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Abstract ; Supercritical CO, (scCO,) reaction may lead to dynamic changes in the material composition, accumulation and seepage condi-
tions of shale. However, there are few reports on the water-rock reaction characterized by corrosion/precipitation and its influence regu-
larities. Based on the use of high-pressure hydrothermal reaction experimental device and a series of characterization tests, the paper an-
alyzes the changes of shale in chemical composition, mineral composition, surface morphology and pore structure during scCO,-water-
shale reaction, revealing the regularities of mineral corrosion, ion dissolution and precipitation in shale under CO, sequestration condi-
tions. The results show that in the short-term reaction process, shale primarily exhibits corrosion characteristics, with changes in the
internal calcite morphology and the development of secondary corrosion pores. In the long-term reaction process, corrosion is still domi-
nant in shale, accompanied with occasional carbonate precipitation in partial areas. The corrosion process is mainly controlled by the de-

velopment conditions of calcite, and calcite corrosion leads to an increase in the pore volume and specific surface area of shale. The pre-
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cipitation process is affected by clay minerals represented by illite and illite/smectite mixed layers, and an increase in both contents can
lead to the formation of more carbonate precipitates. In general, scCO,-water-shale reaction exhibits a geochemical behavior that predomina-
ted by corrosion and supplemented by precipitation. Under the effect of corrosion or precipitation, the sequestration space in shale presents a
positive incremental evolution. The calcite corrosion helps improve hydrocarbon sequestration capability in shale. Clay minerals can provide
essential cations for CO, mineralization. The investigation on the corrosion/ precipitation characteristics of shale during CO, sequestration can
help understand the geochemical regularities of minerals and fluids under CO, sequestration conditions, which is of great reference value for
revealing the CO, geo-sequestration mechanism of shale and developing the enhanced shale gas recovery techniques.

Key words: shale gas reservoir; CO, geo-sequestration; scCO,-water-shale reaction; mineral composition; corrosion/precipitation
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Fig.1 Geological overview of the sampling area
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Fig.2 Experimental flow of scCQO,-water-shale reaction
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Table 1 Organic matter contents and mineral compositions of shale samples
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Fig.3 Surface morphologies of sample YY1 before and after experiment for 2 days
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Fig.4 Compositional and structural changes of sample YY1 before and after experiment for 2 days
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Chemical composition changes of solution before and after scCO,-water-shale reaction
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Fig. 6 Surface morphologies of shale samples before and after scCO,-water-shale reaction for 30 days
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Table 2 Variations in pore parameters and carbonate-associated infrared vibrational intensity resulting from mineral corrosion/precipitation
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nn L/ N — — N — —

TORBIMK/d RS RRJE BEEES RIS ASGs)  ASGm)  ASGn) ASGus s Fu)
YY2 30 0. 020 0.023 15. 450 17.322 2.613 0.274 0. 095 2.982
YY3 30 0. 020 0.026 19. 287 18. 216 7. 145 0. 881 0.147 8. 173
YY4 30 0.012 0.019 11. 754 15. 405 0.137 0.137
YY5 30 0. 021 0.023 16. 400 17.302 8. 158 8. 158
YYo 30 0.018 0. 027 16. 069 18. 108 2.751 0. 152 0. 031 2.934
YY7 30 0. 020 0.028 19. 287 21. 626 0. 442 0. 056 0.028 0.526
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Fig.7 Variations of carbonate-associated infrared vibrational intensity and pore structure parameters before and after the experiment for 30 days
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Fig.8 Influencing factor analyses of mineral corrosion and carbonate precipitation
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Fig. 10 Characteristics and molecular-level mechanisms of calcite dissolution during CO, sequestration in shale
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Fig. 11 Interlayer cation leaching-precipitation characteristics and molecular-level mechanism of the

representative clay mineral during CO, sequestration in shale

3.3 scCO-/K-MAERMNFPHT WA/ MiEIER

25 BTk . scCO,-7K-T1 75 KON s A b F2 30 K DL
TR R 3 COUTE VR Ol ) R Ak 24 A TS 72 09
R Vs ot /0 U AR 2 R A A T R [T L T R 45 44 P
1) 2 M ERf 22 AT

