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Experimental study of CO, replacement for CH, at different gas injection pressures
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Abstract: Most of the existing studies on CO, replacement for CH, are focused on microscopic gas
injection replacement mechanism and macroscopic replacement efficiency influencing factors, and most of
the studies are theoretical analysis at the model level or multiple factor analysis at the simulation test level.
There are few physical simulation experiments and quantitative analysis. In order to solve the above
problems, by using CO, replacement for CH, experiment system, this paper studies the seepage diffusion
evolution law and time-varying characteristics of CO, replacement for CH, in coal during the replacement
process at different injection pressures. This paper analyzes the change law of CO, and CH, concentrations
at the gas outlet, the accumulated CH, replacement volume and the replacement ratio during the whole
process. Physical simulation experiments are used to investigate the influence of gas injection pressure on

the replacement efficiency and make the quantitative analysis. The experiments results show that: O The
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CO, and CH, gas concentration change trends at different injection pressures are basically the same, which
can be divided into three stages, including the original equilibrium stage, the dynamic equilibrium stage
and the new equilibrium stage. As the gas injection pressure increases, the time of CO, and CH, gas
breaking the original equilibrium stage is gradually shortened, the time of the dynamic equilibrium stage
increases, and the time of the new equilibrium stage is about the same. @ At different injection pressures,
the accumulated CH, replacement volume increases with the increase of gas injection time, and the increase
rate is fast at first and then slow, and becoming a fixed value at last. The gas injection pressure increases
from 0.6 MPa to 1.4 MPa, the accumulated CH, replacement volume increases, the replacement ratio
decreases from 4.99 to 4.10, and the replacement efficiency increases. When the gas injection pressure is
1.4 MPa, the replacement ratio is the smallest and the replacement efficiency is the best. This conclusion

can provide a reference for the theoretical study of CO,-ECBM related technologies and the selection of

related process parameters for technical implementation in low permeability coal seams.

Key words:low permeability coal seam; gas injection pressure; diffusion evolution law; time-varying

characteristics; accumulated CH, replacement volume; replacement ratio
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Table 1 Industry analysis results of coal sample
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Fig. 3 Principle of coal seam gas component replacement
1.4 XBF%

T 50 3 o P AR R ) A AR
X CO, SRR Bkt CH, B, il
B ES RS P oy ulich 0.6,0.8,1.0,1. 2,
1.4 MPa. R EGIRJER N 5 C,

A YA iy, FH R AR AR Gk AR B B6 D Al 1
JEREXT CO, . CH, 11 55 18 W BiE 3 56 o v 3k 56 7R
WA TR AR SEBR A DL CO, A 1 523 91 % &
5,10,15,20,25,30 °C, it XF Hb 43 #7 & BL , I 4R %
CH, .CO, S & ny W By ith 4 5 Langmuir .53+ )2
W B A5E 8Y — 3, LR B8R L B CO, \CH, 19 & &
M, O B R T R AR IR CO, IR B 4
T CH, 3 72 0y 52 e 350 5 58 PR 5 1 B 28 B 49 1%
B R AR, 5°C CER R M CO, . CH, B &

D .

1.5 RXBBF %

(1) FOAREE il 25 T b B g 3k 06 B T AL 2 i
KOG BT W B R A EE Y T el s A3
10 MPa & J1  J il BB . Ry Bl 1k 4 44 K 43 %
W o6 ik WO 7= A S ) o R RE B B S TR DL
45 CF T3 72 h,

(2) KERGEEN. MASPEAAS K
6 MPa JE Jy TR+ 2 h 3F W8I ) 6 10 28 6 15 00
R ) R B A B BTG I AR AR R I R S
KT AT oK,

(3) g, O M EEER RS ek
SRR . @ XFERE A E AN A B AT B A B R )
FHUERE H AR 6 h G I, © [a) W B
Wi A 4 CH,, 2R 0 CH, & B 4 0k 3
100 %6 1 o DA Ay W2 B S-S PR RS T T . @ ) A
TENEA R 4L CO,, IR B I 4R, M < 1 CO,
TRBLAYB0IR 1) 100 Y0 1t o A Ay 3 A9 Wi R SF- A 1 B, 56
H CO, #IIT. @ HFERLH, LW CO, I
FTJE X RGE AT B s Ab B L & L B A IR 52 ik
AR LR RTN o

2 WS

REIRGE O 5 CE, & TR T T S W R A
CH, .CO, R  BR (L 4 Froxs .

