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Abstract ; The structural deformation caused by CO, adsorption has a significant effect on the stability of
coal seam. The authors studied the effect of CO, adsorption time on the mechanical properties of coal
and analyzed the variation of mechanical parameters of coal with adsorption time by using the gas-solid
coupling test system and the MTS mechanical test system. By using the industrial CT scanning system
and 3D reconstruction technology, the authors built a coal crack structure model to clarify the influence
of CO, adsorption time on the crack structure. Through data interaction with the COMSOL simulation
software , the authors carried out the fluid dynamics simulation of CO, in coal to discuss the influence of

CO, adsorption on the crack propagation law of coal. The results show that;:(D The stress-strain curves
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of coal under different CO, adsorption time can be divided into three stages, with each stage significant-
ly influenced by the adsorption time. Both the peak strength and elastic modulus exhibit a decreasing
trend as the adsorption time increases, with a maximum reduction up to 29. 82%. The degree of deteri-
oration increases correspondingly but shows a time-dependent characteristic. Between 5 and 7 days, the
change in the deterioration effect is only about 0. 5% , indicating a stabilization trend over time. 2 The
CT scan results show that the cracks in coal propagate from the outside to the inside, and this trend is
influenced by the CO, adsorption time, exhibiting a pattern of initially rapid change followed by slower
change. At 7 days, the cracking rate and coalescence rate of coal reach 14. 03% and 1. 59, respective-
ly, indicating that CO, has a certain damaging effect on the coal structure. (3 The authors carried out
migration modeling for CO, on the representative volume element (REV) of coal. The results show CO,
migrates in coal from the outside to the inside, and there is a stress concentration area between the

crack and the matrix, which causes the crack to propagate, resulting in loosened coal structure and re-

duced load resistance.

Key words:CO, adsorption time; mechanical property; crack propagation; CT scan; COMSOL
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Table 1 Measured parameters of coal sample

4% HA/mm  F/mm FilE/g P/ (km-sTh)
S-0-1 25.05 50. 1 34.9 1.42
S-0-2 24.98 49.9 35.1 1.46
S-0-3 25.01 50.0 35.4 1.41
S-1-1 24.95 50.0 35.7 1.44
S-1-2 25.02 50. 1 35.3 1.45
S-1-3 25.0 49.9 36. 1 1.43
S-3-1 24.99 49.8 35.4 1.42
S-3-2 25.26 50.2 35.6 1.41
S-3-3 25.02 50. 1 34.7 1.43
S-5-1 25.1 49.9 34.8 1.43
S-5-2 25.05 50. 1 35.4 1.40
S-5-3 25.16 50. 1 35.2 1.44
S-7-1 24.96 50.2 36.2 1.42
S-7-2 25.03 50.2 36. 1 1.45
S-7-3 25.1 50.3 35.8 1.44

2 S-EREGXE ARG —RMEESN
Fig.2 Gas-solid coupling experiment system—

adsorption tank structure
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2 ZXBHERSHMW

2.1 N[EI0R BB i8] TSR AR 17 245 1
ANIA] CO, W B B[R] 45 44 1 502k 1 40 1o g — g
AN 4 7R o AN [) I BB ) T SR 4 0k
B 5 % (0A) (23t (AB) FIJE IR B Bt
(BC)3 BB & BBt 3z 5 Co, W B A i)
SO AR TR B B (OA) | IR B IS 15U A8 i B IXC 1]
P L3 18 T AR R BB P R L it o VR A B ] 34
fJHﬁﬁTﬂéﬁij( e WY BEAA PN 0 45 48 38 W A A, il
PR AR PR3 0 s 2R PR B BE (AB) |, Bt 25 W% Ff
Htlﬂﬂﬁi*ﬁnﬁﬁff‘ﬁ%n Ut BB R o6 B ) T
PEPEREIES , PUAETE e 1 NI S IRBY Bt (BC) , HH
T B B 0 4 i, A 45 5K BT 25 ) 7 A v
278

—0d C
—1d
—3d
—5d
—7d

J¥. JJ6/MPa

RiABe/107
Bl 4 7[R B A 1) T SR A B 1y - Rz 25 il 2%
Fig.4 Stress-strain curves of coal under

different adsorption time
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Table 2 Physical and mechanical parameters of

coal under different adsorption time

p VE(ETREE  WR(EREE BMERTE B AR
/MPa FHI{E/MPa /GPa ¥/ GPa

S-0-1 11.81 1.68

S-0-2 11.72 11.84 1.64 1.66
S-0-3 11.99 1.66

S-1-1 9.99 1.31

S-1-2 9.92 9.96 1.29 1.31
S-1-3 9.97 1.32

S-3-1 8.92 1.21

$-3-2 8.96 8.96 1.22 1.21
$-3-3 9.00 1.19

S-5-1 8.71 1.16

S-5-2 8. 68 8.69 1.19 1.17
$-5-3 8.69 1.18

S-7-1 8. 66 1.16

S-7-2 8. 64 8.65 1.17 1.16

1

S-7-3 8.65 .15
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Fig. 5 Relationship between characteristic parameters and adsorption time
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Fig. 7 Distribution of fractal dimensions
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Table 3 Total volume of 3D cracks and coalesced

crack volume of coal at different adsorption time

IS VA ¥ XN HESABY  EEREERRY
d em’ em’ em’
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