947 % 5 i ER B 2 Earth Science Vol.47 No.5

2022 45K http://www .earth-science.net May 20 22

https://doi.org/10.3799/dqkx.2021.241

iR BB IR E COLE N KR & 71 5 M oz 45 1iE A2 471 38 F 35 3 R

= a2l 1,4 = AL 2,3% o = 4 2,3
ZREL,FERED,EWMXL,E M
1. PEFLXFZH PR, T REELETARRAS T RAA N T EERRE LRGN 221116
2 BREBARFASLEERBIREMAFAALSZAALRLEARELZRE,MBERE 050043
3.MAE LB LW ELEGHIFREARVH PO, T ERE 050043
4. PEFLKRFHEREHEAFFR,ZHEMN 221008

B OE.: MR CO,EAME J1 240 B AE R HLEL, [0 55 1T CO, T A S J7 28 M B i I & CO, T AN A K2y 1 1L
Wil — 2 B 25 by 0 1R R A S T 2 S R0 e A AL e AR R AR TN AR A L 25 SRR COL A S Ty S R A i
BEBY L CO, H 1 K3 B e R ] 55 KR, COLTE A I (0 38 = K 0 i A B B ] A 98 K 3 5 i — 20 BRAIRIE S J 4 vk o,
1M B FE X CO, 1 A 1 2 M RE 55 1k B — 2 03 1 .C O, /K 8 T 0o 3 Bl VR T 46 B T R0 98 A 4 A 4 48 2 K 40 7 45
T 21 3 S R R A A2 R R 35 50 AR i R e L BR S A 58 Sk AE il R K R ) AN Ak 2 - R KR A VR
Bk B SR IR, YR IR AR T S ) 2R PERE S AL L AR COLTE A A ) 2 S 80U R R of ) 26 Langmuir B ) 3 3%
B R ORAE I (4 RG 3 7 AR B T A ) B R SO, AR A T R R B A T g 4 TIOIDORS B TR o B R ATk 9996 DA b A
W N B2 PF A CO,-ECBM %2 4 M FI AR i IR T ML )2 CO, B0 A B8 T 3R L il

KB : CO,ECBM; 12 1 I 55 AW HLEE 5 22 ROBE 454 5 0100 AL AR 5 3ol <0 M I

mESES: P618 XEHS: 1000—2383(2022)05—1849— 16 s HE:2021—12—15

Mechanical Response Characteristics and Mechanism of Coal-Rock

with CO, Injection in Deep Coal Seam: A Review

Sang Shuxun'*, Niu Qinghe**, Cao Liwen*, Wang Wei"*
1. Jiangsu Key Laboratory of Coal-Based Greenhouse Gas Control and Utilization, Carbon Neutrality Institute ,
China University of Mining and Technology, Xuzhou 221116, China
2. State Key Laboratory of Mechanical Behavior and System Safety of Traffic Engineering Structures, Shijiazhuang
Tiedao University, Shijiazhuang 050043, China
3. Hebei Technology and Innovation Center on Safe and Efficient Mining of Metal Mines, Shijiazhuang 050043, China
4. School of Resources and Earth Science, China University of Mining and Technology, Xuzhou 221008, China

Abstract: To reveal the mechanical response characteristics and mechanisms of coal-rock with CO, injection, the influencing
factors of mechanical properties of coal-rock with CO, injection, the transformation effect of CO, on the macro molecular-pore-

fracture structure of coal-rock and the statistical model, theoretical model and intelligence prediction model of mechanical

EE&TE : [{HE S &R H(No. 2018YFB0605600); [ 5 [ 48 B2 3 4 15 H (Nos. 41330638, U1967208).

EBB A R (1967 — ), J5 WAL R, 08, 1 A S0, D S A5 i J5 15 =l 0 il A8 R T L S e b A A DG R BIF 5T AR
ORCID: 0000-0001-6246-6728. E-mail: shxsang@cumt. edu. cn

* BIWAEE 2L KA, ORCID: 0000-0001-5695-8355. E-mail: qinghniu@163. com

SIARE R, A PG W S, F A, 2022, TRABIEIR CO, TE AR & 1 2 W6 R A B WL BLAT 58 DE i . HBBRAL 2, 47(5) : 1849—1864.
Citation: Sang Shuxun, Niu Qinghe, Cao Liwen, Wang Wei, 2022. Mechanical Response Characteristics and Mechanism of Coal-Rock with CO,
Injection in Deep Coal Seam: A Review.Earth Science ,47(5) :1849—1864.



1850 HiEkF#  htp://www.earth-science.net 547 5

parameters of coal-rock with CO, injection were reviewed. Results show that mechanical properties of coal-rock with
CO, injection are controlled by the coal rank, the CO, pressure, the moisture, the confining pressure and the time. The increase
of CO,injection pressure, the addition of water and the extension of time can further reduce the mechanical properties of coal-
rock with CO, injection, while the confining pressure can ameliorate the weakening effect of mechanical property to a certain
extent. The CO, aqueous solution recombines the macro molecular structure of coal-rock by the swelling, extraction and
plasticization effects, reforms the pore structure of coal-rock by the micro crystalline structure change, chemical corrosion and
non-uniform deformation effects, damages the fracture structure by the chemical corrosion, swelling stress and chemical-stress
coupling effects, which all weaken the mechanical properties of coal-rock in varying degrees. Among the prediction models of
mechanical parameters of coal-rock with CO, injection, the Langmuir-like model, the extended exponential model and the
modified cohesion model have clear physical significance, while the intelligence prediction model has higher prediction accuracy,
and the prediction accuracy can reach more than 99%. This study lays a theoretical foundation for scientifically evaluating the
CO,-ECBM safety and promoting the efficient injection of CO, into deep coal seams.

