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Study on Kinetic characteristics of the whole process of coal oxidation and
combustion in Pingshuo Underground Mine No. 3
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Abstract: To address the spontaneous combustion problem of residual coal in thick coal seam subsidence areas of
Pingshuo Underground Mine No. 3 in Shanxi Province, this study used simultaneous thermal analysis (STA) and
programmed heating experiments to analyze the combustion kinetic characteristics of coal samples with different
gas flow rates (90 and 150 mL/min) and heating rates (10, 15, and 20 “C/min). The effects of gas flow rate and
heating rate on the evolution of coal spontaneous combustion stages and kinetic parameters were quantitatively
analyzed by employing thermogravimetry-derivative thermogravimetry-differential scanning calorimetry (TG-
DTG-DSC) multimodal data fusion. combined with Coats-Redfern integration. Achar differentiation and gray
correlation method. The study shows that the process of coal spontaneous combustion can be divided into three
stages: evaporation desorption, oxygen absorption weight gain, and oxygen-poor combustion. In the combustion
stage, the apparent activation energy decreases significantly with the increase of heating rate, indicating that rapid
heating accelerates the free radical chain reaction. In the low-temperature oxidation stage, the gas flow rate has a

significant impact on the oxygen consumption rate, and a low-flow environment is more conducive to the
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accumulation of local heat. The DSC analysis shows that the higher the heating rate is, the higher the heat release
peak becomes, and the grey correlation degree between the heat release rate and the reaction rate is higher than
90% , indicating a good correlation between them. The most probable mechanism function screening indicates
that the combustion in the early stage conforms to the three-level chemical reaction model, and in the later stage.
it transitions to the random nucleation and subsequent growth model, indicating that during the coal combustion
process at high temperatures, the coal samples undergo decomposition reactions at the fracture point or surface
area, generating new polymer products and undergoing interface reactions with the original particles.

Key words: synchronous thermal analysis; combustion kinetics; apparent activation energy; most probable mech-

anism function; low-temperature oxidation
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Table 2 Commonly used kinetic mechanism functions of solid-state combustion
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Fig. 4 Residual mass fraction and mass loss rate curves of coal samples at different heating rates
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Table 4 Staging criteria of spontaneous combustion stages
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20 30. 000~178. 984 178. 984~348. 984 348.984~786. 984
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Heat absorption and release quantities of coal samples in different stages at various heating rates

Table 5

THiRE A/ (C /min) R BCI)/(J g™ D WEHBD/Jg™ D BB BECID /(T = g7 D)
10 8.253 94 —147. 459 27 —2199.110 69
15 155.054 19 119.903 13 —2 340.722 85
20 59. 286 89 —124.109 91 —4 170. 328 28
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Table 6 Flammability index and steady combustion characteristic

index of coal samples burned poorly with oxygen
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Fig. 7 Variation of combustion reaction rate and heat release rate of coal samples
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Fig. 8 Screening results of the most probable mechanism function for coal samples
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Fig. 9 Stage differences in apparent activation energy
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