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In shale nanoscale pores, the CH4 molecular size is equivalent to the mineral molecular size, then, the non-
negligible gas-solid molecular interactions lead to the existence of a large amount of adsorbed gas with low
mobility, which has an important impact on shale gas production. Since the adsorption capacity of CO2 is
higher than that of CH4, the injected CO2 can be adsorbed on the mineral surface and replace the adsorbed
CH4, becoming an effective means to increase shale gas production and a potential way to realize CO2 geolog-
ical sequestration. However, the current explanation of CH4-CO2 competitive adsorption is mainly limited to
molecular simulation based on a single nanopore, the pore-scale competitive adsorption behavior in porous
media with complex pore structure is still poorly understood and consumes a lot of computing resources.

In this paper, a multi-component lattice Boltzmann method coupled with molecular simulation and machine
learning is proposed to accurately simulate and rapidly predict the competitive adsorption behavior of CH4-
CO2 in shale kerogen and illite three-dimensional nanoporous media. Firstly, the density distribution of the
miscible CH4-CO2 in kerogen and illite pores with different CO2 molar fractions is calculated by molecular
simulation. Then, by fitting the molecular simulated density distribution, the CH4-solid and CO2-solid in-
teraction force parameters in the multi-component lattice Boltzmann model are modified, and the CH4-CO2
competitive adsorption in kerogen and illite porous media is simulated based on the fitting parameters. Fi-
nally, the porous media are divided into 2095 pore structures by watershed segmentation algorithm, then, the
artificial neural network is trained by pore-structure characteristics and competitive adsorption capacity to
accurately predict the CH4-CO2 competitive adsorption content in arbitrary pore structure and porous media.

This method overcomes the limitation of computing resource consumption of molecular and pore-scale sim-
ulations, and provides an effective method for the accurate simulation and rapid prediction of multi-phase
multi-component competitive adsorption behaviors in nanoscale space.
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