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Abstract : To investigate the evolutionary patterns of initial oxidation in coal subjected to mining—induced loads due to
changes in mechanical properties and pore — fracture structures, coal rock triaxial creep tests programmed — temperature
experiments, FTIR and AFM techniques were employed to conduct a comparative analysis of macro and micro parameters between
raw coal samples prone to spontaneous combustion and coal samples subjected to repeated loading—unloading cycles. The study
revealed that during the heating—oxidation process, the oxygen consumption and CO generation rates of loading—unloading coal
samples increased compared to the previous working condition. In the low —temperature stage, the critical temperature values
corresponding to the “sudden drop” and “sharp rise” points of indicator gas parameters gradually decreased ,while the increase
in these parameters for samples subjected to three and two loading—unloading cycles diminished compared to the prior working
condition. As the number of loading—unloading cycles increased, the content of aromatic hydrocarbon in oxidized coal samples
gradually rose, while the content of aliphatic hydrocarbon decreased. The content of hydroxyl group first declined and then
increased , and the carboxyl (—COOH) and carbonyl (—C=0) peaks exhibited a “saddle —shaped” trend, indicating an

accelerated oxidation process. The BJH specific surface area, pore volume, and adsorption—desorption differential of the coal
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samples progressively increased , reflecting the growth of micropores and the collapse or fission of mesopores and macropores in

coal samples due to loading—unloading effects. Compared with the previous working condition, the value of micro—pore structure

parameters of the first three loading—unloading cycles initially rose, then declined, and eventually approached zero. Based on

comprehensive analysis of four loading—unloading cycles, it was inferred that as experimental working conditions advanced, the

microporous structural parameters of coal exhibited a decreasing trend. This confirmed the existence of an optimal number of

loading—unloading cycles ( =3) and a BJH specific surface area ( = 27.002 m’/g) that maximize the oxidation and

spontaneous combustion potential of coal. In mining faces, protective coal seams, and adjacent coal layers affected by repeated

mining disturbances, the redevelopment and connectivity of cleat in coal is enhanced, and the degree of fragmentation is

increased. The potential risk of oxidation spontaneous combustion is increased.

Keywords : deep mining;raw coal oxidation;repeated loading—unloading ; microstructure ; qualitative and quantitative analysis
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Fig. 1 Loaded coal oxidation test device
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Table 1 Variations in oxygen—containing functional group peak areas in oxidized coal under cyclic loading and unloading
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Table 2 Variations in aromatic hydrocarbon peak areas in oxidized coal under cyclic loading and unloading

FEE TR (W ERE -em™)

RS
WA 694~711 cm™! WAL 675~900 cm™! WA 1 460~1 560 cm™' PHL3 032~3 060 cm™!
JEIR AT 1.13 4.57
T 1 R 1.12 5.80 0. 39
TNEITT 2 YRIRE 1.28 7.17 2.12
TN 3 YRR 1.45 7.83 1.06

A 6 MR 2 45 W, AR AU EIAT 1 K
SRR DS o i S AR WA AR AL RO Bl A N
T B BN, 48U A Hh 2R A8 S iR Bl ol ik
R BRI S BRI, AR C = C HFER
5 e —CH R MAC 06 o o 30 4o YR 300G ¥ 2605 17 K
TG 31| 45 g 13 JC I 9 AR fh it B HHL A e A 1 K
AR,

2.2.3 JEWiksrHr

Kl 6, JE%L 500~2 000 em ™" R L 4
A2 T AR 3% 1Y 15 U A B D7 8 06 15, L v D %k 743 ~
747 em™ —CH, WHEAPHHRE);1 373 ~1 379 em™
H—CH, HIEXFRASTE RSN B4 1 439~1 449 em™
H—CH, WHUIESTPI4RE) . o1 OMNIC $84 H i £t
AR S s AR i R i T R AR AL, L3R 2,

®3 REMIEFEAREERRZIERRET
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Table 4 Comparison of CO production rate and pore parameters of repeated loading and unloading coal samples

- I FHELEE CO 7L/ THERE CO AR/ BJH [WRWB  BIH LA/ Wik 22/
SRS
(107° mol-em™-s71) (1073 mol-em™+s71) (mz-gfl) (mL-g™") (cm3-g71)
IR 0.030 2 0.075 9 8.312 0.016 5.018
JIngEnfar 1 YRR 0.088 4 0.429 5 16.559 0. 024 21.532
JingEnfar 2 YRR 0.190 5 1.105 0 24.712 0.035 23. 165
JIngEIfar 3 YRR 0.205 0 1.188 8 27.002 0.038 26. 122

x5 REMBEEESH—XBEFTEESBTUEE
Table 5 Differences between the parameters of the coal sample and the previous experimental conditions for
different loading and unloading times

HERE NS X, -X,_, ) SHE A E

e eS|

X=X, X,-X, Xi-X,
I SR CO PR SR/ (107 mol-em™ +s7") 0.058 2 0.102 1 0.014 5
THURRE CO A EH/ (107 mol-em™ -s7") 0.353 6 0.675 5 0.083 8

BJH L EAY (m*-g ") 8.247 8.153 2.290

BJH fL%/(mL-g™") 0. 008 0.011 0. 003

W B — BB 22 8/ (om -1 16.514 1. 633 2.957
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