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Molecular simulation study on adsorption and desorption behavior of methane in low-rank coal
from Fukang, Xinjiang
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Abstract: The development of coalbed methane (CBM) from low—rank coal in the Fukang block, Xinjiang, has entered a bottleneck stage. A
large amount of adsorbed methane in the microscopic pores of low—rank coal has low desorption efficiency, and the adsorption and desorption
mechanisms remain unclear, resulting in low initial production rates, short durations of stable production, and poor development performance
in newly commissioned CBM wells. To address the challenges of low CBM recovery rates and the difficulty in effectively mobilizing adsorbed
methane, low—rank coal from the Fukang block, Xinjiang, was selected as the study subject. The coal’ s pore size distribution, molecular
formula (G, H,,30,,N;), and molecular structure were characterized using elemental analysis, N, adsorption, X-ray diffraction (XRD), Fourier

transform infrared spectroscopy (FTIR), and “C—nuclear magnetic resonance (“C—NMR), and a slit—type pore model was constructed.
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Adsorption behavior under varying slit widths, pressures, and temperatures was simulated using the grand canonical Monte Carlo (GCMC)
method, and the non-isothermal Langmuir adsorption isotherm for low—rank coal in the Fukang block was fitted. Subsequently, under the
conditions of 10.0 MPa and 308 K, molecular dynamics simulations of isothermal depressurization desorption processes were conducted for
slit coal-methane adsorption configurations with different apertures. The results showed that: (1) The dominant molecular architecture of
Fukang low-rank coal was a chain-like structure composed of benzene and naphthalene rings connected by aliphatic carbon chains, and
contained functional groups such as carboxyl, hydroxyl, and pyrrole groups. (2) At pore aperture below 2 nm, strong nano—confinement effect
deepened the adsorption potential well, leading to a single—peak methane density distribution, with micropore filling as the primary methane
storage mechanism. When the aperture was above 2 nm, the density distribution transitioned 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
reduced adsorption potential energy and provided kinetic energy for methane desorption, and this effect was more pronounced in slit pores with
apertures above 2 nm. Adsorbed methane still existed in the center of the slit, and the adsorption was jointly dominated by micropore filling and
surface adsorption. (4) In the slit with an aperture of 1 nm, high desorption energy barriers and low diffusion coefficients (7.5%X107° m*/s) led to
significant desorption hysteresis. In the slit with an aperture of 3 nm, the desorption energy barrier was low, the diffusion coefficient was
relatively high (64.7x10™° m*s), and no obvious desorption hysteresis occurred. In conclusion, reducing the adsorption/desorption energy
barrier in low—rank coal micropores is crucial to enhancing methane desorption efficiency and diffusion capacity. Through the coordinated
regulation of depressurization, pore expansion, and temperature increase, the combined fracturing technology of pre-injected CO, and self-
heating fracturing fluids, together with well-pattern thermal fluid displacement, represents an important technical direction for improving
recovery rates of low—rank CBM reservoirs in the Fukang, Xinjiang.

Keywords: Fukang, Xinjiang; low—rank coal; coalbed methane (CBM); adsorption and desorption; molecular simulation; micropore filling
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Fig. 1 Test results of proximate and elemental composition in Fukang low-rank coal of Xinjiang
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Table 1 Carbon structural types and relative contents of Fukang low-rank coal, Xinjiang, based on *C-NMR
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Fig. 7 Molecular simulation and slit-type pore model of Fukang low—rank coal, Xinjiang
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Fig. 8 Validation and comparative analysis results of molecular model for Fukang low—rank coal of Xinjiang
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