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Abstract: To reveal the influence of water on the CO,~ECBM (CO,-replacement of CH,) effect in deep coal seams, using Fuchang deep coal
as the research object, experiments such as "*C nuclear magnetic resonance spectroscopy ("C-NMR) and X-ray photoelectron spectroscopy
(XPS) were conducted. A coal matrix model was constructed using molecular simulation software, and the microscopic mechanism of water’s
effect on the CO,~ECBM process in deep coal seams was studied using molecular simulation methods. The results show that after the coal
matrix adsorbs gas, it undergoes significant expansion, and the pore volume significantly decreases. When saturated with adsorbed CH,, the
coal matrix porosity decreases by 72.2% compared to the initial value; when the molar fraction ratio of CO, to CH, (@, /®y, ) is 2, the
permeability of the coal matrix decreases by 83.8%. An increase in water content significantly inhibits the coal storage performance,
compared to dry coal, the permeability of coal matrix with 1%, 3%, and 5% water content decreases by 50.9%, 94.9%, and 99.6%
respectively, indicating that water strongly hinders gas flow. The competitive adsorption characteristics show that as @, /@y, increases, the

CO, adsorption amount increases, while the CH, adsorption amount rapidly decreases and is replaced. When w, /@y = 1.2, the replacement
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rate tends to be stable; an increase in water content reduces the absolute adsorption amounts of CO, and CH, and the CO, injection ratio, but

has a smaller impact on the relative replacement rate of CH,. The adsorption heat of CO, is higher than that of CH,, indicating that CO, has a

stronger affinity for coal; an increase in water content increases the adsorption heat of both gases, but is lower than 42 kJ/mol, indicating that

the adsorption process is physical. The interaction energy between coal and CO,, CH, is in the order of E,,.co,> Ecpucu,> Eco,-cu,, and CO,

maintains an advantage in competitive adsorption; the diffusion coefficients of CO, and CH, decrease significantly with an increase in water

content and @, /¢y, and the decrease of CH, is greater than that of CO,, indicating that CH, diffusion is more sensitive to water. The study

reveals the microscopic mechanism of CO, replacement of CH, in water—containing coal seams, which can provide a theoretical basis for the

efficient development of coalbed methane and the engineering practice of CO, geological storage.

Keywords: deep coalbed methane; molecular model; moisture content; CO,—~ECBM; molecular simulation
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