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Fig.1 DSC curves of different curing system at 15 °C - min™
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Table 1 DSC characteristic temperatures of HTPB-TDI curing

reaction
B/°C - min~’ T./°C Tp/°C T;/°C T;-T,/°C
5 153.6 195.6 209.8 56.2
10 187.6 212.9 238.1 50.5
15 200.9 232.8 245.2 44.3
20 212.5 239.9 261.2 48.7

Note: B, heating rate; T;, the initial curing temperature; T, the peak curing

temperature; T;, the end curing temperature.
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Table 2  DSC characteristic temperatures of TPB catalysed
HTPB-TDI reaction

B8/°C + min™' T,/°C Tp/°C T;/°C T;-T,/°C
5 116.1 124.2 135.4 19.3
10 128.7 137.8 146.7 18.0
15 138.2 149.5 157.9 19.7
20 152.7 161.6 174.9 22.2
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Table 3

stage of TEPB catalysed HTPB-TDI reaction

DSC characteristic temperatures of early and later

B early stage reaction later stage reaction

/°C-min” T/C  T,/C T,/C T,/C T,/C TJ/C
5 91.1 109.5 121.3 234.2 243.2 259.8
10 109.1 125.7 138.9 240.7 254.1 265.3
15 121.9 139.9 153.6 243.6 265.8 270.9
20 131.2 148.7 162.4 247.2 274.6 288.2
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Table 4 Kinetic parameters of different curing systems

catalyst system  E,/k} + mol™ A/s™! n

uncatalyzed 51.29 7.7x10* 0.86
TPB 46.43 2.4x10° 0.87
TEPB i carty stage ~ 40.14 5.2x10* 0.85
TEPB . later stage 93.12 6.0x10°8 0.91
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Table 5 Reaction constants of different catalyst system under different temperature

k/s™!
catalyst system
34 °C 40 °C 44 °C 50 °C 60 °C 70 °C 100 °C 121 °C
without catalyst 1.44E-04 2.12E-04 2.72E-04 3.91E-04 6.93E-04 1.19E-03 5.06E-03 1.22E-02
TPB 3.03E-03 4.29E-03 5.37E-03 7.45E-03 1.25E-02 2.04E-02 7.56E-02 1.68E-01
TEPB ; carly stage 7.69E-03 1.04E-02 1.26E-02 1.68E-02 2.63E-02 4.01E-02 1.24E-01 2.48E-01
TEPB, jyer stage 8- 62E-08 1.73E-07 2.73E-07 5.25E-07 1.48E-06 3.96E-06 5.48E-05 2.72E-04
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Effect of Bismuth-containing Catalysts on HTPB Curing Kinetics

OU Ya-peng, CHANG Shuang-jun, ZHANG Bai-lei
( School of Chemical and Environmental Engineering , North University of China, Taiyuan 030051, China)

Abstract; Effect of triphenyl bismuth( TPB) and tri (exhoxyphenyl) bismuthine( TEPB) on kinetics of hydroxyl terminated polybuta-
diene-toluene diisocyanate( HTPB-TDI) curing reaction were studied by non-isothermal differential scanning calorimetry ( DSC).
Characteristic temperature of curing systems were measured for calculating kinetic parameters by Kissinger and Crane method and
the curing reaction kinetic equations was established. Results show that catalysts decrease the curing temperature and shorten the
curing temperature gradient. Activation energy ( £,) of uncatalyzed HTPB-TDI curing system is 51.29 kJ + mol™, the E, of
HTPB-TDI are decreased to 46.43 k) - mol™ and 40.14 k) - mol™" by using TPB and TEPB. Both catalysts lower reaction tempera-
ture and curing time through decreasing activation energy of curing reaction and accelerating reaction rate. The reaction rate con-
stant value of HTPB-TDI catalyzed by TEPB at 34°C is similar to that of HTPB-TDI catalyzed by TPB at 50 °C, indicating that the
catalytic activity of TEPB is higher than that of TPB and it's available for ambient catalyst.

Key words: hydroxyl-terminated polybutadiene( HTPB) ; catalyst; curing kinetics; thermal analysis
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