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Abstract: The influence of supercritical CO, on the mechanical properties of burnt surrounding
rock in the gasification combustion zone is a key parameter for evaluating the risk of CO, leak-
age in UCG-CCS. Given the current lack of research on the mechanical tests of burnt surround-
ing rock under the influence of supercritical CO, infiltration, this study is carried out by levera-
ging a self-developed supercritical CO, saturation pressurization device. Through Brazilian
splitting tests and uniaxial compression tests, the changes in the tensile strength, uniaxial
compressive strength and fracture failure characteristics of shale under different gasification
temperatures, supercritical CO, soaking pressures and supercritical CO, soaking times were
studied. The results show that the mass of burnt shale decreases, and with the extent of mass
reduction increases with the rise in temperature. The tensile strength and uniaxial compressive
strength of burnt shale exhibit a stepwise decline. After supercritical CO, soaking, the quality
of burnt shale specimens increases. Supercritical CO, weakens the tensile strength, compres-
sive strength and elastic modulus of burnt shale. Supercritical CO, soaking weakens the tensile
strength and uniaxial compressive strength significantly. As the soaking pressure increased,
the tensile strength of burnt shale gradually decreases, but the reduction rate becomes smaller.
Both the compressive strength and elastic modulus also decline gradually. As the soaking time
increases, the tensile strength and compressive strength of the burnt shale rock specimens ex-
hibit a gradual decline. As the gasification temperature, supercritical CO, soaking pressure and
soaking time increases, the primary cracks of burnt shale rock samples slowly expand, and the
secondary cracks begin to emerge. In this study, we meticulously construct fitting functions
that correlate the tensile strength of shale with temperature, soaking pressure, and soaking
time, as well as for compressive strength in relation to the same variables, are meticulously
constructed. These outcomes offer profound theoretical and practical insights for the site selec-
tion, design, and widespread application of UCG-CCS projects.
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Fig. 1 Mechanical test technical process of supercritical CO, high temperature burnt shale
1 FERRBNUFERES
Table 1 Main experimental instruments and equipment
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Table 2 Experimental design

=2 KA G 5 W/ C L E J1 /MPa B LIS ] /h J12E A R/ (mm X mm)
1 CA1/CB1/CC1 25 0 0 BT 4 50X 100
2 CA2/CB2/CC2 100 0 0 BT 4 50X 100
3 CA3/CB3/CC3 150 0 0 AN TR 45 50X 100
4 CA4/CB4/CC4 200 0 0 PAA R 45 50100
5 CA5/CB5/CC5 250 0 0 BT T 4 50X 100
6 OCA1/0CB1/0OCAL1 25 7.40 2 2Tl R 50X 100
7 OCA2/0CB2/0CC2 100 7.40 2 BTl HE 4 &50X 100
8 OCA3/0CB3/0CC3 150 7.40 2 B 4 &50X 100
9 OCA4/0CB4/0OCC4 200 7.40 2 BT R 4 50X 100
10 OCA5/0CB5/0CC5 250 7.40 2 BTk FE 4 &50X 100
11 DA1/DB1/DC1 25 0 0 PG A 3 50X 25
12 DA2/DB2/DC2 100 0 0 £ PG B L Z50X 25
13 DA3/DB3/DC3 150 0 0 CLpE B 50X 25
14 DA4/DB4/DC4 200 0 0 Vg B 3 50X 25
15 DA5/DB5/DC5 250 0 0 SR @50 25
16  ODA1/0ODB1/0DC1 25 7.40 2 [ 7 8% 2 50X 25
17 ODA2/0DB2/0DC2 100 7.40 2 [ PG B L F50X 25
18 ODA3/0DB3/0DC3 150 7. 40 2 LA 50X 25
19 ODA4/0DB4/0DC4 200 7.40 2 [ 50X 25
20 ODA5/0ODB5/0DC5 250 7.40 2 [ Py B L F50X 25
21 PC081/PC082/PC083 150 8. 40 2 B 4 50X 100
22 PC091/PC092/PC093 150 9. 40 2 B 4 50X 100
23 PC101/PC102/PC103 150 10. 40 2 AR 45 50X 100
24 PDO081/PD082/PD083 150 8. 40 2 Vg B 3 50X 25
25  PD091/PD092/PD093 150 9. 40 2 [, 7 B% 2 &50X 25
26  PD101/PD102/PD103 150 10. 40 2 [P B 50X 25
27 TC11/TC12/TC13 150 7.40 1 BT E &50X 100
28 TC31/TC32/TC33 150 7.40 1 B 4 50X 100
29 TDI11/TD12/TD13 150 7.40 1 [ 50X 25
30 TD31/TD32/TD33 150 7.40 1 T 50X 25
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Fig. 4 XRD curve of end face of shale sample
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Fig. 5 Quality changes of specimens before

