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Molecular Simulation Study on the Adsorption and Desorption Behavior of Methane in Low—
Rank Coal from Fukang, Xinjiang
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Abstract: The development of low—rank coalbed methane in the Fukang Block of Xinjiang has entered a bottleneck stage, necessitating an
urgent enhancement and acceleration of exploration and exploitation initiatives. However, the inefficient methane desorption process within
the microscopic pores of low—rank coal, combined with poorly understood adsorption and desorption mechanisms, has resulted in challenges
such as low initial production rates, short durations of stable production, and suboptimal development performance in newly commissioned
coalbed methane wells. To address challenges such as low recovery rates and the difficulty in mobilizing adsorbed—phase methane, low—rank
coal from the Fukang block was selected as the study subject. The coal’s pore size distribution, molecular formula (C,,,H,,0,,N;) and
molecular structure were characterized using elemental analysis, Low—temperature N, adsorption, XRD, FT-IR, and "C—NMR, enabling the
construction of a slit—shaped pore model. Adsorption behavior under varying slit widths, pressures, and temperatures was simulated via the

grand canonical Monte Carlo (GCMC) method, and a non—isothermal Langmuir equation was fitted to describe methane adsorption in the
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Fukang coal. Subsequently, isothermal depressurization desorption processes were analyzed using molecular dynamics simulations based on
adsorbed methane configurations in slit pores at 10 MPa and 308 K. Key findings include: (1) The dominant molecular architecture of
Fukang low-rank coal consists of aliphatic chains linking aromatic rings (benzene/naphthalene), functionalized with carboxyl, hydroxyl, and
pyrrole groups; (2) At slit widths below 2 nm, strong nano—confinement deepens the adsorption potential well, leading to a "single—peak"
methane density distribution, with micropore filling as the primary storage mechanism; above 2 nm, the density profile transitions to a
"double—peak" pattern accompanied by a non—adsorption zone, indicating a shift toward surface—dominated adsorption; (3) Under high—
pressure conditions, elevated temperature reduces adsorption potential energy, thereby promoting methane desorption—this effect is more
pronounced in pores >2 nm, where both micropore filling and surface adsorption co—dominate, the central region of the slit still exhibits
adsorbed methane; (4) In narrow slit (1 nm), high desorption energy barriers and low diffusion coefficients (0.075 A%ps) lead to significant
desorption hysteresis, whereas wider slit (3 nm) exhibit lower energy barriers and higher diffusivity (0.647 A*/ps), eliminating hysteresis. In
conclusion, reducing the adsorption/desorption energy barrier in low—rank coal micropores is crucial for enhancing methane desorption
efficiency and diffusivity. A synergistic strategy combining depressurization, aperture expansion, and thermal stimulation—implemented

through pre—injected CO, combined with self-heating fracturing fluids, followed by well-pattern thermal fluid displacement—represents a

promising pathway for improving recovery rates in low—rank coalbed methane reservoirs in the Fukang block.

Keywords: Fukang block; low—rank coal; coalbed methane; adsorption and desorption; molecular simulation; micropore filling
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Fig. 4 FT-IR spectroscopic analysis results of low-rank coal
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Table 1 Functional group composition table of low-rank coal in Fukang, Xinjiang
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FHME 7.50 11.31 16.98 35.61 17.24 11.36
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Table 2 Functional group content table of low-rank coal in Fukang, Xinjiang
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Fig. 9 The impact of reservoir pressure on methane adsorption potential under various slit apertures
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Fig. 11 The impact of reservoir temperature on methane adsorption potential under varying slit apertures
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Fig. 12 The impact of reservoir temperature on methane density under various slit apertures
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Fig. 13 Evolutionary curves of methane density during pressure reduction desorption under varying slit apertures
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