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Table 1 Bond energies of C(Ph)—N, C(O)—N, C(O)—O,
C—O and C—C bonds in HTPB-TDI model

bond bond energy/kJ - mol™ || bond bond energy/k) - mol™

1 382.00 4 255.19

1 354.76 4’ 244.95

2 321.53 5 363.55

2’ 300.71 5' 379.73

3 293.04 6 466.01

3 260.44 6’ 439.26
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Fig.2 Schematic diagram of cyclization reaction
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Table 2 Activation energy( AE) and heat of reaction( AH) of

C = C double bond cyclization reaction

3 C— C BUSHE S Ak AT I [ bif 1Y 155 A BB R0 S
Table 3  Activation energy(AE) and heat of reactlon(AH) of

C = C double bond oxidation linking reaction

reaction AE /k) + mol™ AH/K) - mol™
C 52.25 -135.31
d 20.55 -115.74

reaction AE/k) - mol™ AH /k) - mol™
a 12.59 -343.83
34.80 -93.46
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Fig.3 Schematic diagram of oxidation linking reaction
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Molecular Simulation of Aging Mechanism for HTPB Propellants

DU Shi-guo, QIN Hao, YAN Jun, LI Hong-guang, MENG Sheng-hao
( The Ordnance Engineering College, Shijiazhuang 050003, China)

Abstract: To study the aging mechanism of HTPB ( hydroxyl-terminated palybutadiene) propellant, the quantum chemistry method
was used to calculate the bond energy of chemical bond of HTPB-TDI( toluene diisocyante) curing system, and transition states of
possible four oxidative cross-linking reactions occurring in the aging process of HTPB propellant were investigated. Results show
that the bond energy of C—O bond connected with CH, group is minimum. The energy is determined as 244.95 kJ - mol™. The
rupture of the C—O bond in the aging degradation process easily occurs. The activation energies of possible four oxidation linking
reactions are all smaller, and less than the energy needed for HTPB-TDI curing molecular degradation, indicating that oxidation
linking reaction is the primary cause of HTPB propellant aging. Among them, the activation energy of ternary-epoxy reaction is
minimum and its value is 12.59 kJ - mol™'.
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