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Fractures and Permeability Improvement Law of Liquid CO, Considering Direction Effect of Coal
Bedding
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Abstract: To study the effect of the coalbed bedding orientation on the fracturing effect during the cyclical infusion of liquid CO,,

the non —metallic ultrasonic detector and low —field NMR spectrometer were used to study the degree of damage and pore

development of different liquid CO, injection. The results show that coal seam bedding has a certain degree of influence on the

freeze—thaw damage mode and internal pore development of coal. The bedding orientation firstly affects the crack initiation position

of the coal body, and then affects its failure mode and pore expansion, extension, and connectivity. With the increase of cycle

numbers of injecting liquid CO,, the cracks caused by frost heave expansion and contraction of the coal surface gradually increase.

The original pores in the coal increase and produce new ones, and different bedding azimuth effect is different.
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REBZ K/ B EEZ, 2R
FAR R 2 BRSO A RAR KX, AT
PR E M LTRSS A2 3
TPEHNE . WS CO, R AR SR UL AR R 1Y & ik
e () —Fp o B TC K RS A bfakkwéTm
EUR, M ST CO, BB TN D T
SARHERL, X ERER AT 2 B R mmom
SR 1 F 5T R R BB B 206 RS CO, TR H;
AR, IEWATERE AR CO, 1] R S A, $25

BEEWB: ERAREEE LRI H (51774278) s 11784 HIAF
SEILA R AL A B H (BK20170001)

LBE S BER, SR EE o R I IS
CO, A R BUBAR B UG 3 . TR Ae s
FRNZ B, L BEAELGA  HAT W R AR A
AR AP, T2 BRI B B 2 — 0 T — 4
JZEREE R R B s R B R o L B
T12E M BRI R A2 S AR A T AR 7
[ (4 2 BRI A EAT 1 —Se ) S PR R 95T, 1H
JE FIT T 58 A URE 2256 T SRR B 642 BT 1o o ) B
1P E BRI , it TR A Ak BEUS AR =
BT ) NSRS Tl AS [ R BT ) R
EAWS CO, 1SR, WFFEI Ak S 2 By i) 8500
-5 -



%505 %84
2019 ¥ 8 A

Wt 4

Safety in Coal Mines

Vol.50 No.8
Aug. 2019

XA — S PR ST A 52 o SRR R A R P
Tt B AR 23 AT 2 B A B2 B 2 A
HEFT TR E AMZS CO, IR, DL L7 452
EAWAS CO, By, PRI IEA RIS R H NM-4B
A P A A (S A T A P N B T A I L R
NMR A% 0 AR A AT A FLBRL 0 A3 1y I 1
T 53 BT A D R T £k i 1) 7 A R SR R R TR
& COMBEPMEN G WL AZ ML, TALRAEA R
JZ BT E AR CO MERE R BOERIE B RCR

1 RXIEHER

1.1 XBEE

TR IR SR FHBR VU 1E 25 0 AR, PR 2255 1
JRRE 7 ) SR B sg i, MTR]— R AR B
e R B AT By ) 0 RS A TR LI
L, Hi A 50 mmx25 mm FRUESERE 8 4>, 70k 4 4
AT FIEHEIT L, 4 AT B TR ARYE)EEE T
DA R 53 SRR SEATAR I, A A TR B TR 37
], B R AT T2 B )
1.2 XIS

1) B 7RG A3 AT A R 7 D R b o R
Fig o5 w1 A 7R NM—4A 3E 4 J& 88 75 K 43 A 43, )
75 3 R 0 B AR G R R A T e R, R
DR P B R L A R R R AR SR

2) NMR (R # 4 o A4 o SR 25 N 401308 i -
H A B w24 77 () MesoMR23-060H #% % 4% i 1%
IIMTA o AT TG A 0.51 T, BEARIR IR 25~
35 °C, WEARKIAIE N 12.0x10°, H i TALIRBR K
21.7 MHz, 345 Jik o 4 %68 1.0~49.9 MHz, i 4 )
300 W, I EA AR 1,

[kt e | Peam | ]
@@/
&
@%gf‘H——ﬁEMWiL "B ]