T A AE scCO,-7K-TU4 [ E BRI N LKA
SE R VRS AL RV AR - — 5 O A S R IR
WAL E U B A A R E 0 A 5 — D i BT
J7 A B R S B Ca®t A1 HCO, , I & 3 5L
f VA P B B B SR L CO, 7 BB R A
J7 AT B il A B 2 R T B AR A

B LT WAE scCO,IK-TUA RN FZERI N K
A ARSI PE AR R DTVEAE D L R R & R AR T
A S X CVEAE 1 L e . AR R IR RE R AR A
Y, TO BUA TOT B ZG + 99 53 5 LA & 08 A1 38R0 £
ARG/ SR g A AR, TO R E +
WA A & )2 ) B, PR A B Ik 45 e )
TOT BIZE +0" Y & H R 202 R A] 28 32+, Y H i
Qb 1) I AR B B i AR AR B RT AR A BT R AR ) R RS
B, FEJZREFHEB . LT WX — k]

H CO, HH A R P A — Mg ok Ui« oy AR S0 1
P51 K 14 B 1 S e /e i 80U ) B 1 R X — AR
FTRE T b VR G5 K P 51 45 22 1) 3 A W - AR S 5 8K
JER A B T IR R AR P RS R AR Y
COs? B ARy 2 AR E B BRIR R . DR G 3 L 0 W0 Y
AAAE—E R L R T B A Hp B 9 R A
PR L3R BT T i 00 ) A 8 00 R = T
CO, PR EAF TAEA —E R T H L.

445 i

(D WK 2 d) seCO,-7K-T1 45 7 b i 72 &
BERBNE W)V Ve 35 o B ok A N
JEEW TR Ca®t (Mg®" il K™ ik B T FLARAE 3. 4~
4.5nm 1 35. 2~82. 3 nm (1) FL B 2 B B 55 4 K
.,

(2) KK 30d) seCO,-7K-TU S A A 7%
AR ADUEME R 2 KA WP Y Ca® " W 3
R LHW O Mg®® K™ . B E . A AR R E AN
DR T i A Vs T AL, FL AR KN 2 BT 9ok =T 1
K ULIEDI LA Ca Fl Mg Bk Rk &, B S £ 23



1848 al H

e

ki 2024 4 45 %

PR AR Bk

(3) IR TE R scCO,—7K-TU# L o () ¥ ol A
22 0 3 2 AL BRI b 2 T BLAY 38 i 531
9. 52% ~58.33% Fll 5. 50% ~31. 06% ; L3 1
By s ) o e R 6 R A O A 21 S A Y T Y
BT 10.29% ~22.85% ., T B A7 %5 (0] £ 220
P R R ) DO AR A . AR I/ DCREARE TR L B
) B A A 1) A 2 B I 16 3 44 19 AL R 4

(4 T R /U0 T A 32 A (6] 7 90 18 53 2 o)
W AR IR T T A0 B G A 2R U A
FLAY 7 A A — B P T S U B B A7 2 W) s DEE
YERI S 3 I 2 1 2R PR X BTN T3+
B4 2 18] ] 22 48 B B - 99t -D0REAT

(5) scCO,/K-TUH B 1 R By — K LU
(LR DEEIIRG (PR NOR: e S o R I E S
i fik A1 L 1 5 s i Ve A — S R B B RS AE D T CO,
BCHE U U2 0 2 A B T A A7
)] 38 4 15 71T Ry COL BT LB AT B2 I 18 T fE