40 | -a- CH,(0.8 MPa)

| -a-CO,(0.8 MPa)

100 o

90 !

1

80 ;

70 ;
xX 1
& 60 : SR B
R
= 50 | = CH,(0.6 MPa)
§ 1 =0~ CO,(0.6 MPa)
r

30 1 - CH4(1.0 MPa)
| =0~ CO,(1.0 MPa)
20 | -o- CH,(1.2 MPa)
1 -0- CO,(1.2 MPa)
10 - ! -~ CH,(1.4 MPa)

| <0~ CO,(1.4 MPa)

O
0 10 20 30 40 50 60 70 80 90 100 110 120
i} ] /min

Bl 4 REEST CH, i CO, SRR 5078 1k ih 28
Fig. 4 Change curves of CH,and CO, gas volume

fraction at different pressures

B4 LA AR TR CH, . CO, Sk
B BB A I A AT R NEEA W REE L /T 5k
3SAMB(LLIESJE S R 1.0 MPa B . 45 1 BrB
R A5 B B - CO, SARIRFR S350k 0. CH, K ik
TR H0R 100 Y0 o ) 4 A0 BFF CHL A9 B4 Hp e A
CO,,CO, TER BT &% Wi — 9 HL— W B
(132 8% T A E 2 LU B0 2 08 T i D 1R O IR AR T
—E WAL, pEAE CO, IR M. 5 1 M B (sh &
SR BE AR LR TE R CO, AR MR — EH B



. 76 o 5 B

% 47 %

TP HCEN I R LB . CO, R, CO, He I 4R
B, CH, fe B2 FF 4wl /I o 30 I K7 1 3 28
AR FR . X ORI CO, AR GRS B
R 2 BEE P o Al CHL B8 2 B AL, 8 48t 2 B0 26 R0 L
BN I CH, (i L5 A8 S i B A CHL WY, 78
W BEAE T - CHY IR AL B L 1A R B2 0
PR AR R, R AN R R . 5B
B GO A B BO - FR 2213 L CO, MR AR TR 43 H 3
Iz 100 %, CH, SR B B0 /N 2 0., 87 11 -
R, CH, AP &AM,

AFEJESTF CH, Fil CO, SARRF A3 Hoxk L fn
K5 s, 454 B 4 5K 5wl AL ESE
0.6 MPa J}- % 1.4 MPa i}, CO, (% 51 I 7] 3% W 4
s BT M R4 - 4 B B 1 B R 46 L 0 ok 38
29,20,9,5 min, F AR H SR TR L CO, 1
STl Bof 8] 4 6, BEAR 9 CO, L CH, A4 il B8 Pt DA
JE ey - A By B 3 A B 257 B B

1004
—=— (.6 MPa
90 —4— (.8 MPa
sl —— 1.0 MPa
—o— 1.2 MPa
< 70 —e— 1.4 MPa
S
i 60
& ol
&
40 -
=
o 30r
20
10
) AN,
0 10 20 30 40 50 60 70 80 90 100 110 120
5[] /min
(a) CHy SRR FR I B fh i 4k
100 -
90
80 |
—&— (.6 MPa
X 701 —4— (0.8 MPa
g —— 1.0 MPa
& 60 - —e— 1.2 MPa
=4 —o— 1.4 MPa
& 50
&
r 40
8 30
20
10
4

0 10 20 30 40 50 60 70 80 90 100 110 120
it 8] /min

(b) CO, SRR B fhih 28
B 5 AFEEHTF CH, Al CO, SAMMEF T 1L
Fig.5 Comparison of CH,and CO, gas volume
fraction at different pressures
TEAAS CO, RIS H T RS ER
"] Darcy % #1157 .

