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Fig.1 Schematic diagram of whole experimental device
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Table 1 Supercritical CO, pressure gauge
20 5 B Fd Bd Bud FHd
FLBRE 1/ MPa 7.5 8.5 9.5 10.5 11.5
[l H/MPa 8 9 10 11 12

(3) i Im L COLIEE VA O S5 . S0 (2) 45
HJG WG 32 0T il & L~ 2 AN 2R AT fom
WLEE 356 HUAH X - 1 4R i 1A Sk 08 %% T, R
SEM FF J& 30U W52 52 56, 43 BT 525 AL B 205 F R ALE
HE T ) RE S A AT 0 W) T R AL o o B, LB AL
WmE 3.

B3 SCI6 A SEM FOAEIE L

Fig.3 Physical drawing of scanning electron microscope

(SEM) and energy dispersive spectrometer
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Table 2 Data sheet of supercritical CO, density and

viscosity with pressure at 40C

/K J& J1/MPa # B/ (kg/m?®) B/ (pPa-s)
313.15 7.5 231.53 20.452
313.15 8.5 353.91 26.134
313.15 9.5 580.01 42.912
313.15 10.5 660.15 51.336
313.15 11.5 702.17 56.473
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Fig.4 Supercritical CO,percolation experiment with

variable confining pressure
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Fig.5 Data of supercritical CO, permeability changing

with pore pressure
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Fig.6

pressure in shale before and after supercritical CO, action
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Table 3 Variation data of shale permeability with pore pressure after antireflection

2H 5 LI R J7 /MPa 2 3 4 5 6 7 8
b i 0.8 0.3 0.4 0.6 1.2 1.8 3.2
o — 2 4 % 1.8 1.1 1.2 1.4 2.2 2.7 4.2
o T 2.5 1.8 1.7 2.3 3.5 5.7 9.1

) CH, %2 /(X 102pm?)
o= 3.1 2.4 2.7 4.0 3.4 9.2 12.0
55 00 21 44 3% 3.4 2.5 2.4 4.7 5.5 9.6 14.0
ERTRAER b 5.6 2.6 2.9 5.4 6.3 12.0 17.0
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Fig.7 Changes of CH, permeability with volume stress in

shale before and after supercritical CO,
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Table 4 Variation data of shale permeability with volume stress after antireflection

21 5 WL 7 /MPa 9 12 15 18 21 24 27
Ji i A 5.8 4.4 3.0 2.0 1.2 1.1 1.0
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5T A . , 7.4 5.8 5.0 3.3 3.0 2.8 2.5
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Fig.8 Diagram of shale surface microstructure before and after supercritical CO, action
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Table 5 Mineral elements analysis in shale before and after supercritical CO, treatment
TLE A/ e 7.5MPa i 8.5MPa il i 9.5MPalif % 10.5MPa i 11.5MPa 4 i
CK 3 3 4 4 5 5
OK 10 9 8 6 5 4
AIK 4 4 4 5 5 5
SiK 47 46 46 47 47 47
CaK 27 26 25 22 21 20
MgK 6 5 5 2 2 1
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Study on supercritical CO, seepage and antireflection of shale injection

Wu Di',Zhai Wen-bo', Liang Bing',Sun Ke-ming',Xiao Xiao-chun',Liu Xue-ying’,Miao Feng'
(1.School of Mechanics and Engineering, Liaoning Technical University, Fuxin 123000, China;
2.Fujian Research Center for Tunneling and Urban Underground Space Engineering , Huagiao University,

Xiamen 361021, China)

Abstract: In this paper, taking the Longmaxi Formation shale in Yanzicun of Shuanghe Town, Changning
County, Sichuan Province as the object of study, the supercritical CO, percolation and antitransmittance regular-
ity tests in shale considering the influence of injection pressure and volume stress are carried out by using a triaxi-
al percolation apparatus developed by ourselves. The experimental results show that the supercritical CO, per-
meability in shale decreases first and then increases with the increase of pore pressure. When the pore pressure is
small, the Klinkenberg effect is obvious, and the permeability decreases with the increase of volume stress. The
curve basically presents the law of negative exponential change. CH, percolation experiments were carried out in
shale under different antireflection conditions, and macroscopic quantitative analysis of supercritical CO, was
carried out. The effect of injection pressure on the antitransmittance of shale was analyzed. It can be concluded
that with the increase of supercritical CO, injection pressure, the permeability of CH, increases, but the increas-
ing range increases first and then decreases. That is, supercritical CO, injection pressure of 9.5MPa is the most
obvious antireflection effect. According to the microanalysis of shale element content, supercritical CO, can ex-
tract and dissolve mineral elements such as O, Ca, Mg in shale, promote the development of micropores in
shale effectively, and enhance the permeability of shale.

Key words: Shale ; Supercritical ; Carbon dioxide permeability ; Antireflection law ; Micro-analyze