FEERFE 0w s oIS P CO™ 1 i XF
PR A 405 41 2l 335 4 4 A 0 - 8D A1 257 i 2l 35 A 4 AR 0
T P A R 309 A REAE 1 em s 0— XS 2R T A
s () s A— 2L A s o — P B em sy by e
B AS—FRAE U %) T ARAZ Al B RRAE S vy oo B e R
I 1) TR AR A 5 43 il A AS (us) L AS (b)) Bl AS (uy) s
cm” ' 3AS Gyt ) HRIEE vy v, B w19 TH AR AR
EZ A em ' 5 A seCO,-7K-TT 5 [ S8 5 5 FF il
AILLAMIR W3 5 A — 8 50 200 J5 R o B 20 0 W i 238 5
I—J7 ff A P UTE SRR B s e s L— 3 20 W19 DL
TEDTHRIR B s om ™ s W o W W W, —FE 5 5 i £
Hofa KAaMEi Loy,

2 £ x #

[1] International Energy Agency. Global energy review:CO, emis-
sions in 2021[ R]. Paris: IEA, 2022,

(2] ZMER) 258 . X7y L 55 Bk v 0 5T B AR B G AR 73 IR ik 16 B
RTRELT]. BER 2 4K ,2022,47(4) ;1430-1451.
SANG Shuxun, YUAN Liang, LIU Shiqi, et al. Geological tech-
nology for carbon neutrality and its application prospect for low
carbon coal exploitation and utilization[ ] ]. Journal of China Coal
Society,2022,47(4) :1430-1451.

(3] EAh, Bamde ARG, 55 B DA HE R A ARG B ¢ 65k e
WAARBEFTLT]. B TS B R . 2021,49(5) :63-69.
WANG Meng, MA Ruying,DAI Xuguang, et al. Confirmation of
carbon emissions in coal mining areas and research on low-carbon
green development path[J]. Coal Geology & Exploration,2021,
49(5) :63-69.

[4] BACHU S,ADAMS ] J. Sequestration of CO, in geological media

[5]

Lo]

7]

(8]

9]

[10]

[11]

[12]

[13]

in response to climate change:capacity of deep saline aquifers to
sequester CO, in solution[ ]J]. Energy Conversion and manage-
ment,2003,44(20) :3151-3175.

kT IR s, 5 AR A i [ A A B B R T S B A A R R
(2023)[RI. A E 21 240 WA PG S BRER I 5 BT 5T
B L A K 2, 2023, (2024-03-18). https: // file. vogel. com. cn/
124 /upload/resources/file/421008. pdf.

ZHANG Xian, YANG Xiaoliang, LU Xi, et al. Annual report of
China carbon capture, utilization and storage (2023) [ R]. The
Administrative Center for China’s Agenda 21, the Global CCS
Institute, Tsinghua University, 2023. (2024-03-18). https: //
file. vogel. com. c¢n/124/upload/resources/file/421008. pdf.
JEAE , R A AT, A T AR R AR 2 T B R R Y
SR AL b 7l K272 42, 2006, 35(5) 1 607-611.

TANG Shuheng, MA Caixia, YE Jianping, et al. A modeling ex-
periment of enhancing coalbed methane recovery by carbon diox-
ide injection[J 7. Journal of China University of Mining &. Tech-
nology,2006,35(5) :607-611.

ZRNER L AT oK, B8 P TR SR KR COs AR 5B X
ML P ] A A 1% 5 TR, 2006.25(5) :963-968.

LI Xiaochun, LIU Yanfeng, BAI Bing.et al. Ranking and screening of
CO; saline aquifer storage zones in China[ J]. Chinese Journal of Rock
Mechanics and Engineering,2006,25(5) :963-968.

XREHE , 2 /N 7 5T, 46 TP E RR AU CO, A7 25 4 25 3
f0I]. &+ 41%,2006,27(12) :2277-2281.

LIU Yanfeng, LI Xiaochun, FANG Zhiming, et al. Preliminary
estimation of CO, storage capacity in gas fields in China[J]. Rock
and Soil Mechanics,2006,27(12) :2277-2281.

TR HE SR, B S Bk B T2 K F X CO, Hi st
FERT T ST LI R 2 B R . 2023.51 G T 1) :206-214.
ZHANG Junjian,CHANG Xiangchun, LYU Dawei, et al. Carbon
dioxide geological storage system in coal seam development area
under the premise of double carbon target[]J]. Coal Science and
Technology.2023,51(S1) :206-214.

