55 48 5 11 ) JC2 U 2 Eird Vol.48 No. 11
20234 11 A JOURNAL OF CHINA COAL SOCIETY Nov. 2023

Bla5 CO, 1ERATESHGENZ4FEHR G K&
HEgHEL AR

% Exs, 234, OF, HEE PERA

(1 RJFEPET R WL TARABE, 1P ORI 0300245 2. RJFUH TR AL MR AT B0 8 B 20 38, L7 RJEL 030024)

B OE. 5 CO, EARERR TR EZZICO, RH AN AR ERZ—, 2CO, EHE. &
BYERTAATRIETKRE, ATHRABET CO,ERMK 2 EEMAGFw, KT8 ETHEN
RIEFR CO, 2B E A v, %4 F RGmX 4 %% RFPA™ 380, MR T 3 AU EREH 3
TR S MG BB (RCR) 46X AR IR CO, EA To A F G AR A LA R IR
A, FFREREN. ORIER CO,ERE, MBEEHEm RCR LLAIRILIETR % 1L B iR
¥k, FRMAEE KNS R, TS B MR E LR B B, AU UR IR E e BRI R AL iE R K
—%, REHABRKEZ}; QBER CO, 1A AIRHBER B IR, k] RCR AA1K b 454 4F 4L
BIRE I B B IRAE T A S, RCR AR AR S B A B 38 L3 R EAE R X &
<Dﬁmﬁa%&m%ﬂ%&mm@A¢i¥LAﬁ/*%%&,ﬂ%ﬁi%ﬁ%%#&i%g
KA KRR, BEEMK PR, mEERE Y sy, @ RCR AASKEBEHEBF M IE
Yo, BB MR E LR EL, AR S A BILERE %%r&&m 5 oppag E bR B ; 5 RCR 41
ARG, AL, TRMEAE . BAARTANLR R 3 o dn iR b AR, 22 MR TR PR Y 38 K T iR bt
¥x, %@I‘ﬂcozVFJﬂAﬁ;RCRéﬂAﬁwﬂﬁHﬁF‘iﬁE&bbW& AL B LIS, A4k & LB
A LR RRR T 4o, BEEMFW I EMRE R AR, TR E EIREM G H BT RS
AERAE, MERBERNHHENREESEREREL., 5EREE tl:);kgf_tb A H R CO, iE

AHLEETNRG—IRBIEAN, DABTMEAREERERS. MERERKREHR B EHF
CO, Z4WnE 5, BRERETH CO, 71)\5‘]7775%[‘7\T’Tﬂiﬂfm}%ﬁ/ﬁ‘i&)ﬁﬁﬁ%&ri#m’f%"&é@ﬁl%}
S

K : RN CO,; MEBMAMR; A FH; b B8, RAEHOR Ly R
FESES . TD313 XEREG: A XEHS:0253-9993(2023)11-4049-16

Mechanical properties and fracture damage law of coal-rock composition under the
action of supercritical CO,

ZHANG Xiaoqiangl, WANG Wenwei', JIANG Yulongl, WANG Kail, YANJ ianbingz, YUE Shaofeiz, YU Moran'

(1. College of Mining Engineering, Taiyuan University of Technology, Taiyuan 030024, China; 2. Key Laboratory of In-situ Property-improving Mining of
Ministry of Education, Taiyuan University of Technology, Taiyuan 030024, China)

W F5 B #3: 2023-02-04 ﬂ%lﬁl HHA:2023-04-03  HEHE: B/ DOIL: 10.13225/j.cnkijecs.2023.0118
ESTH: HEARPIAIEEITH (52104097, 51974194); 1L P548 HRLHTFEH- R BITH H (20210302124352)
EEEN: ?K/J\ﬁi(l984 ) B, WS EERRA, flEEE, it. B-mail: 13835194355@163.com
WIS ZE T (1990—), T, FMMIFEN, JH, 1. E-mail: 13485368423@163.com

5| AR sk, B30, ZEE TR, 55 BRI CO, MR T BEA 4LA T RS 05 M 4 BRI AL R [0, S 3R,
2023, 48(11): 4049-4064.
ZHANG Xiaogiang, WANG Wenwei, JJANG Yulong, et al. Mechanical properties and fracture damage law of %5l nyj e

coal-rock composition under the action of supercritical CO,[J]. Journal of China Coal Society, 2023, 48(11):
4049-4064.


https://doi.org/10.13225/j.cnki.jccs.2023.0118
mailto:13835194355@163.com
mailto:13485368423@163.com

4050 # % F #® 2023 44 48 %

Abstract: The injection of CO, into deep unrecoverable coal seams is one of the effective ways to achieve CO, geological
sequestration, but CO, will be in a supercritical state under the action of high pressure and high temperature. In order to in-
vestigate the effect of supercritical CO, action on coal reservoir structure, based on the self-developed supercritical CO,
immersion experimental system, combined with acoustic emission test system and RFPA’® numerical simulation, we stud-
ied the three coal seam thicknesses and three top and bottom lithologies of the mechanical damage characteristics and the
fracture extension evolution of “Rock-Coal-Rock” (RCR) composite specimens under the action of supercritical CO, were
investigated. The results show that: () After the action of supercritical CO,, the degradation of compressive strength and
elastic modulus of the RCR composite gradually increases and decreases with the increase of coal thickness, while the de-
gradation of compressive strength and elastic modulus are basically the same when the strength ratios of rock and coal are
different and do not show large differences; (2) The action of supercritical CO, will promote the plastic damage of the coal
body and intensify the transformation of the RCR composite from tensile splitting damage to shear plastic damage, and the
degree of plastic damage of RCR assemblage is positively correlated with both coal thickness and rock-to-coal strength ra-
tio; 3 The supercritical CO, immersion promoted the RCR assemblage to enter the elastic deformation stage earlier, and
the destabilization damage occurred after a more brief elastic deformation, the greater the coal thickness, the greater the in-
fluence, while the rock-to-coal strength ratio has less influence; (4) The instability potential of RCR assemblage is propor-
tional to coal thickness and inversely proportional to rock-coal strength ratio, and the power intensity of damage is in-
versely proportional to coal thickness and proportional to rock-coal strength ratio; (5 The total energy, dissipative energy,
elastic energy and surplus energy of RCR assemblage gradually decrease with the increase of coal thickness and gradually
increase with the increase of rock-coal strength ratio, and the supercritical CO, effect will cause the elastic energy ratio of
RCR assemblage specimens to decrease, the dissipative energy ratio to increase and the surplus energy ratio to decreases.
Combining the above research results shows that the thicker the coal seam is, the more likely it is to be destabilized, and
the higher the strength of the top and bottom rock layer is, the less likely it is to be destabilized, and the dynamic strength
of the seam destabilization is inversely proportional to the coal thickness and positively proportional to the rock-to-coal
strength ratio. Therefore, in a certain area of stratum that meets the premise of CO, injection and storage, the area of strat-
um with higher top and bottom rock strength and thinner coal seam thickness should be selected to store CO, with higher
safety. The research results can provide some theoretical reference for the safety of geological storage of CO, injected into

