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Behavior of coal failure and permeability characteristics
caused by liquid CO, phase change fracturing

LI Zhao, NI Guanhua, FU Zhenglin, GONG Li, SHANG Yuanmeng, CUI Yingxue, LI Moyu
(College of Safety and Environmental Engineering, Shandong University of Science and Technology, Qingdao 266590 , China)

Abstract: Low methane extraction efficiency and prolonged treatment duration in deep, low-permeability coal seams con-
stitute bottlenecks constraining safe and efficient coal mining. Liquid CO, phase-change fracturing, as a water-free permea-
bility enhancement measure, simultaneously avoids the water-lock effect in coal seams and displaces methane within coal,
thereby intensifying extraction efficacy. To elucidate the mechanism by which liquid CO, phase-change fracturing en-
hances coal permeability, coal samples from Shenmu Ningtiaota and Pingmei No.10 Mine were studied. Through Hopkinson
bar dynamic impact tests, high-pressure CO, fracturing tests, and triaxial compression-seepage tests, the fracture behavior
and permeability characteristics of coal at different stages were investigated. Results indicate: As impact velocity in-
creases, peak strain rate and dynamic peak strength of coal samples exhibit an upward trend. The failure mode of Shenmu

coal shifts from splitting to crushing, with stress-strain curves lacking a secondary compression phase. Pingmei coal
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primarily exhibits splitting failure accompanied by pronounced strain hardening. A significant linear relationship exists

between the vertical principal stress and the coal’s initiation pressure. For every 1 MPa increase in vertical principal stress,

the initiation pressure increases by approximately 0.6 MPa. For the Shenmu coal sample with highly developed fractures,

the fracturing effect primarily manifests as fracture connection and expansion. In contrast, for the structurally dense Ping-

mei coal sample, the effect mainly involves the formation of new fractures. Inclined fractures significantly degrade the

mechanical strength of coal, substantially reducing the stress required for failure. Under confining pressure, peak stress in

coal samples with inclined fractures decreased by approximately 50% compared to pristine coal, while permeability in-

creased to 12.7-14.9 times that of pristine coal. The research reveals the three-stage synergistic permeability enhancement

mechanism of “dynamic crushing-static expansion-geostress extrusion” of liquid CO, fracturing, which can provide theor-

etical reference for the popularization and application of liquid CO, fracturing permeability enhancement technology.

Key words: coal seam permeability enhancement; gas drainage; liquid CO,; fracture propagation; permeability
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Fig.1 Coal sample for dynamic impact experiment
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Table 1 Pressure loading for CO, fracturing experiments
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percolation experiments
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Table 2 Experimental protocol for triaxial compression and

percolation of coal samples
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Fig.6 Relationship between strain rate and impact velocity

A EET, WA SR8 R AP
Fef R s R AR 2k ani® 7 pron . & 7 WA,
A WEAE AT 2 Fl A (4 1 A5 SR LA |- Bl - 85
JEE P8 186 AT 48 K, iz ad R v R A SR 4R S 48 VO,
L7 725 S 5 ) P 396 o % 9 1 K R WA T T R
VDN o A AT 2 B AR RN S A AR A 0 {1 AR
R BAE O ps 247, HE whiidli L%, 0~
90 ps PIRAR R [T, Hoofras sl RS AC, by 728 SR 448 ik
o 90~ 180 ps P I AR FRREAR, (HIZ B BeA R hin 28t
Tt o AR S BERE, ST B B 30,
T e R A ST s A 8 B AR RN, PR A



4946 # % F #® 2025 4E45 50 %
110 16
100 |
80 |- 2
Tw QCE
™ R V\
Zaof &
vy=7.002 m/s
v=8.059 m/s 4
20} 1=9.326 m/s
v=11.745 m/s v=7.002 m/s v=8.059 m/s
1 1 1 1 L | V:9.I326 m/s ) v=11.745 rln/s
0 30 60 90 120 150 180 200 0 0.003 0006 0009 0011
I 11 /s R A5
(a) PIAAT 2L IEIEFE (a) WA 2 SR
%0 45
80 |
_60f
*g 40
v=6.955 m/s
L v=8.141 m/s
20 v=9.635 m/s 10 V=6.955 m/s V=8.141 m/s
v=11.606 ms 1=9.635 m/s v=11.606 m/s
0 3060 90 120150 180 0 0.002 0.004 0.006 0.008
B[] /ps e
) FRATHRE (b) AL

K7 shasmpdeBoRe R A SR 2 Hh 2

Fig.7 Dynamic impact coal sample strain rate time course curves
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Fig.8 Dynamic stress-strain curves of coal sample
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Fig.9 Pressure-time curves of fracturing process
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Fig.11 Surface morphology of coal samples after fracturing
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Fig.12 Full stress-strain and permeability curves of coal samples without prefabricated fractures
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Fig.15 Fracture pattern of coal samples after destruction
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