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Comparative study on effect of microstructure characteristics on adsorption of CH,

and CO, in anthracite based on molecular simulation

XIN Xinxinl, SA Zhanyoul, YANG Shuaiz, WANG Dongmeil, LIU Jiel, LU Shouqingl, SHAO Bing1
(1.School of Mechanical & Automotive Engineering, Qingdao University of Technology, Qingdao 266520, China; 2. Rizhao East Port Branch, Agricultural
Bank of China Co., Ltd., Rizhao 276800, China)

Abstract: In order to explore the effects of pore size, aromatic lamellar stacking degree, aromatic lamellar ductility, gas temperature and
gas pressure on the competitive adsorption of CH, and CO,, the No.3 coal from Jincheng mining area was taken as the research object. The
adsorption process of binary mixed gas of CH, and CO, in coal under different temperatures, pressures, pore diameters, aromatic lamellar
stacking degrees and aromatic lamellar ductility was studied. The microstructure of coal was tested and analyzed based on industrial ana-
lysis and X-ray diffraction experiments. Molecular simulation of the process of gas mixture adsorption in coal using the Grand Canonical
Monte Carlo (GCMC) method. The results shown that, the increase of gas pressure was favorable for adsorption, and the adsorption capa-
city of CO, was close to saturation at a pressure of 5 MPa. The increase of temperature led to a decrease in the maximum adsorption capa-
city and adsorption heat of CO, in coal. The increase of pore size led to the increase of CH, adsorption capacity in coal, with the fastest in-

crease in CH, adsorption occurred when pore size increased from 1 nm to 2 nm. With the increase of aromatic lamellar stacking degree, the
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number of gas molecules adsorbed in coal did not change significantly, but CO, adsorption capacity of per unit mass in coal decreased rap-

idly, and the CH, adsorption capacity decreased slightly. With the increase of aromatic lamellar ductility, the number of CH, molecules ad-

sorbed in coal increased slowly and the number of CO, molecules adsorbed increased rapidly, and the change of the two gases adsorption

capacity in coal per unit mass was not significant. From the perspective of adsorption capacity and adsorption heat, CO, is in a dominant

position in the competitive adsorption process, so injecting CO, into coal seam can effectively displace CH,. The results of this paper

strengthened the molecular understanding of the adsorption of binary mixed gas of CH, and CO,, which can lay a theoretical foundation for

the enhancement of coalbed methane extraction by CO, injection.

Key words: Jincheng mining area; microstructure; GCMC; molecular simulation; CO,—~ECBM
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Table 1 Results of industrial analysis and vitrinite

reflectance test of coal samples %
e Tolv 2 <
M, Ay Vg FCy
I 1.65 10.92 9.62 77.81 2.51
1, 1.12 16.68 8.02 74.18 2.65
I 1.98 9.23 7.24 81.55 3.05
1y 1.43 10.05 7.02 81.50 3.07
Js 1.12 21.90 7.65 69.33 2.99
Js 2.98 11.92 7.98 77.12 2.67
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Fig.1 XRD initial patterns of coal samples
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Table 2 Aromatic kernel parameters of coal samples
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Fig.2 Molecular model of J; coal with a pore size of 1nm
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Table 3 Supercell parameters of coal molecular models

Hi'T AR Kmm C/JZ NA% Lynm Lonm
J-K-1 1 7 11 2710 2404
JK-2 2 7 11 2710 2404
JK-3 flizK 3 7 11 2710 2404
JK-4 4 7 11 2710 2404
J-K-5 5 7 11 2710 2404
J-C-4 1 4 11 2710 1374
1-C-5 1 5 1 2710 1717
J-C-6  FHEREHEMZHC 1 6 11 2710  2.060
J-C-7 1 7 11 2710 2404
1-C-8 1 8 11 2710 2747
J-N-9 1 7 9 2218 2404
J-N-10 1 710 2464 2404
JN-11 FERBERMGEHEN 1 7 11 2710 2.404
J-N-12 1 7 12 2957 2404
J-N-13 1 7 13 3203 2404
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Fig.3 Fitting results of CH, adsorption on coal at 10—50 °C
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Table 5 Adsorption capacity and pore volume of coal with different pore sizes
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