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Study on the oxidation characteristics of long-flamed coal spontaneous
combustion at different oxygen concentrations
QU Guo-na” , MIAO Yu-xin, JIA Ting-gui
(School of Mining and Coal, Inner Mongolia University of Science & Technology, Baotou 014010, China)

Abstract: To investigate the coupling mechanism between oxygen concentration and the evolution of weight loss
characteristics and key functional groups during the oxidation of long-flame coal , three oxygen concentrations (5% ,10%,
and 21% ) were used as the reaction atmospheres. Thermogravimetric analysis coupled with in-situ Fourier transform
infrared spectroscopy was employed to study the characteristic temperatures and the variation patterns of functional groups
during the coal oxidation and thermal weight loss process.Based on grey relational analysis, the correlation between the
spontaneous combustion weight loss and functional groups was analyzed to identify the key functional groups involved in
the weight loss process under different oxygen concentrations. The results indicate that as the oxygen concentration
decreases , the characteristic temperatures of each oxidation stage shift towards higher temperature zones.The mass change
in the initial stage decreases by approximately 81.3% , demonstrating that low oxygen concentration can significantly
inhibit the coal oxidation reaction in its early phase.The activation energy of the oxidation reaction is also regulated by
oxygen concentration ; under low-oxygen conditions, the activation energy in the initial stage increases, suppressing the
reaction initiation. Oxygen concentration does not alter the sequence of functional group evolution but modulates their
relative importance during thermal weight loss. At 5% oxygen concentration , the decomposition of C=0 groups dominate ;
at 10% ,the process relies on the oxidation of structures like aliphatic chains and carboxylic acids; while at 21%, it is
governed by the ring-opening of aromatic structures and the deep decomposition of residual oxygen-containing functional
groups.

Key words: oxygen concentration; oxidation characteristics; thermogravimetric analysis; in-situ infrared
spectroscopy ; functional group evolution
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