2Qp .l
; :ﬁ (D

Kk HERB B R, cm’ s Q N E T AKM T &,
em’/s; p, HINE R G TR S, MPa;s p K
MR R R, Pass; L IR FH K, cm;
A KRR B A, em® 5 p0 MR RSEAOR
J& 71, MPa,

A0 (D AT A, 3 5 A P 2 v S )
BF L AR B B 22 T S BUE IR B B
IR FEM R T CO, .CH, MR Z B 5 3
RO L L, AR T CO, B 28 1 B[R]
AR5

BESIE AT R CH, ) #1481k
K6 fin, g, B3 CH, 3RE & Ve, 13T
BAKIF

VCH,‘ - Jq@,dt (2)

Krp:Ven, MAEER E N R CH, 3K & . mL;q K
A O AW E . mL/min; o K ¢ B 2RO
CH, KR8, % 5¢ JEHE]  min,

—=—(.6 MPa
3+ —4—(.8 MPa
—4—1.0 MPa

RHCH, & E/10°mL
H

—e—1.2 MPa
—e— 1.4 MPa

1 1 1 1 1 1 1 1 1 1 1 J
0 10 20 30 40 50 60 70 80 90 100 110 120
B 18] /min

K6 ARENT Rt CH, W&

Fig. 6 Accumulated CH, replacement volume at

different pressures

& 6 7]

(1) Bl & VB ARS8, 231 CH, K8 & 1
T s LY ok R B A R3O0 a0y . ik B R A
AR AR CH, iR 3 A CO, A, CO, 2
P HOS T BB AL BT PN 2R T R AR L B PN 3R T Y
WA CH., il W 48 ok I ZE 1SR L B &
A TR B 3G i, Bt CHL, SRR 448 Jin e S e,
R A, CO, 50 3K R B J00RE 25 B L 0 1 24 it v 119
A CHL L B Y s LB N R, 5
Horp g i 2 CH, 324 W A7, e 26 CO, B4 i W
A CHy o A L T 3K B R 2 B 24 It I 245 0 25 2
CH, B ¥R A CH, RS e, T HL
FREE ) S T LA, Bl A AR B] A #E RS, CHL = Rl
WU N, Bt CH, 3R B 6 18 9 3 B 3 i



2021 F 5% 4

HKFELE . RAREAEHNTF CO, BHEH#% CH, KB

o T o

BEAIG .

(2) Bit CH, WERBE CO, FESIE I 1K
MR, EERERE K CO, FEAJE J#lAk, JE Iy B B
MK, CO, AT MNBARZS B R — BB T
)R AL B v A RE A L PN R T R S
CH,., #mEASKNHES EKD KO ES
ZABEZ K, WA CH, B9 %053 K B, T 4R
RS IS, REERE, SRIEE
Z ) CH, f# WAk i s, Bit CH, K& & H
AR D1

JFR PR o FEh CO, 5 CH, ZE /&,
IR B4 b KR I B AR R CO, W B
5 CH, HEH A He (e . R B e b i3 B AR

Q
K== 3
Q 3

A K IR B B4 L Q M BEAR R CO, B &,
mL;Q, AL CH, HEhi it . mL,

WA (3D A T AR IR R B 5 TR R
FEA TSRS EH L, 251K 2, ARKXRBHTC
XPREREXT CO, 1 45 I W B i Ar i 17103, CO, 1
B Q IS AZCH Q =abP/(1+b6P) Xm, L5
LA BRI CO, ¥4 a=62.2 m’/t, b=
1.94 MPa ' JBEFE T m h 775.5 g,

F2 WEEHL

Table 2 Replacement ratio

P/MPa a/(m® -+t ') b/MPa"! Qi /mL Q:/mL K
0.6 62.2 1. 94 2.595X10%  5.2X10% 4.99
0.8 62.2 1. 94 2.928X10*  6.8X10° 4.31
1.0 62.2 1. 94 3.178 X101 7.5X10% 4.24
1.2 62.2 1. 94 3.369X10*  8.0X10° 4.21
1.4 62.2 1. 94 3.526X10*  8.6X10° 4.10

B2 T, AR — R, AR H
0.6 MPa J} & 1. 4 MPa, 23t CH, K # & (Q,)
T BKOE e T 4. 99 PR 4. 10, B IK s B 46 P37
i CH, Fr Wkt iy CO, Hu /b, By & CO, IR
B CH, &30, 3K 8 & e or 8 . htnl
W, e R S5 2T B R AR CO, R T, BT
CH, 3R & 3, 3KE R 35 5 O & e LU R AR
K B ORI T

3 #Hig

(1) CO, CH, ¥ B AR fb AT 43 oy Jt 4 ~F- 5 By Bt
Bl A7 B B RN A B B 3 B B . AN RNEARE
F1 R TR UG- L s 75 SF i AR 3 A B Be AR ARk
BREAFR . BEE HE R IR K, CO, .CH, X
PRFT 5 D s - 5 B B 1 st ) 3% 947 4 e 3 285 7 1 oy
S () 80 10~ A I BB ) B ) KB ]

(2) NRIFESESNT, Bit CH, K& &R & I+
A T F 2 T 3G 0 3G R AR e RS M A T
EAH. HESESIH 0.6 MPa F+ % 1.4 MPa B, 21t
CH, 3R 38, SR B B e L |y 4. 99 [ & 4. 10, 3K
BESCRRTE.

