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Investigation on the impact of water on the competitive adsorption

characteristics of CH,/CQO, in coal

CHEN Liwei'**, BIAN Le', WANG Dongjie', ZHENG Haoge', ZHAO Zhanchuan'
(1.S8chool of Safety Science and Engineering, Henan Polytechnic University, Jiaozuo 454000, China; 2. Collaborative Innovation Center of Coal Work Safety
and Clean Efficiency Utilization, Jiaozuo 454000, China; 3. Mine Disaster Prevention and Rescue of the Ministry of Education, Jiaozuo 454000, China)

Abstract: In order to study the effect of water on the competitive adsorption of CH,/CO, and mixed gases in coal, the self-developed multi-
gas competitive adsorption experimental system of coal containing gas was used to conduct the research on the single component adsorp-
tion of CH, and CO, by coal with different water content. The experimental results show that: Water does not change the basic law of the
isothermal adsorption curve of CH, and CO,, and under the same conditions, water does not affect the ordering of coal's adsorption capa-
city for a single component of gas, and the adsorption capacity of coal for CO, is always greater than that of CH,. Under the same condi-
tions, the inhibition rate of water on CH, is greater than that of CO, adsorption capacity, indicating that the inhibition degree of water on
coal's adsorption of weakly adsorbent gases is greater. The research on the effect of water on the competitive adsorption of mixed gas
shows that: when the proportion of gas injected into the coal remains unchanged, under the same adsorption equilibrium pressure, the total

adsorption of mixed gas decreases with the increase of water content, and the adsorption amount of CH, and CO, after adsorption equilibri-
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um decreases with the increase of water content in the coal. When the water content is unchanged, the greater the gas adsorption equilibri-

um pressure under the same gas injection ratio, the greater the adsorption amount of CH, and CO, after adsorption equilibrium. The

volume fraction of CO, in the free phase is always lower than that of the gas source, while the volume fraction of CH, is always higher

than that of the gas source. Under different conditions, the values of CO,/CH, selection coefficients are greater than 1, ranging from 4.8 to

5.4, and the adsorption affinity of coal for CO, is greater than that of CH,. The selection coefficients of CO,/CH, decrease with the in-

crease of water content of coal samples under the same gas adsorption conditions. This study further improves the theoretical analysis of

factors affecting coal gas adsorption, and provides a theoretical basis for engineering practice for underground gas injection and gas extrac-

tion technology.

Key words: coalbed methane; water content; competitive adsorption; adsorption selectivity; coal absorbed gas

0 35

IR JZ TR — R R A K AR AR, HT & R A
IR E RE PR AL A B L, (HRIREEE R
o RARE S AR E R, H™ E i 282
STFRI 0 % BT BExF b A DL R B2,
W2 e N B — BRI R E TN m sk . e
P51 s S e DA PN S D2 S ) R S SN V|
FERE K 7 AL 45 vk b At ke dE 2 A R I
BUE TARMF IR . 76 20 DK, 2257 L H pY %
WG AT T I ZE A CO, Mok RS
SRR, B T R, Ja Rz AR il A
CO,~ECBM!),

P A1 27 3 0o T B B SR HEA T T RS
SEARA B (P 2 AR L AL AR B L AR A B o
AR AY . AR A5 R 2R 345 M B SR
W B o 2 R 45 O BE 5 & B CO, #E 5 CHL, N,
S I BRTRRE, SR ST IR B4, I ELRT DK S A B
ok YIRS BRSBTS AR RS CO,,
N, Fil CH, W B 7 A 2 A5 i e . T i 200
GE 1 U R R W o ot A ASCAAR 52 e, 2 B X
WA R HEVE R . RN B 58 T R TR CO, AR
JE B R CH, RBIFSY, & BRTE R B s, AR TR
AT PR KR R SRR B A R R RN
WFFE K 3 X I vp BL T B4 ), & K 43 i A B BL
WG, BB R 2 T SN B R
W 03X 3 AN BE, 10 I K A3 KA T 30T 08 B A
A B EIVE R . BRERAEN W5 & B, AN TR 200
SR 2 43 BT R 22 5 R i B o 1140 R R R e A o
o SRR R M 2 4, TR K S T 1) 53
TR s, DRI 2 ek 55 A0 B e iy W o, AR FE
PER R AR . CHEN 3 5o v /K A 1A i i 25 2,
WEFE T ASTA] Y B K R IEEAE T HH Jo 190 S5 Y0 TR I A 2
25 SR, AR ERE ) H Joe T B 4 L 2 45 & Langmuir
I BRI, 7K 0 SRR A5 A=A %) I A i 7 HL A B

