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Abstract: Current studies on the methane adsorption/desorption behavior in kerogen are primarily conducted based on
fixed pore structures. Consequently, the influence patterns and mechanisms of the pore deformation of kerogen on
methane adsorption/desorption remain poorly understood. Using molecular simulation, we explore both the methane
adsorption/desorption behavior in shale kerogen and the coupled pore deformation characteristics. By constructing and
characterizing a nanopore model of kerogen, we investigate the influence of pressure on kerogen deformation. Using a
coupling method combining Grand Canonical Monte Carlo (GCMC) and molecular dynamics (also referred to as the
GCMC-MD method) , we analyze the coupling characteristics of methane adsorption and kerogen deformation.
Additionally, through methane desorption simulation using a kerogen model under high-pressure adsorption
equilibrium, we investigate the characteristics and causes of methane desorption hysteresis. The results indicate that
ultramicropores in Type II D kerogen serve as the primary migration pathways, while isolated ultramicropores also have
the potential to act as migration pathways due to the influence of pore deformation. The pore structures of kerogen
generally are reversible during the pressure increase and decrease cycles. The methane adsorption-induced kerogen
deformation can be divided into two stages: volume expansion and pore reorganization. The structural deformation of

kerogen enhances the methane adsorption capacity, while the selective adsorption of methane onto high-affinity
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heterogeneous sites in kerogen leads to pronounced changes in pore space. Small desorption hysteresis loops are

observed within the deformed structures of kerogen. The methane desorption hysteresis is primarily caused by pore

deformation rather than the thermodynamic differences between adsorption and desorption and the capillary condensation

effect.
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Fig. 1 Structural relaxation and annealing of the nanopore model of kerogen
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Table 3 Pore structure parameters of kerogen under

varying pressures

FEJiMPa BURARUAT  FLBRE%  FLBREEEAY (mYg)

0.10 101 310 = 206 16.4+0.3 567.1+15.4
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20.27 100463 251  15.7+0.4 533.1+18.2
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20. 27 100 373 + 206 15.2+0.2 512.3+4.4
10.13 100543 222 15.7+0.3 534.3+14.5

0. 10 100842373 16.1+0.2 550.9+7.0
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Table 4 Void parameters of kerogen under varying

fluid pressures
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Fig. 7 Methane adsorption/desorption curves of fixed (a) and deformed (b) pores in kerogen
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