9.38x107 3.37><l()'i 4.55x10° 9.25x10° 2.91><10'i
1.5 9.29x10” 1.11x107 3.44x107 1.08x107 1.02x107 2.89x10”

2.0 2.21x10? 1.21x10? 4.74x10° 2.45x102 1.42x10? 3.75x10%

0.5 6.76x10™ 1.41x107 1.30x107 8.70x10™* 1.62x10° 9.97x10™*

1.0 1.35x10° 2.63x10° 1.50x10° 1.52x103 2.44x10° 1.35%x10°

PO 1.5 1.52x10° 3.57x10° 1.94x107 1.45%107 3.88x10° 2.10x107
2.0 1.82x10° 4.60x10° 1.77x10% 1.99x107 5.04x107 1.79x10°

2.5 2.68x10™ 6.51x107 1.77x107 2.35%107 6.83x10° 1.26x107
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