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Molecular simulation study of CO, and O, adsorption characteristics
and diffusion pattern in coal body at atmospheric pressure

JIA Tinggui, WU Xingyu, QU Guona
School of Mining and Coal , Inner Mongolia University of Science and Technology , Baotou Inner Mongolia 014000, China

Abstract : In order to investigate the adsorption characteristics and diffusion law of CO, and O, in coal ,
the adsorption and diffusion processes of CO, and O, in coal at different molar ratios, temperatures and
pressures were simulated using the grand canonical system Monte Carlo and molecular dynamics meth-
ods. The findings indicated that; (D CO, was distributed in clustered aggregation and O, was distribu-
ted in point-like dispersion in coal. Under identical conditions,the adsorption quantity, equivalent ad-
sorption heat, average mass density, and adsorption selectivity were CO,>0,. @ With the increase of
the molar ratio of CO, ,the adsorption amount, the equivalent adsorption heat, and the diffusion coeffi-
cient of CO, exhibited a tendency to increase. The mass density of CO, increased with the increase of
the mole fraction,but an excessive increase in the mole fraction of CO, results in an increase in the O,
diffusion coefficient. With increasing pressure, the adsorption selectivity coefficient of CO, decreases
from 7. 67 to 3. 69. 3 The adsorption of O, is weaker than that of CO, ,and the diffusion of O, shows a
decreasing trend , while the diffusion of CO, shows an increasing trend. An increase in temperature has

a detrimental effect on the adsorption capacity of coal for CO, and O,. However,the diffusion of O, and
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CO, exerts a significant promotional influence,with a higher temperature facilitating the diffusion of the

two gases and accelerating the desorption from coal. Consequently ,the diffusion coefficient demonstrates

an increasing trend. The findings of this study may serve as a valuable reference for the prevention and

control of spontaneous coal combustion and other related disasters.
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Fig.1 Molecular structure and modeling of coal
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Table 1 Simulation schemes with different molar ratios and different temperatures and pressures
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Fig.2 Cellular configurations of CO, and O, at different molar ratios, pressures and temperatures



980 o B

ffi ] Forcite AR LA LA 2 RE IR AL AR AL
AAFRE R T A LS M AL J5 R ] MD 712,
Forcite B3 [ Dynamics #1770 F 3l J1 2240, &
£ Compass 7137 Hifif Forcefield assigned , # & 1%
A Medium , B2 BUH 18.5 A, B ALL A [A]
4100 ps, 7ij 50 ps FHF A5 NVT @4, J5 50 ps
FHFAHT21 0 R NVT REEHETT 50 ps 43 T30
s PR TN Andersen FUAEIR, 7T 155
Fa S 1) 2 W BT AR 237 O REAR B P 4 i g 12
N Nose ## , $hAT 50 ps 3l Jy2p B, HI T 3R BC3h
A SR B P ALK 10 £, 4 500 4
it — IR B R

2 GRS

2.1 WHESH

A 7 o] AR AR W B 9 A48,
RREEAS AR e BT Y €O, .0, 4%k, R =X
AT A R R B

Nam 3
V= x 10 (1)
NM

Ao, Vo W RS Y I B A, mmol/g s N, 4T
BN, R b EG M, S BRAS fRAY N M, R
JRAR I B /R Bt U 115 037 g/mol ,

ANFVEE R b R 0 AL EE 454 T €O, .0, By
B L2 2,

x2 AEEREREFMENR CO,.0, HRHE

Table 2 Adsorption of CO, and O, at different molar ratios, temperatures and pressures
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Fig. 3 Equivalent adsorption heat of CO, and O, at different molar ratios, pressures and temperatures
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Table 3 Adsorption selectivity of CO, on O, at different molar ratios, pressures and temperatures
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Table 4 Fitted relationship between CO, and O, at different molar ratios
y=ax+b R? D/ (1078m? - s71)
JEEIR L
CO, 0, co, 0, co, 0,

0:1 0 y=0. 124x+2. 041 0 0.95 0 2.06x1072
1:1 y=0.051x+4.677  y=0.076x+6. 301 0.88 0.87 8.50x1073 1.27x1072
3:1 y=0.071x+4.944  y=0. 028x+10. 420 0.82 0. 86 1.19x1072 4.60x1073
5:1 y=0.058x+4. 677 y=0.082x+8.319 0.83 0.82 9.6x1073 1.37x1072
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Table 5 Fitted relationship between CO, and O, under different pressure conditions

) y=ax+b R? Dg/( 1078m? - s7)
J£J1/MPa
o, 0, Co, 0, Co, 0,
0. 06 y=0.014x+1. 652  y=0.109x +1.297 0.93 0. 81 2.33x107° 1.82x1072
0. 08 y=0.045x+4.515  y=0.093x +8.295 0.85 0.74 7.50x1073 1.55%1072
0.10 y=0.066x+4. 543 y=0.048x +4.939 0. 81 0.87 1.11x1072 8.00x1073
0.12 y=0.071x +4.944  y=0.028x+10. 422 0. 82 0. 86 1.19x1072 4.60x107°
0.15 y=0.104x +2.093  y=0.007x+10. 422 0.91 0.29 1.73%1072 1.17x1073
x6 ARIBEEHT CO,.0, HUEXE
Table 6 Fitted relationship between CO, and O, under different temperature conditions
y=ax+b R? Dy/( 108m? - s71)
/K
Co, 0, co, 0, Co, 0,
303 y=0.071x+4.944  y=0.028x+10. 418 0.82 0. 86 1.19x1072 4.60x107
323 y=0.072x+5.009  y=0.063x+10. 418 0.83 0.73 1.20x1072 1.05x1072
353 y=0.084x+5.084  y=0.068x+12.921 0.82 0.72 1.40x1072 1.13x1072
383 y=0.087x+6.051  y=0.122x+13. 624 0.72 0.76 1.45x1072 2.03x107
403 ¥=0.095x+6.639  y=0. 152x+10. 653 0. 87 0.83 1.53%1072 2.53%x1072
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