deep unmineable coal seams.
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Fig.1 Composition structure and CO, phase diagram
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Table 1 RCR assembly test group
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S10-N
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S10-Y
C S20-Y 3 7
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N20-Y
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SH20-Y
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Table 2 RCR composite uniaxial compression test results
i S AE M
(5B JEE HE) PUHSREE/MPa  UEIREEFIE/MPa WPEE/GPa SR SFISM/GPa BUEMREE/MPa  BEMERLE/GPa
SI0-N-1(3 : 1) 20.654 3.001
S10-N-2(3 : 1) 22.375 21.32 3.311 3.12 22.05 3.21
S10-N-3(3 : 1) 23.128 3.054
S20-N-1(3 : 1) 19.331 2287
S20-N-2(3 : 1) 21.178 20.05 2.601 2.41 21.05 2.51
S20-N-3(3 : 1) 19.636 2.327
S30-N-1(3 : 1) 14.297 1.540
S30-N—2(3 : 1) 17.114 15.61 1.734 1.61 16.14 1.71
S30-N-3(3 : 1) 15.411 1.574
N20-N-1(1 : 1) 14.013 0.785
N20-N-2(1 : 1) 11.347 11.36 0.892 0.82 11.95 0.91
N20-N-3(1 : 1) 9.709 0.786
S20-N-1(3 : 1) 19.331 2.287
S20-N-2(3 : 1) 21.178 20.05 2.601 2.41 21.05 2.51
S20-N-3(3 : 1) 19.636 2327
SH20-N-1(5: 1) 27.038 3.436
SH20-N-2(5 : 1) 31.269 28.85 3.613 3.45 29.54 3.62
SH20-N-3(5 : 1) 29.251 3.304
S10-Y-1(3 : 1) 16.235 2.010
S10-Y-2(3 : 1) 18.019 17.18 2.410 223 17.80 2.31
S10-Y-3(3 : 1) 17.310 2.270
S20-Y-1(3 : 1) 13.935 1.754
S20-Y-2(3 : 1) 14.491 14.79 1.933 1.81 15.39 1.93
S20-Y-3(3 : 1) 14.947 1.752
S30-Y-1(3 : 1) 10.077 1.355
S30-Y-23: 1) 10.832 10.71 1.397 1.43 11.32 1.51
S30-Y-33 : 1) 11.684 1.532
N20-Y-1(1 : 1) 7.294 0.587
N20-Y-2(1: 1) 8.331 8.69 0.673 0.62 9.14 0.70
N20-Y-3(1 : 1) 10.468 0.606
S20-Y-1(3 : 1) 13.935 1.754
S20-Y-2(3 : 1) 14.491 14.79 1.933 1.81 15.39 1.93
S20-Y-3(3 : 1) 14.947 1.752
SH20-Y-1(5 : 1) 20.534 2.321
SH20-Y-2(5 : 1) 24.147 22.13 2.688 2.45 23.61 2.59
SH20-Y-3(5 : 1) 21.717 2.353
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Fig.5 Mechanical parameters of RCR combinations

i JEE RCR 21 A AT 5 B AN SRR AR . ScCO,
B 7 d ST 2R B R T e, (BA AR AR O A
KAk, B AR AR AR LN

(2) Bifi 7 HEE 5 B LB AN, RCR 2 A i F e R
JEE RN S A R BTG R, M R LU 1 1 R
50 1B, il 2 )L 24K, R
F I S R LA R AR T A R A
FaE e, Bl TR, V558 R i 2 A2 IE
e A A AR AR A R ] A, SO B L
X} RCR A A AR T 275 FE 2 M A K

(3) ScCO, AT, M 10 mm 3% 20 mm
B, RCR 4 A (AR AT R i BT BRI, {H e AR 5
JERI R 30 mm B, AT Heos i B R R, H X —
IS i) £ H B E 10 mm A 20 mm BH4H SR & A=
FAKDEIR, LIS A 30 mm B B IR A H % A 7R B
o EHEER R, 24 RCR 44 K14 K FH ScCO,
B, B ESE n, LA A AR e He o B )
TR, R BERR IR I, SRR 10 mm AR
FYR AR, BN 20 mm BFHAEARBEIR N, I
J5i , Wit B RS (R 8, RCR 20 4 A iR 5 32 A5 52 52 )

LN
32 mEBREMEMEESLE

REAK ARG 12 S B AR B R v 4 1k
JEPHAE ScCO, 1EHJR 1 112 S5 AL T
AL RAE, B AT LA — o B b ik 4 42 D5
ScCO, TERM e . o, T, 2y ScCO, /EFHTHY
J12EZ80 T, A ScCO, VEH R 1Y 124288, WA )
BB EAE S vl £ h
_To-T,

Jpitt— 58T ScCO, LX) RCR 444k 4 )
S IS, AR S 53 2 TR R, 43 RCR
HAERT2E R E S A, E 6 fis .

i 14 6 AT, S10. S20, S30 7E ScCO, ¥= i 5 H:
PR 8 N S AR i 45 A 200 R 19.42% . 23.23% .
31.39% Fi1 28.53% ., 24.90%. 12.59% . EAE N —Fhik
150 53 A 5 PH 2L 4E I RRIR A R, £24d ScCO, IR L,
A ML) s A2 B, A A 4 P B 3 2 O 2 i
PR, FA LG M ANH 2480 e fdi45 2B ) 12 fik ]
BEATS, o5 b k1 9 BEL 7 AR, A 3 T BB T 4y

S x 100% (1)




11 TR/ NIREE HRI CO, VR A A A R s A S 2L e A L 4055
357w GRS (REN) -o- HILRE (RRKE) 1% e g
30 | BV GUESE (L) o= S0 CRHER) | 25 : . . :
¢ s 31.39% — . SI0-N
=7 ’ 30 20 7 SoN s
o0t = Py
| 05 .
= 15 F ] = £ 15 N
2 23.50% R = |
& 20 R ‘

10 - Z10f !

st 15

5 -
0 s 10
SI0  S20 S30  N20  S20 SH20
cgisledabia 0 0003 0006 0005 0012 0015 0018
(a) BUE B S5 e R e
: ; ENeT
ST mm A R —o- B (RERE) 1% (@) A
PR (BRI —e- AL (RIAISR ) 3 i 1) /s
4r 0 25 50 75
32 : :
S [ 30 — . SH20-N o~
m%ﬂ 3r E:( — . S20-N PR
25 24 L — N20-N / \

K )

3, 24.39% § — SH20-Y P !

e 120 < )

< 16t :

1 11s 5 I

! ! i - ! ! st __/-/\
SI0  S20 S30  N20  S20 SH20 .
IS X RAN N
(b) sEAE g S == ) )
0 0003 0006 0009 0012 0015
& 6 RCRH&MKI2EpedbE %2
Fig.6 Deterioration of mechanical properties of (b) NAE R L

RCR composition

TR, DT SO R B e i B RS AR R BRI i
RCR A A2 B AL R 2 BRI, 0o 2
L JEEHE N 25 A0 B2 R G R, (H T A AR
PR IR 25 R0 TR, S i A7 B AR AR T 5 ), L5 FHR
2 R B o s T R A1

AN, N20, S20, SH20 41 A R4 7 ScCO, 7
Y05 AT o B A S i 2 R B A3 L R 23.50% .
23.23%. 23.29% 1 24.39%. 24.90% . 28.90%, <1
SRR Ry 20 mm HsF, 7 3 B R AR 4 T iR
SRR L TCOGHK, AR AR — 3
3.3 BEARAER S1-R AT g kiR AR

RCR A A IR AEAE ScCO, 12 Fi J5 #9111
AR 7 BioR .