and after high temperature gasification and

supercritical CO, immersion.
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Load-displacement curves of shale
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Table 3 Experimental data of burned shale after high-temperature treatment

B/ C KR LM CO, Bifl JE B /mm HAE/mm W B A A / kN YL 3 B/ MPa
& 25.17 49.83 16.15 8.23
25
2 25.70 49. 87 14.27 7.27
& 24.74 49. 81 15.90 8.10
100
P 24.02 49.83 14.31 7.29
& 24.46 49. 80 15.70 8.00
150
P 24. 96 49. 85 12.72 6. 48
& 24.70 49. 87 12.40 6.32
200
o 25.54 49. 82 11.28 5.75
% 25.10 49. 80 10. 21 5.20
250
2= 25.02 49. 82 9.09 4.63
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Table 4 Experimental data of cap rock shale after supercritical CO, immersion

2 E S/ MPa LS E] /b J& B /mm H £ /mm PUhLss E/ MPa P Lo BE AR IR BE/ %6
7.40 2 23.84 49. 83 9.38
23.03
8. 40 2 24.73 49. 86 7.22
7.48
9.40 2 25.37 49. 80 6.68
4. 94
10. 40 2 26.05 49. 82 6.35
7. 40 0 24.56 49. 86 8.78
19.59
7. 40 1 25.81 49. 83 7.06
15.72
7.40 2 26. 20 49.92 5.95
—0.67
7.40 3 24. 35 49. 83 5.99
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Fig. 7 Fitting curves of tensile strength of shale under different initial conditions
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Table 5 Uniaxial compression experimental data of cap rock shale after high temperature

AR/ C A CO, Bl #  /mm HAE/mm PR/ GPa PR 3 B/ MPa
& 99. 70 149.81 1.57 100. 04
25
o 99.53 149.80 1.56 81.03
% 99. 57 149.77 1.54 100. 60
100
o 99. 59 149. 86 1.32 69.99
7 99. 59 49.80 1.48 89. 80
150 -
P 99. 59 49. 85 1.54 70. 80
7 99. 52 149. 80 1.65 71. 27
200
P 99. 07 149. 80 1.22 59.75
& 99.73 149.80 1.43 68. 87
250
= 99. 52 149.79 1.01 50. 58
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Table 6 Experimental data of cap rock shale uniaxial compression after supercritical CO, immersion

R J1/MPa BRI ] /b i i /mm H%/mm SR/ GPa P58 5/ MPa
7.40 2 99. 49 49. 86 1. 54 70. 63
8.40 2 100. 06 49. 83 1.59 61.93
9.40 2 99. 22 49.92 1.07 50. 51

10. 40 2 99.52 49.83 0.92 41. 60
7.40 0 99. 68 49.82 1.43 88.09
7.40 1 99. 66 49.79 1.42 77.22
7.40 2 99. 46 49.79 1.45 70.09
7.40 3 99.57 19. 84 1.33 65.10
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Fig. 9 Fitting curves of uniaxial compressive strength of shale under different initial conditions
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Fig. 10 Fracture morphology of shale after
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splitting under different conditions
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Fig. 11
after shale splitting under different conditions
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Simulation diagram of fracture morphology
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compression under different conditions
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Fig. 13 Simulation diagram of fracture morphology of
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shale after uniaxial compression under different conditions
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