Bl {REAREE

2 REERNESW

2.1 KPR

TEI T B AURIER) A4 5 B4 BEREEAT4E
oo R B R AP A7 2 BT 1) A R
W7 B AFRRE N RECLE , 0 HATE
RO JC ] 2 2R, e m AR I B T 3 AR
6 -

IR 2L, BRSO KR, T )
IRFEZL BT S H O 1 P . AR R AR S
JR G 2 BRI Y 77 0] — 30, R E AR CO,
R L SRy < =32 KT TRA s S E WA i S T A
2.2 B YOk MK

MR AR S AR T, SR ) A B
FULRE Y SOOI O 23 R A8k, BIFFE 3 W38 8 XF
FIRIFR A A RRES L i KN F2 2222 A N
FLBR R 155 100 118 5 i) 100 7 30t 0 3 gl o ot 7 2
TR A B0 N BB LB & B R B A T A T
o AN BRI FLB A B R ™, 7R
R P R T A

3 3 DA SR LR AR P T T R S 1) A
FESEH 058 R 1.867 km/s, 47T 2 HL 5 ] A S AR
BI Ry 2.041 km/s, 3 52 B[] (1) 5F- 2 9 A
FAATZE T ) AP, X RO AR 2 B A A
TE 23 BELAS R 75 e SR P (R AL 4R R[] 2 By )
G0k 0k i 7 O P R B R R R S AR AN 1] 2.

- A4HRE O VRRIE R
T2 o pasge =25 m R
. 20 2.0
219 g1 4
18 5?3
17 = 1.0
216 Zos)
F1% 5 10 15 20 Z O5Ix2A3A4B1B253 bd
TEA AL PEREGE
(a) A4S BANEEE I i (b)) BB
SHENSA GBS COYERSE AR

B2 AEEET EMNREENERBERRR FREE
TE

Kl 2(a) & A4 5 B4 AR 5 IRTE A E AR
PPN IBE 8 5 0 R AN TN R T L . B TG
IR CO, YERIE TN, 87 I i 1 2 T B
P, e EHT)EEIT B ERE A4 7E 5 IR (10 IR 15
R .20 1 I A G 5 R0 — U0 A EE R R 2 0l by
8.42%.7.10% .3.41% .4.80%, TiV-17 T 2B )5 01y
JERE B4 IR 20 598 3.13% .7.22% . 2.48% .5.66% ,
TE )2 PR P T BRI AR B e K, SRS 38 T U
A 2 JE N AT 2 R Rk 2 B S
JE IR RS TR R AN [F] F B R ) 4R PR
KE FEAESIR)Z P Al -, T E R
GRIN B B K T AT 2R . A 2 (a)
ATLVE H, BERE B R 2 R RS, iR AE
AW CO, iy, BEFENERRFLBRTEZ L K
B, X E B TR E AR AR K R 4 1



%505 %84
2019 ¥ 8 A

Wt 4

Safety in Coal Mines

Vol.50 No.8
Aug. 2019

TR FLIR AT DAL I 52 BEL e s ALK

M & 2(b) AT, 285 20 IRAGFRE A CO,
Je, VAT TR B ) AR T2 EL R I
WV AL, T TR B 10 A AT T2 B 1)
() BERE 1T Y IR 26.03% . 18.28% . T T /251
7 ] A Py e 7 00 e S A A i B R AT TR B
] (R IR | 3K 5 B 7R B A N U2 AR o 3K 2 e 106
EAWE CO, PAERRIKRAEVE R, APV
FER) R 2 L F , 1 B2y 2 S
FEFE AL T TR, B AR SR
W ARG SR FEANTR], DT BEL SRR 7 I A W 2 e
TIZBETT 10 L4, o 2 L2 BB 1 I8 3ol o i A
TATIZBRIEAE
23 SLrMETR

FLBGBE ST A A o BT A A AE I LB 2 ] 5
ZIERERRR EU A, FROMIZIERER LR, HE
BRIR o BB LR EE R, FR WAL rhfL I
KB SETEEFERITREAR L, TR R TR
B 4 — LK o S ARG, SRR R LR AE N
FLBR B EE A TK . —EALBRE @ THE I3,
_ Vo MM, (1)