SMATITF, RCR 4 A AU Bl R 4R e R e
R G G MU A 12 4 B BERE IR R, (ERE 2 R B
RS LG LN AR AR T K VRIS ] sE M 5K

F &l 7(a) PT, 41 S10, S20. S30 142 1L Hif i
AR5k 0.0125, 0.013 1, 0.015 5, 3= i1 J& h 4% 43 1)
4 0.0117, 0.0107, 0.0118, 7 5 F F& T 6.40%.
18.32%. 23.87%. W] WL, REHLIT, AR H) RCR

B 7 RCR Ay R ) —ny AR i 28

Fig.7 Axial stress-strain curves of RCR composite

A G A IR R VR T Py 7 28 A T8 AR BsF (i) 5 T 8 K T
B o AEXSF A — R, 4R SeCO, R ifL)A,
HA R IR () 07 AR AR T A B[R] B A8 /N o 3 2 v
T ScCO, XM IS 2L T, FE 4 & ik
A SRR SR AR T B B, HL28 7 6 T A s AR I I

i & 7(b) 7T %0, N20(1 : 1), S20(3 : 1). SH20
(5 ¢ 1) TERULHT G R FWEIR A (9 R AR 435 4 0.013 5,
0.0131,0.0133 £10.0100, 0.0107, 0.0109, T [ &
4 25.93%. 18.32%, 18.05%. MLl WL, ik Kz
TR, A BESR X A PR JS RR IR 19 g 28 AR T F s
) 5 95 R 80558 , (ER ] SeCO, R , 44 Ak
SRR R0 7 8 AR T RN [ S 250 )N o

4 RCR AGEBIFEERLINE

4.1 RCR AEMEBEIHATIRE & SH4FE
IR 00 75 % i 58 7 3 ik A e/ — e i P,
Bayesian F3:P1 HIxtE ik | saliv e f st



4056 # %

F 1

2023 4F5F 48 45

K Geiger fE PP, Geiger fE 1k J2&: Gauss-New-
ton e/ MULE PREL I N 22—, 38 BT /NI b 7%
P o AR SR 25 3 ROBE A 20 A R, BOR
Geiger & {3 5315 SO o8 75 RS a5 TRl & . /e
T RCR AL AR BB ASR], 5 B 75 I i o A7 7 25
S, T8 A ST T P A Sk F e I R 2 DG i L, 7R
AT R R E LI 388 T AA Ty R i R SR A SO B £
S RIS ] 22 AT ST, TR AN [ AT 2 35 1
Bf ) AR R 2% o AHAS SCH AU R R BEFAY SeCO,
BTG RCR AR e 247 & S =440 SRR O &
SRS SR B G DL, LA ScCO, 1 7d &
BN ARG, OB H 2 SRR 7S R SRR R A Y
WERG P o DRI, 4 D S T O SRR % A 9 e 3, D
2200 m/s, BEAR, R T IR/ IR 22, ISR R R
PSR BN A B 7= (K] 4) BT BT AR,
SR 30 I A S S AT 7 I E (LR 2R A, 2D
PRUER IR 25 R R

FETF RFPA™ HUE A RCR 4144 5 4
T 4B A 75 2 A B0 R AT AR AL, RFPACD WS 2 AiF Hir
AT SRR B9 B IR A0 75 2 St A X 33 o0 2600, S ad xof
AH R P B e S b BT B 43 2 RCR 41 A1
T RS = 2 A VL PN R AR A RN B DRI ) 7 R
H o Horr, SR BRI IR T 2B T 2

N20-N
19 RIA] RCR 414 (A I bRt 7 % 5

Fig.9 Number of acoustic emission before and after soaking of different coal-rock combinations

N20-Y

1P 8 AL, 04 BOMRPF I ZRBE S B BE, et
AE S0 22 i R A SRR P 5 A N R
J Kk s PR S 1R, HE AE SR TR, 3R
T EEAlIk 25%; AB BOAHAEAR L B B, % BL 32

A R S F A, LT AR R BT VIR IR 77 A (7R
R,

SEH LT A R (AE) AU AT RCR 4 14K
(AR FEIE | BB R FNRE . LA S20 A fiil, HAe
PR AR T RE T AE B 2s AR 5 07 Ry AR il 4R
KRUNE 8 i o AFMERFAARE e RCR 44
TRAE ScCO, 152 L HIT i 22 AR MR I ) 75 2 S = 4k 5 o
g 9 firs .

i 5)/s
0 20 40 60 80 100

30

0 0.003 0.006 0.009 0.012 0.015
R

8 RCR 4G K25 AL (S20-N)
Fig.8 Spatial and temporal evolution diagram of RCR
composite AE(S20-N)

SH20-N SH20-Y

oA RER SR B, AR A B A SRR, I AR FF
Hom K218, HORH M TR, 2t 5 ik 35%;
BC BUMJE MRW IR B, I AR b ™ A R R 2R, I
AR, AE SHAEECRURIE N, B E IR0 (H 2



5113

SR/NGR AT IR B CO, MR R IR AL A PR ) 2 R A ) SR B AL L 4057

fif 5. C, AE FHAFH N H ik 85%; CD BEATIA I B B,
R RASWIR, ;=AU NABR, IR AE S5 A 3
K, HRIE2BIR, AE FEGN ik 100%.

i 18 9 m] 1, S10, S20. S30 i /4 7E ScCO, = ifl
HIJE HA IR AR S04 KR o & A AR B 302
THASR IR TR A 5 A S B irsk . thah,
RCR 21 A5 AR 7E Bl e 4 15 25 A -5 SR (A1 A7 AR AR JE T
PR, X R R R R 1 R, AR TR R 4
T C A 53 75 RS FURAE S s Ak, Z e WA 4%
o 5 1) e R 2 R TR B IR, R 1) B0 2
5120 o et 2 U N 87 &3 S i E R X e |
FEFRIS I PR R4 IR, Kig AE FAFFRRTEM A AL
FHHEAR I bR BUEE, St AR A 1 S4B A Jre 5]
FARBA JTIE

(AR A, X AT S10-N| S20-N £ S30-N
RAER AE S04R50A0 a 0, BEAEE 935 K, AE S047E
SR BTG £, e R TR B D, I TR R R
LA 28 T 2 W AR B B R AR RS A T . Y
K H ScCO, Bitlfm, ARSI 4 1, B AE SHF4L
AR 0 2 T R, B i TR iy AR G A5 /N,
RASWEIRES () Zh A W A BB AR /N, eI LT RLAE: /¢
S10-Y ik, AE FAF AT AEBEZEBR A4 JR L 28 B
EFE, TE S20-Y I KER 5 AE SRR k25T
W s B, R /INER A AT g kI A A R, AR
S30-Y i AE S A T, JRREFERERY
By e A 2] 4k . B4k, 43 B N20, S20, SH20 —
A RS SRR T, AR O 10 1
(1 N20-N b, ti FUe2A B AR K, BRI A
FRRPBRAS PSS B R, SR ScCO, =ifl)5, AE
AW TR D, (AR 5 5 AT 52 B SRR X T2
PEERFE LN 3 0 1 BFAY S20 IR0 RT AE F 4 i Bt
TR B 2R A 28 U, 125 4R v T AR A 28 A
BRFIT; M A SR Ll 5 2 1 B G SH20-N), 75 &
SRR RIS A3 50 TR N, T i rh i AE 34
1 2 R TR A A Y R 2 RN AN SR ) A B
TR
42 RCR A&@TRBIFESENIE

RCR &R0 28 LB 2 e SK sl 5 i i —
IR AR FR MG, Hak i i AR b R 2 ) 275 i 451473
SRR R A BEIAG LA R RSB R YT . iU,
ARG 1T RCR 214 A1 B B 38 A FL A R AR A IR
R A SEARRAE R B AR AR