BACHU S. Identification of oil reservoirs suitable for CO,-EOR
and CO, storage (CCUS) using reserves databases, with applica-
tion to Alberta,Canada[ J]. International Journal of Greenhouse
Gas Control,2016,44:152-165.

AR AR D E AR S AL TUS OE DL L 3 5 R AE
U Sy 1), A B 5 9T K, 2010,37(6) :641-653.

ZOU Caineng, DONG Dazhong, WANG Shejiao, et al. Geological
characteristics, formation mechanism and resource potential of
shale gas in China[ J]. Petroleum Exploration and Development,
2010,37(6) :641-653.

FU Haijiao, YAN Detian, YAO Chenpeng, et al. Pore structure
and multi-scale fractal characteristics of adsorbed pores in marine
shale:a case study of the Lower Silurian Longmaxi shale in the
Sichuan Basin.China[J]. Journal of Earth Science,2022,33(5)
1278-1290.

RAHG EFH L BRI 55, TUA )2 FLBR 45 14 2 RO 58 P 1 45
B RAE UL B AR B A [T ] M2 Rk 2016,23(1)
154-163.

ZHU Yanming, WANG Yang, CHEN Shangbin, et al. Qualitative-
quantitative multiscale characterization of pore structures in shale res-
ervoirs:a case study of Longmaxi Formation in the Upper Yan-

gtze areal ] ]. Earth Science Frontiers,2016,23(1):154-163.



%12 3

FOBIEEE s CO, BT H R il /BT 3E R AE S A AL

1849

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

(23]

[24]

[25]

[26]

TR R R R GBI A CO, FFRTUARFE R Al
BEERAE A . 2011,39(3) :30-35.

WANG Haizhu, SHEN Zhonghou, LI Gensheng. Feasibility anal-
ysis on shale gas exploitation with supercritical CO,[J]. Petrole-
um Drilling Techniques,2011,39(3) :30-35.

I s A e, 45, T A COL-/K -T2 1B 4 ¥ it/ e
TE RFALE B HC RS T2 W R ) 3 i [ ). ¢ 2% 4, 2023, 48 (7))
2813-2826.

DAI Xuguang, WANG Meng, FENG Guangjun, et al. Mineralogi-
cal erosion and precipitation characteristics and their effects on
adsorption property of shale during scCO,-H,O-shale interaction
[J]. Journal of China Coal Society,2023,48(7) :2813-2826.
TR, A5 SIS TUA 2RI 7 COL - 2L
A ELAE FH S 3 0F 9 B B AR 0 B SCLT ). b 24 T %5 2018, 25 (4) ¢
245-254,

XU Yonggiang, LI Zijing,GUOQO Jilong. et al. Experimental study
on the shale reservoir-supercritical CO,-simulated fracturing flu-
id interaction and its environmental significance[ J]. Earth Sci-
ence Frontiers,2018,25(4) :245-254,

EWe R IR, 055 HZ &M T IUEAPLRILE AN CO, 5
CH, 54+ WL B 4 43 F B0 LT 1. A il B4R 5 9F & . 2016, 43(5) «
772-779.

WANG Xiaoqi, ZHAI Zengqiang, JIN Xu, et al. Molecular simu-
lation of CO,/CHy competitive adsorption in organic matter
pores in shale under certain geological conditions[ J]. Petroleum
Exploration and Development,2016,43(5) :772-779.
DASGUPTA N.HO T A,REMPE S B, et al. Hydrophobic nano-
confinement enhances CO, conversion to H>COs[ J]. The Journal
of Physical Chemistry Letters,2023,14(6) :1693-1701.

XU Tianfu, APPS J A,PRUESS K. Mineral sequestration of car-
bon dioxide in a sandstone-shale system[]]. Chemical Geology,
2005,217(3/4) :295-318.

SANGUINITO S,GOODMAN A, TKACH M, et al. Quantifying
dry supercritical CO,-induced changes of the Utica Shale[]]. Fu-
el,2018,226:54-64.

