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Fig.1 DSC curves of MMH at four different heating rates
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Table 1

decomposition stage-determined from DSC curves at various

Thermal characteristic parameters of the exothermic

heating rates

Ty T, T, Tena AH,
sample o -
/K-min™" /K /K /K /K /)-g™!
1 445.47 459.70 465.46 468.07 901.22
2 448.86 464.38 471.19 476.34 917.72
MMH
8 460.36  469.65 486.67 498.41 1120.34
10 469.03 475.28 491.97 508.87 1080.83

Note: B is heating rate; T is onset temperature; T, is extrapolated onset tem-
perature; T, is exothermic peak temperature; T, is reaction termina-

tion temperature.
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Table 2 Kinetic parameters from the exothermic decomposi-

tion reaction for MMH at various heating rates based on DSC

curves

sample “ Ig(A/s™) fo 17
/kJ-mol~! « « /k)-molt ©

MMH 159.13 16.84 0.991  158.89 0.992

Note: f3, heating rate; E, apparent activation energy; A, pre-exponential con-
stant; r, linear correlation coefficient; subscript K and O data obtained

by Kissinger’s method and Flynn Wall Ozawa’s method from 7.
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Table 3 Thermal safety and thermodynamic parameters of
MMH

parameters MMH

T,o/K 440.74

Tspor/K 451.53

ToofK 458.01

AG?/k)-mol™ 121.46

AH"/kJ-mol™ 155.32

AS”/)-mol™ 73.93
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Table 4 Different times to ignition under different super criti-

cal ambient temperatures for MMH

g/ /K
0.1 460.33
0.2 445.32
0.3 437.51
0.4 432.60
0.5 429.25
0.6 426.86
0.7 425.10
0.8 423.78
0.9 422.77
1 421.97
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Kinetic Characteristics of Thermal Decomposition and Thermal Safety for Methylhydrazine

XU Fei-yang, WU Xing-liang, WANG Xu, LUO Yi-min, MA Teng, LIU Da-bin, XU Sen
(School of Chemistry and Chemical Engineering , Nanjing University of Science and Technology, Nanjing 210094, China)

Abstract: The thermal decomposition characteristics and thermal safety of methylhydrazine (MMH) were studied by means of
differential scanning calorimetry (DSC). The kinetics, thermodynamics and thermal safety parameters of MMH were calculated,
respectively. The thermal explosion delay period of MMH of ball shaped with radius of 1 m at different supercritical ambient tem-
peratures were also obtained. Based on the isoconversion rate method, the adiabatic induction period and self-accelerating de-
composition temperature of MMH were further evaluated by using AKTS software. The results show that the thermal decomposi-
tion process of MMH has only one strong exothermic peak. The apparent activation energy values of MMH calculated by Kissing-
er and Ozawa methods are 159.13 kJ-mol™" and 158.89 kJ-mol™', respectively. The values of T, , of MMH is 469.55 K. The val-
ues of entropy of activation (AS”) , enthalpy of activation (AH") , and free energy of activation (AG”) are 73.93 J-mol™,
155.32 kJ-mol™ and 121.46 kJ-mol™, respectively. The corresponding temperatures for adiabatic induction period at 8, 24 h
and 168 h are 429.55, 424.05 K and 414.95 K, respectively. When the packing mass was 5, 25, 50 kg and 100 kg, the
self-accelerating decomposition temperatures of MMH are 415.15, 414.15, 413.15 K and 412.15 K in turn. The results provide
the necessary theoretical basis for evaluating the thermal safety of MMH in the processes of production, storage, transportation
and use.

Key words: methylhydrazine;thermal decomposition characteristics;kinetic parameters;thermodynamic parameters;adiabatic in-
duction period;self-accelerating decomposition temperature
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