(3) MRPEA R FEA R F AR CO, .CH, B
PRI A R RCRE R TR LE AR RIE SRR T Rt
CH, IR B HBHES CEAUHTFT.EEENN
1.4 MPa B 3% 85 B e e fe /N IR AR e . 7R T
J& CO,—ECBM A 3¢ T4 i . 78 A1 3¢ £ AR Bt 72 18
AR AR S S50 o U KB .

2 % LK (References) :

1] sk PR U K5 325 1 )22 b IR] T SR G B 0 A

BFELT ], BERRL 4R . 2020.48(9) :66-74.
ZHANG Jianguo. Study on key technologies of
collaborative mining in deep coal seam with high gas
and low permeability [ J ]. Coal Science and
Technology,2020,48(9) :66-74.,

(2] XWR.Z2%.E£4RKTV. 5 HZERSE CO, RS

AR K B TR R AR L I () ] K 42 R, 2016,
41(11):2793-2799.
WEN Hu, LI Zhenbao, WANG Zhenping, et al.
Experiment on the liquid CO, fracturing process for
increasing permeability and the characteristics of
crack propagation in coal seam[J]. Journal of China
Coal Society,2016,41(11):2793-2799.

[ 3] LIANG Yuan. Theory and practice of integrated coal
production and gas extraction [ J ]. International
Journal of Coal Science and Technology,2015,2(1)
3-11.

L47] AL AE.TOLER.F MBHEZERS CO, MAEE

Te) S FL B B B R R i LT o 2= 4. 2018,
43(7):1938-1950.
ZHANG Dongming, BAI Xin, YIN Guangzhi, et al,
Research and application on technology of increased
permeability by liquid CO, phase change directional
jet fracturing in low-permeability coal seam [ ] ].
Journal of China Coal Society, 2018, 43 (7);
1938-1950.

(5] ®EA. G R 5 REBEEBEERIFR

AR AR & A 0 BF 5T [T, B IR ¥ iz, 2001, 26 (5)
455-458.
ZHAO Yangsheng, YANG Dong. HU Yaoqing,
et al. Study on the effective technology way for
mining methane in low permeability coal seam[]].
Journal of China Coal Society,2001,26(5) ;455-458.

[6] VERMA A K, SIRVAIYA A. Comparative analysis
of intelligent models for prediction of Langmuir
constants for CO, adsorption of Gondwana coals in

India [ J J. Geomechanics and Geophysics for Geo-



. 78 ¢ Iu B %47 %
Energy and Geo-Resources, 2016,2(2):97-109. [14]  SC/RGBEUEE, S5, 55 ARB B 2 H T IR &

7]

[8]

L9]

(10]

(11]

[12]

[13]

AR R 2R, 2/ . RSP I 4 54 CH,

5 CO, W M i W 92 5% b # [T 1. ok %4 4, 2014,

39(9):1938-1944.

MA Dongmin, LI Laixin, LI Xiaoping, et al.
adsorption-desorption

between CH, and CQO, in coal seam 4 of Dafosi Coal

Mine[ J]. Journal of China Coal Society,2014,39(9);

1938-1944.

A, 7 400 e . T AR A TR R RS — R

SR A A LA LT ). v Tk K2 2441 2004, 33 (4)

448-452.

TANG Shuheng, TANG Dazhen, YANG Qi.

Variation regularity of gas component concentration

Contrastive experiment of

in  binary-component gas adsorption-desorption
isotherm experiments[ J]. Journal of China University
of Mining & Technology,2004,33(4),.448-452.
ERELL F b AR KL % CHL L CO, AN, 24150
PRAE IR 53 v W B AR 2 R M 08 4 PR UL L R
4 .2018,43(9):2476-2483.