LIU Faye, LU Peng, GRIFFITH C,et al. COs-brine-caprock in-
teraction:reactivity experiments on Eau Claire shale and a review
of relevant literature [ J]. International Journal of Greenhouse
Gas Control,2012,7:153-167.

JIANG Yongdong,LUO Yahuang,LU Yiyu,et al. Effects of su-
percritical CO, treatment time, pressure,and temperature on mi-
crostructure of shale[J]. Energy,2016,97.:173-181.

GOODMAN A, SANGUINITO S.KUTCHKO B, et al. Shale pore
alteration: potential implications for hydrocarbon extraction and CO,
storage[ ] 7. Fuel.2020,265: 116930,

ZHOU Junping, YANG Kang,ZHOU Lei, et al. Microstructure
and mechanical properties alterations in shale treated via CO,/
COs-water exposure J]. Journal of Petroleum Science and Engi-
neering,2021,196.:108088.

JIE S T AR S I A CO, 5L TUA ST R Bt it
BAF AT IE R 5 R BT, KARS Tl . 2021,41(6) :60-73.
LU Yiyu,ZHOU Junping, XIAN Xuefu,et al. Research progress
and prospect of the integrated supercritical CO, enhanced shale
gas recovery and geological sequestration[ J]. Natural Gas Indus-
try,2021,41(6) :60-73.

ALEMU B L, AAGAARD P,MUNZ I A,et al. Caprock interaction

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

with CO, : a laboratory study of reactivity of shale with supercritical
CO, and brine[ J]. Applied Geochemistry,2011,26(12) :1975-1989.
NOORAIEPOUR M, FAZELI H, MIRI R, et al. Effect of CO,
phase states and flow rate on salt precipitation in shale ca-
procks—a microfluidic study [ J]. Environmental Science &.
Technology.2018,52(10) :6050-6060.

T A KT X A TR A DU RO L R s L
WEFELDI. A < i Mk R % . 2021,

WANG Xiaoqi. Study on shale gas accumulation process and en-
richment mechanism of Wufeng-Longmaxi Formation in Changn-
ing area[ D]. Xuzhou:China University of Mining and Technolo-
gy,2021.

[ 117 5 W B BRI AR v AL R 5 2. DURUE A L
BRMAE : GB/ T 19145—2022[ ST, b5« v E bx i i ARt , 2022.
State Administration of Market Regulation, National Standardi-
zation Administration. Determination for total organic carbon in
sedimentary rock: GB/T 19145-2022 [ S]. Beijing: Standards
Press of China,2022.

e KRS 5 B R R R F A1k
BRI G 2 98K O B Y AT A B 7 5 . GB/T
20307—2006[ST. JL5T « v [& bz vl th A AL . 2007.

General Administration of Quality Supervision, Inspection and
Quarantine of the People’ s Republic of China, National Stand-
ardization Administration of the People” s Republic of China.
General rules for nanometer-scale lengthmeasurement by SEM.
GB/T 20307-2006[ S]. Beijing : Standards Press of China,2007.
ERAER. JURCE R Lo A E AR L0 4 X 5 & A 5
SrMi 7% :SY/T 5163—20100 S JL5T 73 Toll t it 2010.
National Energy Administration. Analysis method for clay min-
erals and ordinary non-clay minerals in sedimentary rocks by the
X-ray diffraction:SY/T 5163-2010[ S]. Beijing: Petroleum Indus-
try Press,2010.

[ G bR JRy . 465 J B ORLE d AR 20 BT —— X R AT K {75 . GB/
T 5225—1985[ ST, Jtat: H [ 45 ofi i fiAt . 1986

National Bureau of Standards. Metal materials—Quantitative
phase analysis—* Value K” method of X-ray diffraction; GB/T
5225-1985[S]. Beijing : Standards Press of China,1986.

e A N TR ] KB R A 6 A e R T R A A
EIZ R 2. 200 BT BORE N . GB/T 32198—2015
LS bt i = bR ff Rk, 2016.