Key words: CO,-ECBM; mechanical property; weakening mechanism; multi-scale structure; prediction model; petroleum geology.
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Fig. 1 Geomechanical response and potential security issues of coal seam with CO,injection
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Table 1 Influencing factors and laws of mechanical properties of coal-rock with CO, injection
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Fig. 2 Variations of peak strength and elastic modulus of different rank coals with CO, injection
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Fig. 3 Influence of CO, injection pressure on mechanical parameters of coal-rock
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Fig. 4 Influence of water on mechanical parameters of coal-rock with CO, injection
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Fig. 5 Influence of confining pressure on mechanical parameters of coal-rock with CO, injection
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Fig. 6 Influence of time on mechanical parameters of coal-rock with CO, injection
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Fig. 7 Response pattern of pore-fracture structure in coal-rock with CO, injection (modified from Niu ez al., 2021)
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KA T CO, R WL &, F— 2 S BUE A EA
CO, J1 27 4% T Y B AIK (Sampath ez al.,2019b).

e S C O, K Y 3 [ 4 6 S L B 235 44 1
SR B o B (FE 2, 2018) , B 1 R ALAA R, 38
Rk AT L B o0 T 24 50, ok 59 HL 52 2 v R R 85 4k | fil
FLBR R T B R IR RN 554 1 RO 46 A 22 (8]
) PEE B8R A D, A v b R T 52 T, 5 T iRy SR 45 A
23 HELEHMmMNEE®

CO,TEA KA R LB 45 40 % 1 2 T A8 4k, 4
S AR MG A CO, K S [E] /R IR i3 Fl g8 42 5 S 1]
. H R FE A A CO, T A 5 24 B 45+ 1 1k
B F 2R BRI K i R PR AR R M A AR

g R BRY 98 | 25 S K 7 A R LB Ak A
A RS 7).CO TN, A N
ERv 2200 YN ) QRS QU EREEE A o JE R T e
B2 A5 %2 5% A 4 (Zhang ez al.,2019d) .CO, /K ¥ W Al 5
S ) (e R 6 5 R AR R 1R 6 45 ) R AR Ak 2 R N
(F:20,2018) A 41 5t A 2B rp ST S W) I 1, S B0
I3 24 [ 5 7 7K T (Massarotto et al., 2010 ; [45 ¥id F1 2%
5 ,2012;Du et al.,2020) , $2 5 185 2L BAR AL, 58 m
TR S AR A A R IKURS: CRE BRI 45, 2019).

AW CO, J5 R T A M BERE AR, HK i Gibbs
W B 7 B A Griffith 2R 80, CO, A J7 AL Bt
P J Fiv il 5K N ) Z (R4 7R 1E AH G 5C & (Ranathun-
ga et al.,2016b). W CO, J5 B A FEAR T It A= ZLBR
PR P L ) AR, A HE R R R A5 R i
P35 5 A 6 T BRFBAS BT R MR | 7 = H W AF
T S R B AR K 75 T %) R I N g e T G 5 A
07, i Zhang ez al.(2017b) $2& 4 T g K 1 F1 893+
SRS, I T 5 K R ik N7 ) AT 3k 20.52 MPa.

CO, T A5 ZLE L A7 7E 22 B A 20, 32 2%
ST R B A 0 R ik oL g AT A L S
KW 7 A B, 4 A AN OK R R RN B T
(DEM) Jy 4 7] #i5 ILARE S 9 3 AR 1 50 g i oz 28 5 1 ke
W4 5y ¥ B A IR 0 ok AR — 2D 48 R A R
COLRE ik R 77 7= A I3 K, 3/ R 0 4 4 A X
(Zhang et al.,2016). B T8 W) K A W 24, 1 0% 6 o
A BT S B W) A COLTE A G KA 2 5%
AR (Karacan, 2007) , 3 20K [ 4 43 2 18] 7= A TR R
S Rk BB, IL LA B A 32 45 T 0 Py 1) 25 (] e
A5 1% B (Sampath ez al.,2019b) . 55 &b, b8 7 1 2% 5
PEL 2351 CO,TE A S5/ 3 405, AS [ 1 ) % 4%
T CO,HE ABEE T KA SR ARAE T 76 AL IR g i 4b
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R 7 B R M T R AR B U S i R PN 4 A —
4545 (Pirzada et al., 2018) . W] WL, , CO,VE A 4 N
2 ) AR IR N - R 2 YR A
45 S O CO, A 5 MR 45 45 1) 2 X0
Wi FEF BN Z YIRS A S % 8

3 COLFE NS J1 27 280w s 1l

3.1 U {E 5E B AN AR 2 T AR Y

Langmuir 24 20 % FH ok AR <A He g A% jff
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I (Fang et al.,2019; Liu et al., 2020). B & 3
AR 3 0 CO,, AT 5| I P ¥ 556 Joit Wi ek g e 7
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al.,2014) , 7] % F 24 Langmuir £ 8 5 2 AiE CO,TE A
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AS,. X p
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AE— AE .. X p
patp
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L B A5 R B Ry 52 0, AR I B R A 2
FEAE , BT HORE Y 0 XL BB B A 5L 400 0 BRI 1]
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2 (Staib er al., 2015a) . B, R FI T 4E $i5 HHE A
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2020) . B T HE G 2 v s AL S SR R B 2
[ 77 75 5 3 (9 A 56 ¥ (Niu ez al., 2021) , B % <,
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