Vv Vv

P Vv, a3 R R AR S T A K AR R
My R AR 6 5 ML R TR AR 1 T

PEIRE AW CO, 1 I0 AT J KEAE AL B R AR 6 D
1o ATLLAE 2 AR i LB RE A0 A WD Y 3
K, BRI AR CO, X 2 i AR i FLBR 2 L
A BMER . 215, 50 a0 B2 7 1 -1y
LB N 8.47%, R 5% J5 V3L 11.28% , 1
R 33.17% 5 3 5 | V- 47 )2 307 ) oF 3 fL B2
9.67%, X505 F-YIFLBREE T i 2 13.86%, 341K
43.33% . VA7 )2 FRIGEARE B L PR R 3G R P K Al 1
JZBRERE R AR CO, TR, AT R B
A7 A IR AR B2y (] (R SR T 25 5 B

&1 ABARERFLREEL

S FLBRE AL/ %
BifS Al A2 A3 A4 Bl B2 B3 B4

Tl 947 742 822 857 921 875 1056 10.19
J&  11.69 1075 1224 1046 14.74 1444 12775 13.50

2.4 NMR X4 R 547

AR A I 3 A 1) st 5 B 1) 7 0 A 5 AL B
JOTAHE, T HBR, ARERMSLBER K, 7 ()N,
PRI FLB N . T AR5 22 WA 1) 5th 74 A5 1)

T, 55 J5EHE AR AL B A LU 3 i BRUEAT R T A e ok
F AR

—%w% (2)

P Ty R R 1) S TR IS R] , ms 5 p Ry R (] 3 T ot
BB S LRI v R fLBRIAR

R T G M A AT B AR i BLE 10 7R .20 R
TERE AT CO, FRRMESE o ARG E A RS
CO, B JG Ty i FEAE AN AL 3,

K 3 ATRLAE IR A4 5 B4 TEIfIK %
PR T, S B 3 Wbk, i L 3 AN 1A
XIS, 3R B D i BREARE v L R =2 ) ) 37 P B 2
230 10 RPEAR G, e PAT T2 307 1] (1) B
A4, I E T 2 EET 1) A ERE B4, T, 335 K] v i 0
FEMIK 250 N YA AN FRREE (3G R, Hob A4 1956
1. 2F 2 WA IR LU 3 5, B4 78 10 IRTE A 2 )5 26
2 05 3 WERLG R L A, RUITEIE I E AR
CO, 2 2, AR UL R Rl A (A P 30 7 26 BT LB
JEFL B e KLt ) i 30 AR 5 R RS LB . 7
BUDAMET 50 1 WERRAR, 565 2 e L AE RS, SRR
K Eab, A KSR, B k2510
PR A i AR B AT O, i /K B PR BRSO, LB A i 3
TR BT,

A 3(e) (B 3(d) AT, Bl IR PR B B
WK T T, & m AR sl, 552, 55 3 MY
WAL 10 URAG P 001G I 14 K, AR AR A I i, i g0
(R P A R 8 K, SRR ) e kel /b . R WG
AW CO, WHGH Z | B % B BT, FL P i 72
JE G, B A AT

A LAE B 8 PR OB R 3G T, T, 335 P51 T AR
K, FBIEAE 1 AL B AR it o A0 PR B 3 K T 3
. TE )2 HEBRELENE IR A S CO, S5 /NS
FLBR AL I K RST LB AT )2 B IR 20 AT
A CO, W1 = BAR il /NFLBR % A6 R RSE FLBR , Bifi
IR ARG N2 77 A FLBR
2.5 LR H oM

5% 2 W1, T, i 3l % 76 0.1~10 000 ms 13
Bl N A FLAR 0 AR A0 < /N T 10 ms B9 T (B Tk
fL; M 10~100 ms B To fE XTI T4l , WK T 100
ms [ T, 35 BRI F R FLE i e 409, 51 3 19 T,
T L% BT N B LA EAT A0 b, AT AR B NEL A
FLRAL B 2 s 1y e 1 AR T 5 b R R A 1 A
& COo, WAL B IHE = IR 2. =S4
U B S VAR ATRAS CO, Ja AR ERFLIR I & &

o ] .