General Administration of Quality Supervision, Inspection and
Quarantine of the People’ s Republic of China, National Stand-
ardization Administration of the People” s Republic of China.
Standard practice for general techniques of infrared quantitative
analysis: GB/T 32198-2015[ S]. Beijing: Standards Press of Chi-
na,2016.

ROUQUEROL J,AVNIR D,FAIRBRIDGE C W,et al. Recommen-
dations for the characterization of porous solids (technical report)
[J]. Pure and Applied Chemistry,1994,66(8):1739-1758.
K3 B AR s B R AR A R D2 A2 i) L
A 558 F IR T RE 43 B 5 2l N . GB/T 39486—2020[S]. 4t
a0 E AR A 2020,

State Administration of Market Regulation, National Standardi-
zation Administration. Chemical reagent—General rules for in-
ductively coupled plasma mass spectrometry: GB/T 39486-2020
[S]. Beijing: Standards Press of China,2020.



1850

11 i

e

ki 2024 4 45 %

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

POKROVSKY O S,MIELCZARSKIJ A,BARRES O, et al. Sur-
face speciation models of calcite and dolomite/aqueous solution
interfaces and their spectroscopic evaluation[ ] ]. Langmuir,2000,
16(6) :2677-2688.

LAHANN R, MASTALERZ M, RUPP J A.et al. Influence of
CO; on New Albany shale composition and pore structure[ ] ]. In-
ternational Journal of Coal Geology,2013,108:2-9.

ROONIZI E K. A new algorithm for fitting a Gaussian {unction
riding on the polynomial background[J]. IEEE Signal Processing
Letters,2013,20(11) :1062-1065.

DAI Xuguang, WEI Chongtao, WANG Meng, et al. Interaction
mechanism of supercritical CO, with shales and a new quantita-
tive storage capacity evaluation method[ J]. Energy. 2023, 264
126424,

WANG Xiaoqi, ZHU Yanming., LIU Yu, et al. Molecular struc-
ture of kerogen in the longmaxi shale: insights from solid state
NMR, FT-IR, XRD and HRTEM[]]. Acta Geologica Sinica:
English Edition,2019,93(4) :1015-1024.

YANG Xiangrong, YAN Detian, WEI Xiaosong, et al. Different
formation mechanism of quartz in siliceous and argillaceous
shales:a case study of Longmaxi Formation in South Chinal]].
Marine and Petroleum Geology,2018,94:80-94,

BIBI I,ICENHOWER J,NIAZI N K, et al. Clay minerals: struc-
ture, chemistry, and significance in contaminated environments
and geological CO» sequestration[ M ]/ PRASAD M N V,SHIH
K. Environmental materials and waste. Amsterdam: Elsevier,
2016:543-567.

REERF A F I E. T M L e @ F B H IR
#£.2010:61-67.

Inorganic Chemistry Teaching and Research Office of Tianjin
University. Inorganic chemistry [ M ]. Beijing: Higher Education
Press,2010:61-67.

B M L T 28 GE L BRI K-SRI R COs 43 F T BAT
LI, A2 4. 2021,42(1) 164-72.

WEI Bing, SHANG Jin,PU Wanfen,et al. Diffusion of CO, mol-
ecules in the carbonated water-crude oil system[J]. Acta Petrolei
Sinica,2021,42(1) :64-72.

SNZAEBJORNSDOTTIR S O,SIGFUSSON B, MARIENI C.et al.
Carbon dioxide storage through mineral carbonation[]J]. Nature
Reviews Earth & Environment,2020,1(2):90-102.
GUCLU-USTUNDAG O, TEMELLI F. Correlating the solubility
behavior of minor lipid components in supercritical carbon dioxide
[J]. The Journal of Supercritical Fluids,2004,31(3) :235-253.
TR AR A R SRR S CO, EREARBUIR 5 R BT .
L1 2R . 2020,41(1) :116-126.

WANG Haizhu, LI Gensheng, ZHENG Yong, et al. Research
status and prospects of supercritical CO, fracturing technology
[J]. Acta Petrolei Sinica,2020,41(1) :116-126.