BAI LIN Haifei, et al

Molecular simulation of adsorption thermodynamics

LI Shugang, Yang,
of multicomponent gas in coal[ ]J]. Journal of China
Coal Society,2018,43(9) :2476-2483.

FEW NG UL S ORE IR SR ER
W AT e B 52 [T ). A & ) %+, 2010, 31 (10D
3223-3229.

FANG Zhiming, LI Xiaochun, LI Hong,

Feasibility study of gas mixture enhanced coalbed

et al.

methane recovery technology [ J]. Rock and Soil
Mechanics, 2010,31(10) :3223-3229.

P R, BT CO, SRR CH, X 56 §F 58
(). H A 1% 5 TR . 2010,29(4) : 665-673.
LIANG Weiguo, WU Di, ZHAO
Experimental study of coalbeds methane replacement
by carbon dioxide [ J]. Chinese Journal of Rock
Mechanics and Engineering,2010,29(4) :665-673.
A 0 el el L B v . T R T B IR R I v R o S5
WFELT ], M2 42 ,2018,49(12) :5-8.
MA Li, XING  Yuanyuan, WEI

Experimental study of coalbed methane replacement

Yangsheng.

Gaoming.

by injecting carbon dioxid[]J]. Safety in Coal Mines,
2018,49(12) :5-8.

BIOLRTHEZEGRNL S TR CO, W HZER
I E ], IR ¥ 42, 2017,42(8) : 2044-2050.

LI Li, LIANG Weiguo, LI

Experimental investigation on

Zhigang, et al.
coalbed
methane recovery by injecting high temperature CO,
[J7]. Journal of China Coal Society, 2017, 42 (8):
2044-2050.

enhancing

[15]

[16]

[17]

[18]

[19]

[20]

CO, fie il BU My T8 52 B [T ). 79 & B4 R 2 2= 4l
2018,38(4) :530-537.

WEN Hu, FAN Shixing, MA Li, et al. Practice of
liquid CO,
permeability coal seam[]]. Journal of Xian University
of Science and Technology,2018,38(4) :530-537.
i FBE LA AL W R T X N, (CO, .CH,
WS AR R e )], % 2 55 %M, 2015,
15(2) :64-67.

MA Li, LI Zhenbao, DENG Jun, On the

characteristic features of the adsorption capacity of

low pressure pumping gas in low

et al.

the coal for the singular component gases of CH,,
CO,. N, under regular pressures [ J]. Journal of
Safety and Environment, 2015,15(2) :64-67.
ZEE. WS CO, LR B K AH A 38 £ il 1 )2
CH, PLHI#F5E[D]. P54 . V4L R K%, 2017.

LI Zhenbao. Study on mechanism of CH, induced by
low temperature cracking and phase change flooding
of liquid CO, [D]. Xi’an: Xi’an University of Science
and Technology,2017.

ZHENG Xuezhao, WANG Xilong, GUO Jun, et al.
Experimental study on CH, displacement from coal
seam fractured by liquid CO, [ ] ].
of Heat and Technology. 2019, 37(1):

International
Journal

212-218.
B UL WA CO, W R IR AL 2L 10 17 4 1 5 B 3
K CH, HLHIWF 5[ D]. 744 . 75 2R K%, 2018,

WEI Gaoming. Research on damaged effect of coal
pore-fracture and extracted methane mechanism by
liquid CO; infiltrated[ D]. Xi‘an: Xi’an University of
Science and Technology.2018.

IhET ], S SR L AFL BIE A CO, fE TN IR B
LS LR ) — A RO TR T — 5 RS A A R
WHoEl)]. A A 1 5 TR %, 2018, 32 (3 7] 2) .
3760-3767.

SUN Keming, WU Di. SU Aiguo, et al. Coupling
experimential study of coal permeability with pore
stress-temperature under

Chinese

pressure-effective volume
supercritical carbon dioxide action [ J .
Journal of Rock Mechanics and Engineering, 2013,
32(S2):3760-3767.

JR T INE T A5 R B 0T SR Al L %
HOERIARLS TR B ARBESELT ], i Bl K22 4
2016,45(3) :433-439.

ZHOU Fubao, SUN Yuning,

Research on the theoretical model and engineering

LI Haijian, et al.

technology of the coal seam gas drainage hole sealing
[J7]. Journal of China University of Mining &
Technology, 2016,45(3) :433-439.



