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Features of adsorption pore structure in high-rank coal and its influence on methane adsorption capability

ZHANG Liming', LIN Jianyun', SI Leilei’, ZHAO Qiongxiang’, WANG Chen', WU Guopeng’
(1. Mining College, Guizhou University, Guiyang 550025, China;
2. Guizhou Xing'an Coal Industry Co., Ltd., Xingyi 561504, China)

Abstract: The pore structure has a significant impact on the capability of coal seams to adsorb methane. But
there is currently limited research on the features of adsorption pore structure in high-rank coal and its influence
on methane adsorption capability. Taking the high-rank coal samples from Nuodong Coal Mine of Guizhou
Xing'an Coal Industry Co., Ltd. as the research object, low-temperature N, adsorption and low-temperature CO,
adsorption experiments are conducted. Combined with fractal theory, this paper studies the pore structure features
of high-rank coal adsorption pores. Through high-pressure isothermal methane adsorption experiments, the
influence of coal reservoir properties, pore structure features, and fractal dimension on methane adsorption
capability is analyzed. The results show the following points. (D The pore morphology of high-rank coal
reservoirs is relatively simple, mostly consisting of parallel plate pores and narrow slit pores with open ends.
Micro pores dominate the pore structure of coal, with pore volume and pore specific surface area accounting for
more than 98%, providing space for gas enrichment. (2 The method calculates the comprehensive fractal
dimension of high-rank coal pores based on the proportion of pore volume in different aperture segments, with

micropore fractal dimension dominating the comprehensive fractal dimension. The pore structure of coal samples
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has obvious fractal features and strong heterogeneity of pores. (3 The Langmuir model can describe the

adsorption behavior of high-rank coal. The physical properties, pore structure, and fractal dimension of coal

reservoirs have a significant impact on methane adsorption capability. Langmuir volume is linearly positively

correlated with maximum vitrinite reflectance, vitrinite content, ash content, and moisture content. It is linearly

negatively correlated with inertinite content. The Langmuir volume is linearly positively correlated with the pore

specific surface area and pore volume of the adsorption pores. The Langmuir volume is weakly linearly correlated

with the fractal dimension. The research results can provide theoretical guidance for the exploration and

development of high-rank coalbed methane and the prevention and control of coal mine methane disasters in

southwestern Guizhou.

Key words: high-rank coal; adsorption pore; pore structure; gas adsorption; pore size distribution; fractal
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Table 1 Basic parameters of coal samples

SR Romax/% B/ % 1 /% eI/ % IKGY % K3 1% PRI 1% [ 72 B/ % fres
AR5 2.57 87.00 12.80 0.20 0.64 14.74 8.30 77.60 TCHRHE
R 2.68 93.00 6.80 0.20 0.88 28.83 11.81 61.99 B
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Fig. 1 Low temperature N; adsorption/desorption isotherm
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Table 2 Distribution features of pore specific surface area of coal samples for low temperature N, adsorption experiment

FLEEFR A (m?-g™) LIRS L%
JHRE L4 /nm BETHLELR AR/ (m*-g ™D
<10 nm 10~100 nm >100 nm <10 nm 10~100 nm >100 nm
KRS 7.949 1.293 1.145 0.147 0.001 88.55 11.37 0.08
K425 6.057 1.695 1.575 0.118 0.002 92.92 6.96 0.12
KR35 9.700 0.534 0.450 0.083 0.001 84.27 15.54 0.19
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Table 3 Distribution features of pore volume of coal samples for low temperature N, adsorption experiment
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<10 nm 10~100 nm >100 nm <10 nm 10~100 nm >100 nm
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R3S 1.245 0.452 0.768 0.025 36.31 61.68 2.01
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Fig.2 Low temperature CO; adsorption experiment results and pore size distribution features of different coal samples
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Table 4 Pore structure parameters of coal samples for low

temperature CO; adsorption experiment

e a‘LLlﬁEWH/ {M?MH/? WAL,
(m*g™ (10° em*g ™" fLA%/mm
LN 190.520 61.900 0.524
W25 146.755 51.415 0.548
W35 146.943 48.145 0.599
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Table 5 Pore structure parameters of adsorption pores of different coal samples

FUABY107 em® g™

LRIV (m> g™

HERE EFLAREY BAL LR IR
03~15nm  1.5~10nm  10~100nm  (107em gD 03~15mm  1.5~10nm  10~100 nm (m*g™
W1 61.900 1.208 1.132 64.240 190.520 1.145 0.147 191.812
WiZios 51.415 1320 0.850 53.585 146.755 1575 0.118 148.448
W35 48.145 0.452 0.768 49.365 146.943 0.450 0.083 147.476
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Fig. 3 Fractal fitting of frenkel halsey hill(FHH) model
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Table 6 Fractal dimension of different coal samples
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Fig. 4 Fractal fitting of V-S model
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Table 7 Fitting results of methane adsorption

MR Roamx/% Vi/(em® g™ P1/MPa R
RS 257 25.534 1.703 0.995
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Fig. 7 Relationship between methane adsorption performance and

physical properties of coal reservoirs
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