WK 10 Fros, S5 2 Al B i) 2 Fn s+
ARG AR BRER U, IRIER I 22— P

o

O oo

0/ Uy
o-l
de Ag,

0 &y g, g €

K10 BEAMITHRERT LR

Fig.10 Energy transformation relationship in coal and

rock mass unit

U=Uys+U. (2)
X, U AR A B RFERLRE, kI/m®; U N AR
SEAERBE R AR B, kI/m’

ACPE PRI T 48 1 R R AN A BE BT R A

U:f(f‘a,-de 3)

1 1
= —¢ ==0g.A 4
Ue 2Ee 20c Ee ()
U—U—U—f“ de—Lo.n 5
4= e =), oide— 5oz )

K, o R AR R AT — S BN T, kPa; e ik
P JT e A2 AR 5 e AP UEEAE N T3 %55 N AN AR5 e AT IR R
N AR E A A ARR SRR L, kPa; o A IR EE,
kPa,

2 A REBEIR IS (AW J5 R CRE U R 0. — 1 A2 il
Znlig

Uy = j o:de (6)

K, e MR SRR & AR W B RN AR, BN -
oy A% pH 2 P e R AR
MK ARRRBUET, ERTTrE R A RE U, —
BRI AL A U J5 BRI RE Uy, — 8B AL M BLARBE U,
BIARRE R/ NG BEA A RS IR AT 3l ) e PR & B4
XK. BRREU, TR AN
Uy=U.-Us = %acAse U = f oide 7

M1 3)~(7) I AL G RN B e rp A5 RE R
HeRe R BRI, PRI 3.

ARV G AR ScCO, BT J5 FERLRE o5 1L |
PRPERE & L AR BE & RS AL ML T LR AN A 11
7N



4058 # % F #® 2023 44 48
&3 RCRASEMBIIFTIEES
Table 3 Energy of RCR composite loading failure process
BRERE O REIBEIM  REERENM  BABEIE
RCRALA AL = S RIS et dRS T BARESH
kI - m?) kI - m?) I - m?) &I - m?)
S10-N 99.53 38.39 61.14 36.38 38.57 61.43 36.56
S20-N 96.51 37.68 58.83 20.98 39.04 60.96 21.73
S30-N 88.36 34.19 54.17 13.56 38.69 61.31 1535
N20—-N 41.59 14.71 26.88 7.34 35.37 64.63 17.65
S20-N 96.51 37.68 58.83 20.98 39.04 60.96 21.73
SH20-N 153.92 61.03 92.89 32.88 39.65 60.35 2136
S10-Y 77.98 33.79 44.19 24.73 43.33 56.67 31.71
S20-Y 53.22 22.34 30.88 9.60 41.98 58.02 18.04
$30-Y 49.67 20.88 28.79 445 42.04 57.96 8.96
N20-Y 27.37 10.50 16.87 4.10 38.36 61.64 14.98
S20-Y 53.22 22.34 30.88 9.60 41.98 58.02 18.04
SH20-Y 97.46 43,51 53.95 18.67 44.64 55.36 19.16
75 FERLRE AN 2L A BE S B W R AIG, Ui RCR 41 A& ARk 3
- e UG (558 3 5 A 22 O A YR sl T 0 i A P80 70 B B o 5
Sek 8= — =3 —-8 - . . -
i L - = S FEAR, RPOR R ZS 5 R &, IR (4 30 7 i B gk At
= sk . B BRUTREA
= —e ° ® . " \
% go— == | g6 —°° o 53 B BB LG S, L N20, S20, SH20
ﬁw-*Qi ARG RS BT ScCO, B BT Bk A
=l ‘*\\A POt FFETICRE i HL LS AEHTE 60% Fil 409% /A, Bi#s
K A S B L G, SRR BE & O R AR, FERRRE & EL g
1 1 1 1 1 1 2y Té’?‘ a1t 2y i A r
T e —— TTHE, BARHE N HEIE IS K. ScCO, 1 & (i 54

RCRA &k
—m— BVERE (RFEIMEE-N) —a— SRR (A SRE HE-N)
—o— FEHLAE (NFEE-N) —e— FEHUAE (ISR LL-N)
—a— BARAE (NERE-N) —a— BAREE (N FSREE LL-N)
—n— FPERE CRFAEE-Y) —m— 30PERE (NFSRFELL-Y)
—o— FEHLAE (ARIMIE-Y) —e— FEHLAE (AFHRELL-Y)
—a— BRAE (RRBIE-Y) —a— ARG (RFERELL-Y)
E 11 REEA A R RE b th £
Fig.11 Energy evolution curves of different coal-rock
assemblage

i 3 FIEL 11 A, Bl RS N, 4061 S g
i, FERLRE . MERE . BORAERIB WAL B G AR
FE LGS, AR SRR FERLAE . HERE . ZRTEYY
BHTHER, ScCO, =X AN [ AR &g i 45 1k
HH@-O

XJH S10. 820, S30 i 44 1] A1, ScCO, = M Hi 5
PAVEREFIAEBLRE 5 LLEEATE 60% F1 40% At , W]
S5 2] A R R SR RE FNFE LR 7 L TEZR R &R,
{H ScCO, YEH & ffistERe i LLREAI%, FERLRE & L= o
BUAb, 23 AR o L Bl 2 R A 1 sz i A2 /0N, HL R
K. BEE RN, RCR 4 A 1R A7 1) v BE |

RE 7 LURRAIG, FEHLEE A LLTHs, X5 A AR RCR 41
B2 TR B R N RCR 514
A SRR RE . AEICRE AL LR BB X B W T, 1
RCR 4153 1A 3 3] e {500 88 A 2 WL DR N T 85 i A
(50 FR BE S M T, B LS JBE L ASOR, RCR 445
PGB 5y R AR, TR AR I R 3l 7 56k B o BRAR g

2 Loy I, RCR 48 R AR S H S BER AUE
Lo, 5 B LU L, RCR 2 & R BRI 21 7
o S MR U L | 5 B B SUIE FE s DT
REHE A7 L5 S R e R0 B L 0 R AR M R &R
ScCO, M HI2x i RCR 4145 M3l 14 5L BE & HL R ARG,
FEHLEE b7 LU TH, BAEE b7 LU RRAR, 20 S AR AR i
P AR 2 B RE A8 R, T P S RE AR
SR/, AR PRI B O 5 4 BV 25 B O 4

5 RCRAGEHET EBMEEBIIRIBES

51 RCRASFHERMSHIKIE
T REPA® 5 X AN [] 58 5 B o o 3 32 1L
RCR & WA AT I Sl IR AR BT 7S, O il



5113

SR/INR AR BRI L CO, VR HI R AL 5 A 3 2R AR s M 2L A ML 4059

iR 25 TR L 2B . RFPA®Y BB K448, AT 6 RCR
2 A R TRU A A A ST R AR [P EOR IS, 25 FEE in 28
7 A A AR AR T, 75 00 2 m, R
B S5 2 N U R 40 06 25 RS W X I R
PEA TR G LU IE S0 e L, fe 2000 A AR 1 3
JREE R 3 W5 A ICE T — SO 3), Bk
BRI A 2. RERAGEE ST ScCO, VE TG B RCR
YA ARRERY, T XU | PR AR L, IR
B BIR L SRR S BRI L, T 20 4
SR AR C A TS R I, 1055 R 400 S
AL RN

