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Table 1 Parameters for numerical simulation of a two-step continuous decomposition reaction
parameters of the first step parameters of the second step
model Q:Q,
A/ls™! E/k)-mol™" n, n, A/ls™! E/kl-mol™  n, n,
N-order + N-order / e” 160 1.0 / 3:7,7:3
N-order + Autocatalysis e' 120 1.0 1.0 3:7,7:3
e'-e* 50-250 0.1-3.0 )
Autocatalysis + N-order 0.1-3.0 e” 160 1.0 / 3:7,7:3
Autocatalysis + Autocatalysis 0.1-3.0 e' 120 1.0 1.0 3:7,7:3
Note: A is prefactor, s™'. Eis activation energy, kj-mol™. Q, is the exothermic quantity of the reaction in step i, J. n,. n, are reaction order.
R2 PR AR S A
Table 2 Parameters for numerical simulation of a three-step continuous decomposition reaction
parameters of the first step second step third step
model - - Q,:0Q,:Q,
Als E/kJ-mol n, n, A E n A E
N-order + N-order + N-order / e” 180 1.0 e” 190 1.0  5:3:2;2:5:3
e*-e*®  50-250 0.1-3.0 ) ]
Autocatalysis + N-order + N-order 0.1-3.0 e” 180 1.0 e 190 1.0 5:3:2;2:5:3
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Table 3 Kinetic parameters of this study and other relevant investigations
parameters InA/In(s™")  InZ/In(s™")  E/kJ-mol™ E/k)-mol™ n Q/)-g”!
this work 24.27 -3.23 165.49 9.93 1.04; 0.50 1364.97
1,8-dinitroanthraquinone .
Xia Zeyuan'g] 26.44 -3.91 177.03 0.27 1.16; 0.53 1339.48
Q this work 24.89 -3.91 113.21 2.88 1.52; 0.75 461.19
M-N .
Ke Haomin'®! 24.18 -2.99 111.00 0.11 0.04; 0.65 414.36
this work 50.70 - 314.05 - 0.46 242.29
1,5-dinitroanthraquinone .
Xia Zeyuan'?’ 44.53 - 282.01 - 0.30 190.89
this work 32.82 - 160.38 - 1.70 253.73
DNTF .
Gu Jiangshan"2°! 36.10 - 171.20 - 0.57 286.72
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Calculation Methods of Thermal Runaway Parameter for Multi-step Decomposition Processes Based on
the First Peak

QIAO De-qgian, WENG Shi-chun, GUO Zi-chao, RAO Guo-ning
(Department of Safety Engineering , School of Chemical Engineering ; Nanjing University of Science and Technology, Nanjing 210094, China)

Abstract: Currently, microchannel reactors are extensively employed in the synthesis of energetic materials, significantly en-
hancing the safety of the synthesis process. However, it is still crucial to consider the thermal stability of these materials. Two im-
portant parameters that characterize the risk of thermal decomposition for hazardous chemicals and energetic materials are the
time to maximum rate under adiabatic conditions(TMR,,) and the initiation temperature(T,,,), which corresponds to the time to
maximum rate within 24 hours. The traditional calculation methods for these two parameters are the single-step N-order method
and numerical calculations, which have drawbacks such as being time-consuming and labor-intensive during analysis. To ad-
dress this issue, this study proposes a method for calculating characteristic parameters of thermal runaway decomposition based
on the first peak observed after splitting a multi-peak curve in dynamic test curves obtained from Differential Scanning Calorime-
ter(DSC). Furthermore, a comparison between this paper’s method and a modeling method using an exhaustive approach was
conducted by evaluating T,,, deviation. Numerical simulation was employed for verification purposes, enabling calculation of
thermal runaway characteristic parameters of four substances, namely 1, 8-dinitroanthraquinone, M-NQ, 1, 5-dinitroanthraqui-
none, and DNTF based on literature experiments. The results indicate that numerical simulations demonstrate a maximum per-
centage T,,, deviation of 2.88% and 6.9% for two-step and three-step consecutive reactions respectively. The maximum devia-
tion observed was 6.41 °C; for three-step continuous reactions, the T,,, exhibited a maximum deviation of 5.39 °C. Furthermore,
experimental results employing the methodology proposed in this study demonstrated that the T,, values for four energetic mate-
rials were calculated with the deviations of =4.55 °C, 0.71 °C, 3.16 °C, and —0.84 °C respectively; all absolute percentage devia-
tions were less than 2% when compared to T,,, obtained through model calculations. These findings validate the effectiveness of
the proposed T,,, calculation method presented in this paper as it exhibits minimal deviation during calculation while offering a
straightforward computational process capable of accurately determining thermal decomposition runaway characteristic parame-
ters.

Key words: microchannel; multi-step decomposition;time to maximum rate under adiabatic condition first peak;thermal analysis
kinetics;numerical simulation
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