TR AR R BORE . SFL A L U TURUR IR S A R
(M. b AR R BT R 2 M R . 2016:153-188.

YU Bingsong, LI Juan, ZENG Qiunan, et al. Sedimentary environ-

ment and diagenesis of organic-rich shale[ M ]. Shanghai: East China

[49]

[50]

[51]

[52]

[53]

[54]

[55]

[56]

[57]

[58]

[59]

[60]

[61]

Ui BB 2024-04-25 2 [EL H 3 2024-08-12

University of Science and Technology Press,2016:153-188.

PR R R 0 PR AL 2 LML B UK i £ 2010:194-199,
TIAN Jian. Crystal chemistry of silicate[ M]. Wuhan; Wuhan
University Press.2010:194-199.

DAI Xuguang, WEI Chongtao, WANG Meng, et al. Understand-
ing CO; mineralization and associated storage space changes in il-
lite using molecular dynamics simulation and experiments[ J].
Energy.2023,283.128467.

YU Zhichao,LIU Li, Yang Siyu,et al. An experimental study of
CO,-brine-rock interaction at in situ pressure-temperature reser-
voir conditions[ J]. Chemical Geology,2012,326-327:88-101.

LU Peng,FU Qi,SEYFRIED JR W E, et al. Coupled alkali feldspar
dissolution and secondary mineral precipitation in batch systems-2:
new experiments with supercritical CO, and implications for car-
bon sequestration[ ] ]. Applied Geochemistry,2013,30;75-90.
BTGB A K/ I B T AR RR AR TR B DA
Sy 2 LT A B R 5 9 & . 2023,50(4) :872-882.

LI Ning,JIN Zhijun,ZHANG Shicheng, et al. Micro-mechanical proper-
ties of shale due to water/supercritical carbon dioxide-rock interaction
[J. Petroleum Exploration and Development,2023,50(4) :872-882.
XA 8 LA ARG 2. COL M BT 37 55 R 7R v R i
Lo W RIS A3 BT LT ] S5 F B BT S B4R . 2023, 51(2) 1 158-174.
LIU Shiqi, HUANG Fansheng, DU Ruibin, et al. Progress and
typical case analysis of demonstration projects of the geological
sequestration and utilization of CO,[J]. Coal Geology &. Explo-
ration,2023,51(2) : 158-174.

GAT D,RONEN Z, TSESARSKY M. Long-term sustainability
of microbial-induced CaCOj; precipitation in aqueous media[ J ].
Chemosphere,2017,184:524-531.

MADHAYV D,BUFFEL B,DESPLENTERE F,et al. Bio-inspired
mineralization of CO, into CaCOj ;single-step carbon capture and
utilization with controlled crystallization [ J ]. Fuel, 2023, 345;
128157.

MURALEEDHARAN M G, HERZ-THYHSEN R.DEWEY ]
C.et al. Understanding the chemistry of cation leaching in illite/
water interfacial system using reactive molecular dynamics simu-
lations and hydrothermal experiments [ J]. Acta Materialia,
2020,186:564-574.

AT R G RN AL RS BORG L B B BT A A R
O] JEFRERF 22 R ,2007,41(4) :420-424.

LI Hongying, LI Yuxiang, YI Facheng. Cation exchange capacity
of treated clay mineral[ J]. Atomic Energy Science and Technolo-
gy,2007.,41(4) .:420-424,

STIRLING A,PAPAI L. H,COs forms via HCO;™ in water[ J]. The
Journal of Physical Chemistry B,2010,114(50) ; 16854-16859.
ISMAD]JI S,SOETAREDJO F E, AYUCITRA A. Natural clay
minerals as environmental cleaning agents[ M| / ISMAD]I S,
SOETARED]JO F E,AYUCITRA A. Clay materials for environ-
mental remediation. Cham: Springer,2015.5-37.

MUKHERJEE S. The science of clays] M. Dordrecht; Springer,
2013:33-44.

it KD