Fisl foo =0.260 2In m+0.0233  (12<m<50) (8)

E.JE.=0.141 2Inm+0.6476 (12<m<10) (9)

Step10 Step20 Step30 Step40
(a) BB A 2L

P12 S20-N BBl R AR IR R B r S A ML

Fig.12 S20-N uniaxial compression breaks and AE evolution

T Il 12 w2, AR (Step 10), M= 20
VEZLBRE, HLH AR R BT B R 0475 224 37 3 i 3 K
(Step 20), I APL B EW L, 7RSI B2, 1t
B REAA P 1 R B e IR P 1 7t Y4 Step o 30 B,
;AR I A, EDCEREA T T A A A A R, kA I
B4 FE BY BRI A 1R 20N, 75 kB TG T
JP R, 75 2400 1 B (1 R AR s Y Step M
40 B, R AR, 7R R T IR AR AE ERBRRTE . X
FIBER 20 mm Y RCR 24 VA il TR 48 ORI BE
TR LAJEAAR Sy 32 Pl B AR /N o AR L A BE R,
R RE i AF: B 32 2B AR B h 199 R IF 2R i S5 e 3t
T A 28 3 o3 AR T A TR
53 RCRAEFEHERYT RBSEHERDITE

& 13 AR RCR A AR 19 3 N 528 (HLrh,
W -1, B -2, 75 & BRAIA] -3 B (e
PIREIRIE -4 1k Bh 25 i B E B AL SR 205
R AL R 20U F -6 T N20 A A
SRR T, RS R AN 5 X 48, U IREA AC
FLAL SN T R A EIZR) .

HT Pl 13 AT, Bl AR SR (384 in, RCR 4 1k

o, fos FVE 530 R 7 W10 588 B (MIPa) 155U A i
(GPa); fuso 1 Eo 53 ) R 4HWLHE Weibull 437 B (14 5 JiE
(MPa) FI5 LR (GPa)o

i (8). (9) BN AR5 40 S HLTs
FRABLHY T R, B2 BE RS % 9 3 g0 o 1Y)
U 58 R P ASE AT, RIS (4 40 RS U E N
S SEHERHUN S5 (H
52 RCRAEHHKY BIEME SR SHENIFME

ST

RFPA’” B {H 45l RCR 20 & 1A 2%l s 4 i 22 e
75 R s AR AN 12 s, Ak L S20-N A 6143
Mo FEE 12(b) Hr LABR S /MR e 7 & S50 5 RN,
W B A2 053 AR R 7 A A e IR R B 1 SR A 1)
RS

Step10 Step20 Step30
(b) PRSI 2= A

AR AR BIR I SBR[ AT 2K, 240 J A B
TR W Ry 1k T A A, 4B ) A
BN . BEAE, X E AT B E A S 2= N SRR 45 2R,
HRIRIE S A 3

M STO-N B VR 25 T 0, e e e S b
T 32 SR, A E BT 90°, KA T 32 ) SOLI 3] A i)
T Y SR RO AR R B U0, SR IR s
[ B, BB\ TR B, FE R
2 LERA R X U BUE RS = IR, 2 H R

“H” BIREIR

S20-N i {4 B [l A S T rp o= A, B
I 2 A0 R L A2 SHC it TR 5500 R ) B S4B AR s, 2
70°M B ISR, 5 24 B R T BEA 9 Hh EL S R, B
SRR AT AR IR AR BT, 3 AR o A A A T
FE AR R A 70 B V) 244, X B AR BT DImk
A BB, BY DI St VR FH R A e 38,
AR R AR RIE BT U , S8 3 2B R
HE—25 JE = A BT . B 2408 O B
7R 22 S B VIR AR, I H 32 S4B A i 28 5 4™ AR
ZBRBTYIREIR, PR SIEAHIAT, 2 S10-N



2023 4F5F 48 45

6

K13 R A AR R R R

Fig.13 Failure forms and AE simulation of different assembly specimens

AR AE A8 2 HAET,

S30-N il A S 45T DI IR, 2 2B Bt 2
AR, IEFE A AR 2 A AR, R BRAE A
I R AMI, S BCE RSN AT IR R B, (B
PRA B T B b AR A, 7 AR G 1) S R RCR
AR A2 I R ST RS RE ), AR B DI YR £
AN, W IR 32 4 B A 0 B D 3 (T U (RS Ml
ik

MR AR R ScCO, IR IRT, B Ao
JE HAGHE K, RCR 4 A R RSB R s i e i 72
Iy WEIR T W 7 A FUA A Y PR IR . 7E N20-N

Wb, T A R E LR, I PR e A
BRI IR0, RN A rp 2B L[] i 7
A, ZJERBRTHE S V7 AL, AN, il AE 50
FRI, ANASCAE 32 23 It B S UL 00 81 Ak 7 S R
T ELAERE A % b B0 28 o [ A L0 38 e 22 4y 7
KFAE, B RCR HARNERBE K F e, A
P BR TR 2 WL X SH20-N 3, A HE
SRELLE 5 ¢ 1, SR BEEIEE I, BRI PR )™ Az i 2L i
Tk B U, B A B TSR A IR
PR

M AR ScCO, kb5, HA R



5113

TR/ANERAE: ABIGA CO, MEH T I A L AR 1 AR PR 05 B 24 By A B A 4061

WA AR A 25 AE o an S10-Y il rh AR 2Bt
MR L, AR 2OY B R A B VIR, B2
BRATIRE BT 2R 2 A A, 75 R S B IR M T B T B
A8 B G X S20-Y 44, B eI & 3

SABR, AN E AR I 4B, R BN B AR,
FEIL LR SR PERE IR, BERVE R T R i Il 3 it
AR AR A AR, FUA BRGNS E A AN i
T4y RV . AE BREE R T U S B BRI A1, 7RI IR 4
ARESEL A5 S30-Y i A R T B K AR, IR
[H 280k A0 () S PERG IR, WAk AR, AE 48
PR R, TR B HOASE H B RO -

g5 LT 15

(1) BB JZ 5 S /Y38 i, RCR 20 A AR 24 vh B 25
TR 1 A A, BRI 2B “H B
BRSNSy “X7 RUALEE BT DR IR, =B Y U) £
H T 90° B Wi ka T 45°, 2R H ScCO, IZitab 5,
SR S AR TR B[R] 5 R ST, TE 2 R SRR, B
B2 2 TSR B 4, RCR 2 A RS B B 8 A
ST, BESRIE 2 KA B U IR 3 3 1 TE B (. 2
B A B R A AR AR S e A

(2) B i tbﬂ’}i*jt RCR 41 & R 487 5%
FERNA 1 TR R 2 i, R 2 ‘v BB
DI IR B 2 Sk A SR A B DI IR, 2 4B B 1)
A E MBI /N, R ScCO, IR H 5, Hoa o
JE LA, RCR 21 & A 2408 >R i, T 25 R ok 3
FU R, IR AR A A A Ry S, AR R e

(3) FEAR AT ScCO, Z i, RCR 4 &AM IR
P 2 BT Fr 1) A 75 0 G, I & HE KR I, G
DL B s B SH20-N A o I 4 5 2433 ik
RS, SRR AR Y557, S8 RCR 41L& 141
WA, BB K, iXiFEEU% ScCO, 1E 2 P& AR
TRIEEER TR N TR BE 25 M fi, B (G P 34, 14
INSAPERE IR, 15 i /I\QEAMKE/WEZﬂﬁ/fC\ 1%
SR RE B HOR S R A S A]

6 TitE5RE

6.1 it it

N[ SR AL B L RCR ZH BAATE SeCO, 1
FHF 324 B S R R AR 14 B .