e tn® Ai b4
Safety in Coal Mines e
ChiAe 5 gl BT
a0 WEL g T PARIHIAL ool M ik
_ —e BT K e THERLOTC L
350 TRIR 10 0 2501 — PEFR10WAK
» 300+ —— JRERL0K ALK ! —_—
50| KLk e S
42200+ LB iz 150 ~ -
50l |
= 1307 i 100!
100} =
50 - c ‘ 30} \
0 SR, 0 . " %__ |
102107 100 100 100 108 10¢ 102 100 100 100 100 106 10
S ] 7, /ms ] T /ms
(a) A4RERE1OUAGER (b)) BEEFE 10U 3R
i Al e I o e R
e = ik ssol— 2L A, T BRI
350+ Al e R0V L 3 _ BRTHRAK
[ b @223’%? 300/ | —— THER20U B L
300 - F —— fAFR201K i 300¢ AT e EFR20%
. 250[ ' oy 2500 N mﬂ;ﬂ)wﬂ?}(
mso Y KR 20 LY xmx
A I A - TS AL SRR - 3
5 150 f 1t 55 1507 R O -
= t i # L] H
& 100+ AEL £ 100! PRLY
50! /\”‘ 50¢ A
ol ‘ﬂ f”',' ol AW —
102 100 100 10' 100 10° 10* 102 107" 100 10" 100 100 10¢
ath 7} ] Tz,"ms 5‘&}%’{!]-“5] T,/ms
(e ) AMERR2000R S (d) BEF200A7/ R
B3 AEERENRKLE CO,BIE T, EHFE
FEEE 22 5%
-~ 3% ®

R 2 ARBEHRENRES CO,MIEERRITESE
(2D AL AL KA

B STHAR

/8 LR HA BRI
0 528799  481.70 37.90 5 807.59
A4 10 5552.68  601.20 71.90 6 225.78
20 5899.09  652.38 83.80 6 635.27
0 574721 92241 93.91 6 763.53
B4 10 6 13434 920.75 19547 7 250.56
20 6 603.06 1057.66 246.57  7907.29

MR 2 ATUIE LR B AR PR AR
A CO, JETHAL A FL RFL K 24553 7 4 1 11.56% .
35.43% .121.08% ; “V-17 J2 3 RE AL 08 20 1 A WA
CO, JE AL A FL L B 448 43 38 T 14.89%
14.66% .162.56% , J AL 3 W& 34 2 fe K, R WIE A 13
AW CO, A FIFALBRE R . AR JZ BT 1 2408 &
&, FEABREFTIILNA AR : 17 2B
P RFLS /INFLIG I R F e 2 BRIERE . RITPAT2
FHT7 )RR LU T B2 B T2 5 7 AR LB
HALBR Z (B 5145 5 & i ok 5338 B R ALl T et

- 8 -

D) FEEARTS CO, s fE 2By 7 5 Ik %
2487 IR G, ~FAT 237 1] AR TE o
1A PATRY 2480, T 12 B ) AR O D™ AR T 36
[MEAT @S

2) TEE IR E AT CO, J5 , Toie 2 3 17 )2 Flik
ST 2 BT ] AR R U B A AN R AR AR
R, S I )2 B 75 D U8 Y R R TR
A7 2305 1) B 75 R o, R TR AR D, TR
AlE N BT 2 B LB R & -

3) o A AR T, 3% B A B 1R A ARS
CO,, 15 RIS HH 3 Sl 384 W, AT )23 B ) A L i
L2 B AR TE 7= AR FL IR B A o R AL B B
RS . ULEHATE By ) A )2 B [ A
FEE AW CO, i A8 T B A R F LR AR B 5 5

4) 3 35 XL BB (4 2 By, T B2 B 0 AR
SERBEIR/NTOPATIZ B, FRIZ B A0
A CO, A —E R,

SE Wk

[1] XulJizhao, Zhai Cheng, Liu Shimin,et al.Investigation of



%50 % %8 N a7 8 A Vol.50 No.8
2019 48 A J'i g ﬁ’ % Aug. 2019

Safety in Coal Mines

[4]

[7]

temperature effects from LCO, with different cycle pa—
rameters on the coal pore variation based on infrared
thermal imagery and low—field nuclear magnetic reso—
nancel J |. Fuel, 2018, 215: 528-540.

