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Carbon dioxide impact fracturing on the evolution of
the pore structure of the coal body

ZHAO Yunxia', JIJANG Zebiao'?, CHEN Siliang', GAO Shikang', MO Qiaoshun'

(1. College of Mining, Guizhou University, Guiyang 550025, China; 2. Key Laboratory of Comprehensive
Utilization of Nonmetallic Mineral Resources in Guizhou, Guiyang 550025, China)

Abstract: [Objective] To investigate the influence of CO, impact fracturing on the multidimensional pore structure of the coal body and its
potential application in coal seam gas control, this study systematically analyzed the multiscale evolution characteristics of the pore
structure of the coal body before and after CO, impact fracturing and its influence on the permeability of the reservoir and the methane
adsorption capacity using typical coal samples as the research objects. This study aims to reveal the structural response laws of macropores,
mesopores, and micropores of coal bodies and provide the scientific basis and practical guidance for coal seam gas management and
reservoir modification. [Methods] In this study, the multiscale modification effect of CO, impact fracturing on the pore network of the coal
body was systematically and quantitatively analyzed using the mercury pressure method, nitrogen adsorption—desorption (BET), and CO,
adsorption experiments and by combining several parameters, such as pore size distribution, specific surface area, pore volume, and fractal
dimension. The results showed that CO, impact fracturing can modify the pore network of the coal body at multiple scales. The main focus
was to characterize the changes in the pore properties of the coal body before and after CO, impact fracturing in the ranges of macropores
(>50 nm), mesopores (2—50 nm), and micropores (<2 nm). The experimental data were analyzed in depth in conjunction with fractal theory
to assess the pore structure complexity and its connectivity evolution trend. [Results] CO, impact fracturing significantly improved the
pore structure properties of the coal body. The specific surface area of macropores, mesopores, and micropores of fractured coals increased
by 3.957, 11.112, and 39.182 m?/g, respectively, and their pore volumes increased by 0.037 5, 0.018 3, and 0.007 5 cm®/g, respectively. In
the range of 50-2,000 nm, the mercury intake of fractured coals increased significantly, indicating a significant increase in the volume and
connectivity of macropores. In the range of 1.06-50 nm, the pore volume of mesopores was three to eight times that of the original coal,
indicating a significant expansion effect. In the range of 0.38-1.06 nm, the total pore volume of micropores increased by 26.4%,
indicating that the adsorption capacity of the micropores was significantly enhanced. In addition, the fractal analyses showed that the
fractal dimensions of the macropores and micropores of the fractured coal samples were significantly reduced compared with those of
the original coal, indicating that the complexity of the pore structure was reduced, and the network connectivity was further enhanced.
[Conclusions] CO, impact fracturing can optimize the pore structure of the coal body at multiple scales, significantly improve the pore
properties of mesopores and micropores, and enhance the connectivity and permeability of macropores. This multiscale evolution of pore
structure provides a theoretical basis for the improvement of CBM recovery. The research results reveal the mechanism of CO, impact
fracturing on the physical properties of coal reservoirs and provide scientific support for the optimal design of CO,-enhanced coalbed
methane recovery technology, which has considerable theoretical significance and practical application value and plays a positive role in
promoting the green development and efficient utilization of coalbed methane.

Key words: carbon dioxide impact fracturing; pore structure evolution; fractal features
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