14l 14(a) FIAL 7E ScCO, ERTTT S RCR 41414
PO iR B A o i o R S B A, S
WG UL R AR 8 . 7E ScCO, TEH R,
SR 10, 20, 30 mm B BEIRRHEIE X400 k- B oa
BEARPLARE IR 5 ) 5 R A B DR b 5 R r
AR S I IR ) EUA A0 B DT IR s H JREAAC R

—o L (NI SRIE) —o- RIMLIE (Y- UK HRED)
e R FVHEE (NS - R (Y3 R
30 - -7

25 6
Bl el Relb CAORD> IV GIOND> |
- — . _ . y——OlSc‘ 1421.84
20| el 15 s
~ 2 ==
= o
2 il
SISt 4%
= =
=T 13 fin
5| |SeCO; s B = 1
W
19.42%/28.53% 23.23%/24.90% 31.39%/12
o LM Gt D) e |
10 20 30
JJZ B fmm

(a)
—o— AN[FAHRE (N-PUEHEE) —o— AFIHEE (Y-Hu L)

—k— ANF R SE (N-FRVERE L) —k— AR (Y55 EH‘EE)
40 -

35+ {75
30 L utbemtn ety it CAUOID> Bg’cJJ(P
=0.87x+2.59 - 46.0
&£ 25 R=0.99 =" ScCO, g
= \ - ©)
PN L 1=0.67x+1:77 - 145 @
s—%( 20 R*=0.99 . Egﬂ
nr < 4‘6
M 15+ ScCO2 =° e 130 &
S - - = iy
0L +5.48
. 1.5
5 SR/ R 5 Y e
i WA A :
23.50%/24.39% 23.23%/24.90% 23.29%/28: =0
0 HICAD 5 (7D 5 (‘p.
101 301 510
ey ULl ad

(b)

14 ScCO, fEHIT RCR 4A W1 Ak BT B HHE S &
Fig.14 Relationship between mechanical properties and damage
characteristics of RCR assemblies under the action of ScCO,
PR By DT  [m) REAAASBVE B DR . i 15T 14(b) AT,
TE ScCO, 1F TG RCR 25 P40 i B A A ft
WEHE L B LU B3 P T v, e A R B L Y
AT R WARRKH R o 7 ScCO, fEHIR , A R
BERE T : 1,3 5105 1 BRI 0050 o s
PR AR B DT RIIR e 1) 5 R BT DR o
PR B TV DR 1) AT SR B IR s o AA

BRI IR 1) RSB IR BT UTRSEIA

2 EFTR, ScCO, & R ss LR )y il
BT A SR SR A T WFFE UR R T, B2 R Y
Hb 2B Ty e ARG TR AR e J2 i v ) 22
NGy R A RAR, HUZ AR ) ) 8 o HE 55 4
JERMR LG SR USOE . ORI 2 CO, TEA
B AT A —E X2 N, ISR R A T2 58
BERCR )2 5 B Y ﬁiﬁﬁi’@)jiﬂ? CO, & a1k
Cil=s



4062 # %

F #®

2023 4F55 48 4

62 B H

MRS THRME, B o SRR i 50, oA
VE R —Fhms B A2 B, gL A & o3 d 4, R
K, A IR A AE CO, fiE ST, BUstfiffE CO, BE
TITE , TEGRFRAS AT RS e O AR AR 22 122 Ry e o
05 D[R, 7 AH [R) A AT 800 T 728 SRR B R A 1)
K32 ScCO, fEHJE, H# iR E LR . 77
KB R M2, 35 2 A EANE—, BOERBCR S | ib e
A RAAIX 3 A A S5 R T TSR, IF AN TR 2

“FIRERT BB RTE ScCO, YERT T 1y J124bERE

FACTREE | e AL RRY RARRS S
R, BB RMEZEA CO, 5, 11T €O, 5 CH,
()58 S W BT, AR A7 A K Sc RS CO,, FEUKE
T2 RiR g5 4L, 51 R BEA R, 15 530 CO,
M, V5 U K BRI . eAh, B2 TR A
(ARAL | M I2 ST 5| & 58 R B F (k. H
R A ) AR S WP S R A B R R 7 A S T, G
HEAHGARTE ScCO, TEFHTG 1 RN RARA 2

EHXT ScCO, 21 7 dER 1 BBy #E47T TIRAM
SR, BIEEAR Ry =R 15 B B, XA 5 5 A I [ 46
il B A58 4 s B Be ATy e AT IR AR ST o LA,
JEZEXT CO,. CH, 5a 4 W B i A7 7E 22 S PR IR,
L2 I A S5 R SR - T 2 AR G 3R, TE 2 A
TR A5 2 S BUX Y 1358 T, i el J
SRR B — A G 5 RO TR AR B 7 ) .

7 & i

(1) RCR ZH A AR ()47 e 5 o5 B P A o O R
T REARR, B A s B FL s Kt . SeCO, fEH S,
BEREIEE (15, RCR 2H A A e 5 B 45 F I 3 i 44
K, SRR B 25 AR R AR AR A5 7T 224 2 R B LA
], S s 5 38 R g i 45 bl B AR — 3, I
REMIKZER

(2) ScCO, 1E 538 RCR 44 FLak Ay
Wy BE, B2 07568 (SR AR R 5 & AR R R R, H
ZEESEAEK, 52 AR s

(3) RCR AR B RE & . FERLAE . SMERE . ZIAREE
BB A B2 P 15 I TSR W AR, B i B L A2 KT
B . BLAk, ScCO, E FH 4 i RCR 41 A 1A 5 14
fE b7 ELFRAIG, FERLAE 5 HLThn, ZUARRE S HUR#AR .

(4) BEE LSRN, RCR A ARBRER i “H”
TIPS B IR G AR y “X7 RILBI BT IR b 2
SR LU R, RCR 1 & R 2 3 A v
TR0 5 U] 0 IR 350 7 e A8 kg A IR 19 BT DR IR, 1 L
ScCO, I LNEIX 2 FkaFA R FE AR IR

(5) RCR AR EHGHRIERIE L, 551
S EE LU RS LY, BRI I 2y ) i S5 B TR A L
5 IR B L IE e . ScCO, VR &R s M1 % A=
IRVERIR, ORI B 5 MR A e 55 B e 2 e A
KKFR
5 % 3 #K (References):

(1] MR, XUTER, P36, wp [ — S Al S A 1 i i st e
[7]. MER AR AR, 2021, 49(11): 10-20.
SUN Tengmin, LIU Shiqi, WANG Tao. Research advances on evalu-
ation of CO, geological storage potential in China[J]. Coal Science
and Technology, 2021, 49(11): 10-20.

2] FYE, FZEF, SER, OB IR CO, AL TUA ST R M R
T IRRBFIT I SRR, RIRA T, 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 re-
covery and geological sequestration[J]. Natural Gas Industry, 2021,
41(6): 60-73.

B] XK, HIREE, TlF, 2. Bk SRR CO, EHFHURBIFEE R[],
I8 LT, 2019, 48(6): 14511455, 1473.
LAN Tianqing, MA Yuanyuan, GONG Tong, et al. Research pro-
gress on CO, storage technology in supercritical state[J]. Applied
Chemical Industry, 2019, 48(6): 1451-1455, 1473.

