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Fig.1 Standard pressure (p) vs time (t) curves in the tem-
perature of 100 ~150 °C for thermal decomposition reaction of

HMX
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Fig.2 A plot of T, p and dp/dt vs. t for thermal decomposi-
tion of HMX at 120 °C
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Fig.3 A plot of a and da/dT vs.
composition of HMX at 120 °C

T for non-isothermal de-

Table 1  Kinetic parameters for non-isothermal decomposition reaction of HMX
. function integral method differential method average
No. E,/k) + mol ™! In(A/s™") r E,/k) - mol 7! In(A/s™") r E,/k) + mol ™! In(A/s™")

100 9 147.4 40.28 -0.9990 159.0 45.48 -0.9997 153.2 42.88
110 9 105.5 25.10 -0.9992 107.4 27.01 -0.9979 106.4 26.06
120 9 101.6 23.23 -0.9994 93.6 21.98 -0.9994 97.6 22.61
130 20 80.6 13.95 -0.9974 92.5 19.52 0.9943 85.6 16.74
140 20 204.4 56.56 -0.9994 219.5 63.54 -0.9978 212.0 60.05
150 20 235.5 89.68 -0.9986 253.7 73.57 -0.9951 244.6 81.63
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Fig.4 A plot of @ and da/dt vs. T for isothermal decomposi-
tion reaction of HMX at 120 °C
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Table 2 Reaction rate constants and mechanism functions for

isothermal decomposition reaction of HMX at different temper-

atures

T/°C &Jg'cnon function name G(a) I;:,Sm ")
100 7 Ginstling-Brounstein equation  1-2/3a-(1-a)*? 1.53

10 7 Ginstling-Brounstein equation 1-2/3a-(1-a)*? 1.73

120 1 Parabola equation o2 5.68

130 1 Parabola equation o’ 8.04

140 1 Parabola equation o 17.11

150 2 Valensi equation a+(T-a)In(1-a) 46.28
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Table 3 Amount of releasing gases for thermal decomposition

reaction of HMX at different temperatures

T/°C 100 110 120 130 140 150

V,/mL-g™" 0.518 0.793 1.00 1.48 1.61 2.51
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Fig.5 o'-t curves for thermal decomposition of HMX at differ-

ent temperatures
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Dynamic Vacuum Stability Test (DVST) Method ( IV) : Thermal Decomposition of HMX

LIU Rui' ,YIN Yan-li’ ,ZHANG Tong-lai' , YANG Li' ,ZHANG Jian-guo' ,ZHOU Zun-ning' ,QIAO Xiao-jing' , WANG Wen-jie',
WANG Li-giong'

(1. State Key Laboratory of Explosion Science and Technology, Beijing Institute of Technology, Beijing 100081, China; 2. Key Laboratory of Defense-related
Science and Technology, Remanufacturing Department of Armored Force Engineering Institute, Beijing 100072, China)

Abstract. The thermal decomposition process of HMX was studied by dynamic vacuum stability test ( DVST) method. The
activation energy and pre-exponential constant of thermal decomposition reaction of HMX were obtained by universal integral
method and differential method. The results show that the mechanism functions of thermal decomposition reaction of HMX at
different isothermal temperatures are different. The thermal decomposition process of HMX obeys Ginstling-Brounshtein equation
with 3D mechanism in the temperature range of 100 — 110 °C, parabola rule with 1D mechanism in the temperature range of
120 —140 °C and Valensi equation with 2D mechanism at 150 °C. Reaction rate constant ( k) of the thermal decompositionreaction
of HMX increases with temperature, but it does not accord with the Van't Hoff rule. The amount of decomposition gases of HMX
below 150 °C obtained by DVST are less than 2.0 mL - g ™', showing that HMX has a good thermal stability. The Semenov equation
obtained by the time(t) required to decompose 0.1% HMX at different temperature ( T) is Int, =12157.95/T —19. 0052. The
effective storage life needed to consume 0.1% HMX at 25 °C deduced by this equation is 90.6 a.

Key words: physical chemistry; dynamic vacuum stability test (DVST); HMX; kinetic parameter; mechanism function; thermal
stability; storage life
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