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Characteristics of low temperature coal oxidation and
prediction model of critical point based on activation energy calculation

GAO Yulong, LI Lin, CHEN Junchao, JIANG Deyi, CHEN Jie , ZHANG Li
(State Key Laboratory for the Coal Mine Disaster Dynamics and Controls,
Chongqing University, Chongqging 400044, P.R.China)

Abstract: To investigate the characteristics of adiabatic oxidation reaction and predict critical temperature of
coal spontaneous combustion, we carry out the adiabatic oxidation experiments of five coal samples and use
the index of activation energy to reflect the characteristics of microcosmic reaction of spontaneous
combustion in different stages. In addition, the critical point (T,.) is determined by using the F test of
linear regression analysis. The results show that in the early stage of low temperature oxidation of coal, the
values of activation energy range greatly, which indicates that reactions of the functional groups is very
unstable at this time; as the temperature increases, the values of all samples are in a range of 55 to
70 kJ/mol in late period of the experiment, which indicates that the reaction has become relatively stable;
T. has good correlation with macro-heating rate, which indicates the model is scientific. In addition, T, has
linear relationship with ¢, (the time needed for spontaneous combustion temperature increasing to 160 C in

the experiment). Thus T. could be predicted by z,. This research could provide reference for the prevention
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fire and coal storage in mine.
Keywords: adiabatic reaction; coal spontaneous combustion; critical point; activation energy;

functional group
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Fig.1 Schematic of adiabatic oxidation reactivity apparatus
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Table 1 Element analysis of coal samples %
P Koo ®K Gy L I#i] 7 ik
1% 10.9 47.8 24.7 16.6
2= 12.3 39.1 24.7 21.2
35 14.1 16.1 24.7 45.1
45 11.9 28.4 24.7 35
5% 19.2 7.2 35.6 38
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Table 2 R70 of coal samples C/h
P RE 15 25 35 45 55
R70 4.1 6.0 14.1 9.3 26.8
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Table 3 The activation energy of coal samples in initial 20minutes kJ/mol
HERE 1% 2% 3% 4% 5%
i A fie —163.3 —189.5 —73.3 —137.8 —51.6
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Table 4 The activation energy of coal samples in last 20 minutes kJ/mol
HEHE 1 2% 3% 1B 55
i fefie 69.9 56.3 57.8 68.2 60.6
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Table 5 Critical point temperature of coal samples C
e b 15 2 5 35 15 5 5
it 7 5 103 87 67 73 63
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