(41 XUde, EIER. CO, EAXTHERR 2 FRAIERE ) LI AT (D). M3
A, 2017, 36(5): 47-49.
LIU Chenglong, WANG Yanbin. Experimental study on influence of
CO, injection on coal characteristics[J]. Coal Technology, 2017,
36(5): 47-49.

[5]1 SREN, W, 5.1 Co, WM R RIUE K CO, HAFHA
[7]. MER AL R, 2016, 44(6): 205-210.
ZHANG Chunjie, SHEN lJian, QIN Yong. Technology of CO, injec-
tion affected to improve coalbed methane recovery and CO, sealed
storage[J]. Coal Science and Technology, 2016, 44(6): 205-210.

[6] faf=fRk, MHRIHE, RKH]. HEIZ CO, &AL st i 5 R H[)].
HERELERR, 2020, 50(1): 212-219.
HE Xueqiu, TIAN Xianghui, SONG Dazhao. Progtress and expecta-
tion of CO, sequestration safety in coal seams[J]. Coal Science and
Technology, 2020, 50(1): 212-219.

(7] SRAET . HIE A CO, TEATRI BRI h 4% AL SRS IR AIE
BF5E[D]. R KIFHE T K2, 2019.
ZHANG Beining. Investigation of supercritical CO, flow behaviour
and mechanical deformation in different rank coals[D]. Taiyuan:
Taiyuan University of Technology, 2019.

[8] kAR, BERURIG S CO, TEA R B A BN A2 B 12 M B AL
AEBFFED]. FRIM: H T A, 2016.
ZHANG Junchao. Study on the volume strain and mechanical prop-
erty variation with simulation of supercritical CO, injection into the
high rank coal[D]. Xuzhou: China University of Mining and Techno-
logy, 2016.

[91 A3z, Amis. MG SE CO, RPUEMRSI 2 REtE 4 AR B FET]. Bl
W 59 %, 2021, 41(2): 94-99.



5113

TR/ NGR A BRI CO, MR R HEE

Fr R T 5 SR B A A

4063

[10]

(1]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

HE Liguo, YANG Dong. Study on the effect of supercritical CO, on
the coal mechanical propertyes[J]. Mining R&D, 2021, 41(2): 94-99.
s, vei ok, IR, N [l5 BE U2 A AR 10 00 2 o7 5 R A
D ALRUERT]. 0 125 5 TR R, 2020, 39(S2): 3297-3305.
YANG Lei, GAO Fuqgiang, WANG Xiaoqin. Mechanical response
and energy partition evolution of coal-rock combinations with dif-
ferent strength ratios[J]. Chinese Journal of Rock Mechanics and
Engineering, 2020, 39(S2): 3297-3305.
A, ARKGE, SREREE, 55 I CO, 1R NI FLERES F 72 fk
ARG AT TE[I]. ] B T2 (A ARBHERR), 2018, 37(5):
33-39.
LI Bo, REN Yongjie, ZHANG Lulu, et al. Experimental study on
variation of coal porosity structures under supercritical carbon diox-
ide action[J]. Journal of Henan Polytechnic University(Natural Sci-
ence), 2018, 37(5): 33-39.
F#, REE. @GS CO, AT ALY I
[0]. BBl A, 2019, 47(2): 65-70.
WANG Lei, LIANG Weiguo. Experimental study on crack propaga-

AT

tion of coal-rock mass under supercritical CO, fracturing[J]. Coal
Science and Technology, 2019, 47(2): 65-70.

INATH, ek, SE AR ASIR R ) 22 440 R R I  CO, SR
HR B UL 28T R R FE (9], LIy 222441, 2019,
36(2): 466472, 516.

SUN Keming, WANG Jinyu, XIN Liwei. Research on the law of
secondary cracks propagation in coal and rock caused by gas
wedging during supercritical CO, explosion under different stress
differences[J]. Chinese Journal of Applied Mechanics, 2019, 36(2):
466472, 516.

R W, H IR, TR, 55 R BEXT 2 ) 2
Fl PR (], B4R, 2020, 45(S2): 649-659.

FAN Yufeng, XIAO Xiaochun, XU Jun, et al. Mechanical proper-

Je it

ties of coal rock combinations and evaluation of impact tendency
considering effects of the height portion of coal[J]. Journal of China
Coal Society, 2020, 45(S2): 649—659.

M A, BEERIE, S, A5, A BRI R R R FERCRFIE B
HAERIPH[I]. & 1712, 2019, 40(11): 42034212

XIAO Xiaochun, FAN Yufeng, WU Di, et al. Energy dissipation
feature and rock burst risk assessment in coal-rock combinations[J].
Rock and Soil Mechanics, 2019, 40(11): 4203-4212.

152, ZEALR, M. N AL 2 & R R R 7R A e
mﬂmu IR BTSSR (A ARBIEERR), 2021, 40(5): 30-37.
LI Huigui, LT Huamin, GAO Baobin. Study on acoustic emission
characteristics in the process of fracture of coal-rock combination
body with different thickness of coal[J]. Journal of Henan Polytech-
nic University(Natural Science), 2021, 40(5): 30-37.

KEHEY, B, FE L ANRREA LA TR ) v 22 5 Kb i) 1
YN, R LKA, 2018, 47(1): 81-87.

ZUOQ lJianping, CHEN Yan, CUI Fan. Investigation on mechanical
properties and rock burst tendency of different coal-rock combined
bodies[J]. Journal of China University of Mining & Technology,
2018, 47(1): 81-87.

BSOR,, PRI, R R, AF R el T S R R R LR
HIFM BTN A0 %S T’T‘f%?ﬁ, 2021, 40(9):

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

1839-1856.

JU Wenjun, LU Zhiguo, GAO Fugiang, et al. Research progress and
comprehensive quantitative evaluation index of coal rock bursting
liability[J]. Chinese Journal of Rock Mechanics and Engineering,
2021, 40(9): 1839-1856.

Bk, XUSCA, ShRTo, . T =Tl 5 o s =
IR ST 0], A £ J12, 2022, 43(1): 15-27.
YANG Ke, LIU Wenjie, MA Yankun, et al. Experimental study of

EE IR L U 13

impact failure characteristics of coal-rock combination bodies under
true triaxial loading and single face unloading[J]. Rock and Soil
Mechanics, 2022, 43(1)~ 15-27.

Fegdr, Wi, ARUE. TRAGES A IR T S AR R AR
FLREREN]. *?ﬁﬁ”ﬁé}& (EARBIEAR), 2021, 52(8): 2510-2521.
ZUO Jianping, CHEN Yan, SONG Honggqiang. Study progress of
failure behaviors and nonlinear model of deep coal-rock combined
body[J]. Journal of Central South University(Science and Techno-
logy), 2021, 52(8): 2510-2521.

MA Qing, TAN Yunliang, LIU Xuesheng, et al. Experimental and
numerical simulation of loading rate effects on failure and strain en-
ergy characteristics of coal-rock composite samples[J]. Journal of
Central South University, 2021, 28(10): 3207-3222.

A, BRI, B, AR R RN A R = R R
PR SO HEFE ] 758594, 2021, 41(10): 67-72.
GAO Xiang, LIANG Weiguo, WU Pengfei, et al. Research on the
effect of interfacial water pressure on triaxial mechanical properties
of coal-rock combination with different inclination angles[J]. Min-
ing R&D, 2021, 41(10): 67-72.

A, JA R AL, AR e 2 P i i 1) 1
FHLL]. BB, 2016, 37(5): 90-93.

