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Table 2 Kinetic parameters of the reaction model for BO™*

parameters 1t stage( N-order) 2" stage(autocatalytic)
AlsT (2.39+0.04)x108 (5.77+£0.12)x10°
E/kJ-mol™! 91.5%£2.0 48.0+1.0
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Q/)g! 1720.6x30 1853.4+35
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Table 3 Thermal explosion parameters of HNIW and HMX!*

heatrate ~ SADT CT ET T,
shape sample )
/C-min™"  /C /°C /°C /°C
110 100 105 87.4
HNIW
2 108 98 107 85.3
Bucket
1 140 130 135 115.8
HMX
2 148 138 143 108.8
1 118 108 113 108.2
HNIW
2 119 109 114 110.1
Cubic box
1 155 145 150 145.1
HMX
2 154 144 149 139.1

Note: CT is control temperature, 10 °C lower than SADT ; ET is emergency
temperature, 5 °C lower than SADT; SADT is defined as the lowest
temperature at which an overheating in the middle of specific packag-
ing exceeds 6 °C after a lapse of the period of 7 days or less, which
was measured from the time when the packing center temperature
reaches 2 °C below the ambient temperature; T, is the critical temper-

ature of thermal explosion.
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Fig.6 Heat flow signal of AIBN recorded by DSC at a heat-
ing rate of 2 K-min™ (A, low temperature (L-T) polymorph;
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AIBN; E decomposition of AIBN in the liquid phase)’®
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Table 4 Previous work on thermal decomposition of AIBN

Ref.  experimental method kinetics SADT / °C
[4]  UN.HI1 none 47
[56] Non-isothermal DSC

[44] Isothermal DSC at H-T

[57] Isothermal DSC at H-T

model-free 63
model-based 46
model-free .KS model  47.16

Isothermal (H-T) +
[45] . model-based 46
Non-isothermal DSC

[58] Isothermal TAM at L-T  model-free 46
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Review on Thermal Decomposition Kinetics and Theoretical Evaluation Method for Thermal Safety of
Energetic Materials

LI Chen'’, MA Feng-guo’, SUl He-liang', YU Qian’, YIN Ying', SUN Jie'
(1. Institute of Chemical Materials, CAEP, Mianyang 621999, China; 2. Qingdao University of Science & Technology , Key Laboratory of Rubber-plastics ,
Qingdao 266042, China)

Abstract: In recent years, the theoretical evaluation method of thermal safety based on thermal decomposition kinetics has at-
tracted extensive attention, and has gradually developed into an important supplement to traditional experimental methods. In
this paper, the research progress of thermal safety evaluation based on thermal decomposition kinetics is reviewed. Three meth-
ods for obtaining kinetic parameters are introduced, namely, simple linear fitting method, isoconversional method and mod-
el-based simulation method. The applicable conditions of these methods are discussed. The modeling process and characteristics
of the model-based simulation method are analyzed. On this basis, combined with several important thermal safety indicators,
the practical application of thermal safety evaluation of energetic materials and other dangerous substances based on thermal de-
composition kinetics is introduced. At the end, some controversial issues are discussed, such as the method selection when solv-
ing the thermal decomposition parameters (isoconversional method or model-based simulation method) ; and the implementa-
tion of the experimental scheme for energetic materials with molten decomposition characteristics. It is proposed that more atten-
tion should be paid to the compatibility of sample status, experimental techniques, and evaluation goals.

Key words: energetic materials;thermal decomposition kinetic model;thermal safety; theoretical evaluation method
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