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Tehran, Iran

Research subject: The aim of this research was the investigation on ki-
netic of curing reaction of polyurethane binder based on hydroxyl ter-
minated polybutadiene (HTPB). This reaction is of particular interest in
advanced polyurethane composite materials.

Research approach: HTPB diol was dynamically cured using differ-
ential scanning calorimetery (DSC) at different heating rates (5, 10, 20
and 40° C/min) with curing agents of Toluene Diisocyanate (TDI) and
Isophorone Diisocyanate (IPDI) in presence and absence of Dibutyltin
Dilaurate (DBTDL) catalyst. Kinetic parameters were calculated using
Kissinger, Ozawa and isoconversion models. Urethane formation and
viscosity build-up during cure reaction was studied by Fourier Trans-
form Infrared Spectroscopy (FT-IR) and rotational visocmetery (RV)
methods.

Main results: Results showed that activation energy, enthalpy, progress
and the rate of reaction were influenced by type of curing agent and
the presence of catalyst. Kinetic models showed activation energy was
reduced about 1 kJ/mol at each 0.05 unit increase in the degree of cure.
The activation energy of HTPB-TDI-DBTDL binder system versus degree
of cure was reduced slower in comparison to HTPB-IPDI-DBTDL bind-
er system. Decrease in activation energy at degrees of cure higher than
90% was intensified as probable diffusion of low molecular weight mol-
ecules into polymer chains. Enthalpy of reaction in HTPB-TDI-DBTDL
binder system at heating rates of higher than 10° C/min was indepen-
dent of heating rate, whereas in HTPB-IPDI-DBTDL binder system the
enthalpy of reaction is highly dependent on heating rate. Chemorheo-
logical results showed that rate of curing reaction for binder systems are
in the order of HTPB-TDI-DBTDL>HTPB-IPDI-DBTDL>HTPB-TDI.

*To whom correspondence should be addressed:
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Table 1 Reaction temperatures and enthalpy of curing reaction in different binder systems

Pre- Curing Heating rate onset - ndset
Polymer |agent | CARSY | (o /min) ) ("pC) C) AH()/e)
5 33.81 76.06 113.06 12.08
TDI - 10 44.33 86.56 115.95 8.59
40 52.03 92.31 124.13 1.63
5 -8.99 58.63 104.58 27.82
10 -1.35 64.87 134.18 25.19
TDI DBTDL
HTPB 20 53.34 114.45 198.15 24.21
40 58.28 146.27 | 22821 |23.95
5 16.42 62.47 136.92 39.94
10 20.77 78.25 146.30 34.97
IPDI DBTDL
20 31.00 94.80 183.17 32.81
40 42.75 107.61 172.25 21.28
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Fig. 2 DSC diagram for HTPB-IPDI binder system with DBTDL catalyst at different heat rates
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Table 2 Activation energy values obtained by Ozawa and Kissinger method

Sample Catalyst InA (s7) Activation energy
ingredients E, (k]/mol)
Kissinger Kissinger Ozawa
HTPB-TDI - 18.3 56 66
HTPB-TDI DBTDL 14.1 17.6 22.5
HTPB-IPDI DBTDL 14.3 42.2 46
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Table 3 Rate constant values calculated by different methods in 60 °C

Constant rate
Binder system Catalyst : - —
isoconversion Kissinger
HTPB-TDI - 0.145
HTPB-TDI DBTDL 0.144 0.113
HTPB-IPDI DBTDL 0.285 0.367
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Fig. 9 Comparison of the activation energy dependence of the conversion value for the binder system derived from
IPDI and TDI with the catalyst
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Fig. 10 The comparison of released heat for binder system with two different curing agent TDI and IPDI
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Fig. 11 Viscosity build-up in catalysed and uncatalysed for binder systems with two curing agent TDI and IPDI
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