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Abstract: CO, adsorption causes damage degradation to the coal body and thus reduces its stability, challenging the long-

term safety of CO, sequestration, and it is important to clarify the role of CO, degradation and establish an ontological
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model. The damage mechanics theory and statistical theory were used to derive the calculation formula that can compre-
hensively reflect the total damage variables of the coal body under CO, adsorption and load coupling, and focusing on the
influence of the pressure-tight section, the fine statistical damage ontological equation of the coal body under the action of
CO, was established by segmentation, and the method of determining each parameter of the model was clarified. Finally,
the parameters of the constitutive model were determined by CT scanning experiment system and MTS 816 experiment
system, and the uniaxial compression experiments of coal body under different CO, pressures were carried out by the self-
developed gas-solid coupling experiment system to verify the rationality of the model. The results show that: () The dam-
age variables under adsorption and loading were defined based on the fracture rate obtained from CT scanning and by ap-
plying the Weibull distribution theory, respectively, and the total damage variable under the coupling of the two was fur-
ther obtained by combining the damage theory, and a fine-scale statistical damage constitutive model was established;
() Three-dimensional reconstruction of the fracture based on CT scanning technology realistically reflects the fracture ex-
tension characteristics before and after CO, interaction, the higher the CO, pressure, the fuller the fracture expansion, the
greater the three-dimensional fracture parameters and damage variables of the coal samples, and the more complex the
spatial fracture network formed; (3) CO, had a significant deterioration effect on the physical properties of the coal body,
and the compressive strength and modulus of elasticity of the coal body were both reduced by 49.78% and 22.63%, re-
spectively, with the increase of CO, pressure, and the combined effect of dissolution, plasticization and air wedge effect of
CO, on the coal body led to the reduction of the mechanical parameters; @ The theoretical curves of the fine statistical
damage model of the coal body under the action of CO, have a high degree of agreement with the uniaxial experimental
curves, which indicates that the present structural model can better reflect the damage degradation effect of CO, on the
physical properties of the coal body, and embodies the reasonableness and applicability of the constitutive model and the

method for determining the model parameters.
Key words: CO, geological storage; constitutive model; damage variable; mechanical properties; fissure evolution
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JF H AR B AR 4B 738 in 2 2 MPa B, PR
BB 0, 5 A R RS B, N R s
TN ZE 3 MPa i, Ji Ak BB WY, FHEh T
BB AR BT A LR B bR CO, Fe 7 3 Vi 4 n &

FLEIAR e FRLBIRTE R S Bl CO, I T YL R R 2
BT R 5 26 4F T R 2B s A5 I Al i i fie
ELULAPR B o IR PO = 4k S BR A H 73 A1 L K A
I OLHEA TR ML, A3 2R AER | FLER AR 2L B 1
B AR, WL 3, SRR IR AT, XA BTk .
H T VR A A I A R8BSR A S R0 i AR I A
PR =8 R ALRFAE, B = e 24,

6 MPa A R b, A P AR SRL R 7 5L A e, B ei=Vi/V
SUBR T LRI, BRI S A AS =5>=5 37)
[ 2 T, 2 BT S SR P 9L AV=Va-¥
B 5 S R 7 PR A MU, JE PR BB AR 7 Ae=AvIV
*2 AE CO, ENTEHERMETEN =4S REMEL
Table 2 Three-dimensional fracture structure evolution of coal samples before and after adsorption under
different CO, pressures
% ARICOJE T T =4 pshthy
IR 1 MPa (CT1) 2 MPa (CT2) 3 MPa (CT3) 4 MPa (CT4) 5 MPa (CT9) 6 MPa (CT6)
Ll
Wb
x3 WMAIEEERRERIESH
Table 3 Slit characterization parameters of coal samples before and after adsorption
TG = JE bR AR A em? 3 Gl 2 S W 2 AViem? Ae/% AS/cm?
7 /mm e1/% S)/em V/mm e,/% Sy/em
CT1 195.49 294.16 0.15 200.21 1920 0.98 1077.22 1.62 0.83 877.01
CT2 202.08 237.23 0.12 144.93 6 600 3.26 1172.44 6.36 3.14 1027.51
CT3 196.60 264.04 0.13 177.38 11220 5.71 1510.08 10.96 5.58 1332.70
CT4 197.53 208.96 0.11 122.06 18 490 9.36 1719.89 18.28 9.25 1597.83
CT5 194.39 252.56 0.13 163.46 27 150 13.97 2 080.60 26.90 13.84 1917.15
CTé6 197.06 197.74 0.10 111.69 44 430 22.55 2 134.61 44.23 22.45 202292
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Fig.8 Relationship between fine-scale damage variables and

initial CO, pressure in coal samples
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Table 4 Physical and mechanical parameters of coal samples

WIRCo, .., HR KE/ O W WEIRE skl
JE 51/ MPa A mm mm (km-s) MPa MPa
Al 4974 100.12 178 1622 199451

A2 5006 9981  1.63 1579 1972.32

‘ A3 4979 9987 172 16.01 1981.17
T 16.01 1982.69

Bl 4979 9995  1.69 1532 196835

B2 5020 10020  1.75 1519  1947.63

: B3  49.69 100.81  1.63 1498 197595
FHIE 1516  1963.98

Cl 5059 10053  1.64 14.31 1936.54

C2 5045 100.17  1.74 1426 191621

? C3 5018 10021  1.67 14.75 1903.34
FHME 14.44 1918.70

D1 5023 10071 171 1324 188851

D2 49.93 10041 167 13.16  1866.31

} D3 5040 10020  1.75 1336 1856.36
FHME 13.25 1 870.40

El 5020 99.80  1.78 12.11 1810.65

E2 4880 10020  1.68 12.01 1801.32

! E3  49.80 10020  1.78 11.93 1771.65
FHIE 12.02 1794.54

F1  50.14 100.10  1.63 1036 1727.81

F2 4980 9980  1.72 9.93 1 680.61

: F3 4980 9960  1.69 10.16  1694.87
FHME 10.15 1701.10

Gl 50.04 10040 175 8.06  1563.61

G2 50.04 10020  1.63 786 152136

° G3 4980 99.80  1.64 820  1516.82
FHE 8.04 1533.93
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Fig.9 Deterioration curves of mechanical parameters of coal

under different initial CO, pressures
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Table 5 Value of constitutive model parameters under

different CO, pressures

R A

- R

m Fo my Foo
0 30.36 2.14 345 61.12 6.33
1 30.41 0.76 8.84 34.70 6.60
2 31.91 1.01 5.38 7.77 7.62
3 32.85 1.57 8.81 30.39 6.40
4 35.67 1.48 10.70 5.25 7.96
5 41.89 0.43 97.56 9.41 5.79
6 39.60 0.56 35.23 41.21 4.02
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Fig.10 Comparison the constitutive model theoretical curves and experimental curves
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