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Abstract: Supercritical CO2 (Sc-COy) fracturing in deep coal reservoirs offers dual benefits of enhanced permeability and carbon
sequestration. This study integrates experimental analysis, theoretical modeling, and numerical simulation to investigate the
mechanical response mechanisms of fracture initiation and propagation in deep coal reservoirs during Sc-COz fracturing, elucidate
the mechanisms of production enhancement, and propose integrated research directions of fracture propagation and increased
permeability and production. The results show that the fracture initiation and propagation of Sc-CO: fracturing in deep coal
reservoirs are jointly influenced by reservoir characteristics and CO2 injection parameters, with the mechanical response constrained
by mechanisms including surface energy reduction, plasticization, expansion, and mineral dissolution. A staged model of
thermo-hydro-mechanical coupling-energy and mass transfer can characterize the fracture propagation and production enhancement

effects across stages (Sc-CO: fracturing, phase-change fracturing, and modification). Sc-CO2 achieves production enhancement
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through methane displacement, mechanical weakening, and permeability increase. Future research should focus on the differential

fracture propagation laws, the dynamic heterogeneous fracture propagation mechanisms, and the integrated evaluation for fracturing

and production enhancement during Sc-CO: fracturing in deep coal reservoirs. This research provides technical support for the

Sc-CO: fracturing design in deep coal reservoirs and coalbed methane production enhancement projects.
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Fig. 1 The phase transition of (a) shallow coal reservoirs and (b) deep coal reservoirs after injecting liquid CO2
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Fig. 2 The relationship between natural fractures, rock
strength and different coal-bearing combinations, coal
macro-lithotype in deep coal reservoirs (modified from Li
etal., 2023)
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Fig. 5 Response mode of internal fracture structure in deep coal under the action of supercritical CO2+water (modified from

Sang et al., 2022)
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recovery in deep coal under supercritical CO2
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