FU Bin, ZHOU Zonghong, WANG Youxin. Rock burst tendency of
coal-rock combined bodies based on RFPA2D[J]. Coal Mine
Mchinery, 2016, 37(5): 90-93.

SRAE, JRHE, TR, . B2 A R 1 2 R 0], S
44,2016, 47(2): 33-35.

GUO Weiyao, ZHOU Heng, XU Ninghui, et al. Simulation study of

‘i) REPA2D 3018

mechanical properties of coal rock combination[J]. Safety in Coal
Mines, 2016, 47(2): 33-35.

M-, 5K EE, SAM Wong. LLPE U0 K G Al FEAL DX HR 3aE 2
AR CO, 48w 12 SR BCRIB APEA 1], o B TR,
2012, 14(2): 38-44.

YE Jianping, ZHANG Bing, SAM Wong. Test of and evaluation on
elevation of coalbed methane recovery ratio by injecting and bury-
ing CO, for 3# coal seam of north section of Shizhuang, Qingshui
Basin, Shanxi[J]. Strategic Study of CAE, 2012, 14(2): 38-44.
STEVENS S H, SPECTOR D, RIEMER P. Enhanced coalbed meth-
ane recovery using CO, injection: Worldwide resource and CO, se-
questration polential[C]//SPE International Oil and Gas Conference
and Exhibition in China. Beijing, 1998: 489-501.

XISESE, Z2/NE, UK. P IE CO, MR A I T[], A
J12% 5 TR, 2005, 24(16): 2947-2952.

LIU Yanfeng, LI Xiaochun, BAI Bing. Preliminary estimation of
CO, storage capacity of coalbeds in China[J]. Chinese Journal of
Rock Mechanics and Engineering, 2005, 24(16): 2947-2952.


https://doi.org/10.1007/s11771-021-4831-6
https://doi.org/10.1007/s11771-021-4831-6
https://doi.org/10.13347/j.cnki.mkaq.2016.02.009
https://doi.org/10.13347/j.cnki.mkaq.2016.02.009
https://doi.org/10.13347/j.cnki.mkaq.2016.02.009
https://doi.org/10.13347/j.cnki.mkaq.2016.02.009

4064

%X

% 2023 4E4F 48 %

[28]

[29]

[30]

(311

[32]

[33]

BT, B, [l 204, G S CO, Bl 1 <2 ek 55 A 5 i
ML), MR 2447, 2022, 47(7): 2557-2568.

LIANG Weiguo, HE Wei, YAN Jiwei. Weakening and fracturing
mechanism of mechanical properties of coal and rock caused by su-
percritical CO,[J]. Journal of China Coal Society, 2022, 47(7):
2557-2568.

XS, 1 R0, AR, S5 KA VR T R A s 4 AL AL
IR A0 J155 TR, 2015, 34(S1): 2690-2698.
DENG Huafeng, XIAO Zhiyong, LI Jianlin, et al. Deteriorating
change rule test research of damage sandstone strength under water-
rock interaction[J]. Chinese Journal of Rock Mechanics and Engin-
eering, 2015, 34(S1): 2690-2698.

FEDOROW V V. Regression probles with controllable variables
subject to error[J]. Biometrika, 1974, 61: 49-55.

X4 LR L S BE A A RS S () ——3ie Ty
L], HUERYI P, 1984, 27(2): 167-175.

LIU Futian. Simultaneous inversion of earthquake hypocenters and
velocity structure(I)—Theory and method[J]. Acta Geophysica Sin-
ica, 1984, 27(2): 167-175.

TR, ShIER, e, S5 AR A i AR AR ot # A R Rk S
FERLP IR, 647 T35 5 TR, 2004, 23(2): 277-283.
HU Xinliang, MA Shengli, GAO Jingchun, et al. Location of acous-
tic emission in non-integral rock using relative locating method[J].
Chinese Journal of Rock Mechanics and Engineering, 2004, 23(2):
277-283.

FANGAR, XUBEYE, 2 T0ME, 5. 175 R LA S AR B i
[]. 5 £ TRAEH, 2008, 30(10): 1472-1476.

ZHAO Xingdong, LIU Jianpo, LI Yuanhui, et al. Experimental
rock with acoustic

study on different locating algorithms

[34]

[35]

[36]

[37]

[38]

[39]

emission[J]. Chinese Journal of Geotechnical Engineering, 2008,
30(10): 1472-1476.

GEIGER L. Probability method for the determination of earthquake
epicenters from the arrival time only[J]. Bulletin of St. Louis Uni-
versity, 1912, 8(1): 60-71.

Wk, BB, YL T RFPA~(2D) 47 B W BT VIR i AT
F[I). s 1 1ILH5), 2022, 74(2): 53-60.

HU Bin, PENG Ruibo, CUI Kai. Research on the shear failure pro-
cess of stone scepage based on RFPA?[J]. Non-ferrous
Metals(Mining Part), 2022, 74(2): 53-60.

BN, T, XA, A0 J1 245 TREM]. dERt: Bhei i,
2002: 52-54.

Wk, XUSCAS, FEALIR], 55 B 2HA A S T AN 5 ik 2 R AR AE
WE[I]. BB, 2020, 45(5): 1691-1700.

YANG Ke, LIU Wenjie, DOU Litong, et al. Experimental investiga-
tion into interface effect and progressive instability of coal-rock
combined specimen[J]. Journal of China coal Society, 2020, 45(5):
1691-1700.

TR, A, BUR. SR Ve sk RFPA™ UE L],
HRBAR, 2017, 36(7): 50-51.

WANG Yunjie, NIU Haiping, DUAN Dong. RFPA” Numerical
simulation ~ of  carbonaceous mudstone under  uniaxial
compression[J]. Coal Technology, 2017, 36(7): 50-51.

RSO, AERAICHY, BRES SC, A SRR 3 X REI B R e 5 e LB )
HETIFE[I]. RIRHEREL, 2007, 18(4): 576-579, 583.

JIANG Wenping, CUI Yongjun, ZHONG Lingwen, et al. Quantum

chemical study on coal surface interacting with CH, and H,O[J].

Natural and Geoscience, 2007, 18(4): 576-579, 583.


https://doi.org/10.13722/j.cnki.jrme.2013.1752
https://doi.org/10.13722/j.cnki.jrme.2013.1752
https://doi.org/10.13722/j.cnki.jrme.2013.1752
https://doi.org/10.13722/j.cnki.jrme.2013.1752
https://doi.org/10.1093/biomet/61.1.49
https://doi.org/10.3969/j.issn.1672-1926.2007.04.019
https://doi.org/10.3969/j.issn.1672-1926.2007.04.019

	1 CO2地质封存原理及前景
	2 RCR组合体单轴压缩试验方案
	2.1 RCR组合体试件加工分组
	2.2 试验仪器
	2.3 试验步骤

	3 RCR组合体试件力学损伤特性
	3.1 抗压强度和弹性模量演化规律
	3.2 抗压强度和弹性模量劣化度
	3.3 单轴压缩应力–应变曲线演化规律

	4 RCR组合体破坏能量演化规律
	4.1 RCR组合体单轴破坏声发射特征
	4.2 RCR组合体变形破坏能量演化规律

	5 RCR组合体裂隙扩展规律及破坏失稳形态
	5.1 RCR组合体数值模拟参数校正
	5.2 RCR组合体裂隙扩展模拟及声发射演化特征分析
	5.3 RCR组合体裂隙扩展与数值模拟对比

	6 讨论与展望
	6.1 讨　论
	6.2 展　望

	7 结　　论
	参考文献