Xu Jizhao, Zhai Cheng, Liu Shimin,et al. Pore variation
of three different metamorphic coals by multiple freez—
ing—thawing cycles of liquid CO, injection for coalbed
methane recovery| J |. Fuel, 2017, 208: 41-51.

Xu Jizhao, Zhai Cheng, Liu Shimin, et al. Feasibility
investigation of cryogenic effect from liquid carbon
dioxide multi cycle fracturing technology in coalbed
methane recovery[,]]. Fuel, 2017, 206: 371-38.

IR, BB E, TR, FRRERS CO, RN E
i KRBT AR AR I [ ) ] R R 24 i, 2016, 41
(11) :2793-2799.

W KA R i B 728 I K O R i 1) B il 1 F 5
[D |95 58 INARBHL R, 2006 175.

SKEAMG sk, SRR, A5 S 32 A 7R R ST RHE
(2 BRIV AR ST T[T ] A1 D128 5 TR 41, 2015,
34(4) :770-778.

X WERE , B0, 0 £, A 25 R B 1) B 1 e )
B P B 2O M I [T )5 A 12 5 TR AR, 2015,

34(10) :2098-2105.
(8] b4, 4K 4 A T2 T AR R X PR e S o — A WA 35 i)
BT o [ ) ] 42 4> ,2016,47(8) :9-11.
(9] fuf[EIZ, ok, 5 NI AE FR AR Ah A 18 A A W B 1
ISR ST [T ] A 1775 ,2004(S2) :52-56.
RGeS, Tk , G , S R R T 7 I R T 11
RIGAFTE [T ] B4, 2015, 40(4) :793-800.
SR, 2R A P A A T I B R
Kete 24 g F A3 A LD ] rb B A I K22 2 4 (A 8K
BHERR) ,2016,40(1) : 79-85.
TR, P ARG PR B FL B 25 g Y Ak R A 3
FoE[ ) LR H AR, 2017,45(6) :24-29.
Cai Yidong, Liu Dameng, Pan Zhejun,et al. Petrophys—

[10]

[11]

[12]

[13]
ical characterization of Chinese coal cores with heat
treatment by nuclear magnetic resonance [ ] ]. Fuel,

2013, 108: 292-302.

EERN 2 & 1978—), B, LW ABRMA, 232,
+,2008 L TFFEAF LK, Ry RMEEAR TR
BER P S @ AT, E RN FRT RATS R 5 @t

Ol A5 B #9:2018-07-20; 7T AE % £48/3))

S0 W0 S S GGG GGG GGG G GG S GG S S G G T S S S

(L3255 4 1)

[10]

[11]

[12]

[13]

W, X KA, 4225 4%, % 35T NMR 1 X-CT 1Y
PR FLALBORE AN BB AR [T ] ERR A i ERRL
2010,40(11) : 1598-1607.

S, ARl R AR, A5 A% R L IR S50 AR R AR
FLAR AT R B [T ] AR AR 2 B 2% 412, 2014, 11
(4):1-17.

UG , 2278 30, ot 45 S TR A R LR 1 T
TGN R D 2 SO 28 48 45 A i e BB [ ).
+41%%,2019,40(2) : 653-659.
RTINS AR, A5 T AR LR 1 TS A
K AL B G5 A RRAEAIF 5 [0 ], T % L BR 24 41, 2018, 26

(3) :758-766.

X E i, 2, g8 0, A JE T ARG LR BOR i K
+ =AY U RORALBR R R AT [T )5 A 1S TR
2#4#2,2018,37(8) :1924-1932.

ZEV U TCHRIEE FC 3T W BRE AR (4 11K 3 A g SR IR AIF 5T
[D | A1E R BE T K24, 2017,

[14]

[15]

fEEB N A (1982—) , B,k Mt fa A, &l 4%,
W4 ,2013 FELTHRAFALER, TE2AFFLE
N5 g BEIERGR,

Ol AS B #9:2019-07-05; T A= 8. 243 /%)