244

i

A VR, B R E 7K 41 R0 R e e IR
Jo A T ) 5 4 I BFE A O, L o rh SOk 5 TR
Z ] 14 W BT 2 [ A R T8 53— FRW B 49 23 —F AR ELAE
FEAER
DAY % "), YVESGENSTERBLUM %4 % NIE
AT SRR K 3 XA B BUIT RS M A T T P
RS, G5 AR R, ARBEE R & AU E R AT AR
22, KGRt AR, FRIGE MR o e R PR ) S [
JEIRAY -5 W e 43 F 1) A S5 e BP0 2
a1 £ Fnas g e 250 i i = LR I A 5T
T AR S v B B i 0 1) 5 O, A 2 R AR A
IR G %F 2 F A A e H e () s B A T K R 3
T, ECHT 0 G A O R i A R R R Y
¥, RFEWEED IR F 0 el R TR
B S 2 KRS, 45 R, K gk AR S
PR RS v R GE A iz, AKX e B s il A
FH, FE i i s BE 1 A K A 3 s B8 i 42 5
FE N ANEE ST T CO,, CH, FEME 55 4 BR
(R 22 TR0 e TR SR b, R IR A
—2E T 7K 3, 33X TR 3 AN ASOGT BL 9 A A e i
S, IR B FLEA —E B£8R,
JKXT CO,, CH, TEHE 58 4+ 12 B 7 TH1 i ke = AF 5T,
I B FE 0 5 B4 BF 5T H,0 X CO, #i1 CH,
B A SRR TR e 5 4 R B ) 52 I 28, Ry I
TR O R R BRI AR -

1 KEEESHEATR

1.1 IR

VERR FCIT & it . HA AR M TR 2R 473
5o RIS HRE SRR T I Ve A B T X a5
15 S Z B TCHEE, I EAELL GB 474—2008 A
A8 T B R ARE, T PRSI IR AR IR, S o T s B A
R A S 2 T, BRAE S B S &), R R AT R A
VE Rl 5 ) BE A BEARE, By e = R A2 2 60 ~ 80 H
(0.18 ~ 0.25 mm) FYRIURLAE, SR 5 A BE T 46 FE IR 7E



WRSLAEAE: K pxd CH, Fil CO, TEREH T2 I B RZ M DT 5

2024 455 4 A

105 C F 14 8 h, ¥ 1 2= % IG5 A M RRTE B 25
WA ZED 12 h, M5 AR A TR RE e H, HAH S
B 1.

®1 BEERSY
Table 1 Basic parameters of coal samples
o WA ARGy EAINEERE AR fLEER/
A % % (grem™) (grem™) %
WE  17.03 12.12 1.52 1.41 7.24
12 KB SHIRE

HI T K3 & AR T 4% I, Sk oy 2L R
JK S 3, o AR e BH A AN L, 3 T
FEIR IR AR BRI B g OB 52

I & KR53 5100 0, 0.79%, 1.48% F12.23%
(RIERE, ZETER 25 C &R
1.3 KEEE

W5 A A B0 &0 & U 2 e Sk
e fEUES R G, T8 I o3 AR e A S B R R R rp
(14 7 1 SR s S A ARG 312 3% 2R 0 45 Ak 1 70 i
Al DLSE B AL e i SR I ) )R, [ Bl SR
P o BEAT LAHEAT & K BERE X CHY/CO, B2 3 SR
(1) 45 T W B 86, ST LA AT & K ERE X CH~
CO, IRA MR TE M B0 . i g0 e & 2
TG R R G . 2 RS0 FE R R
ARG BIRERG SRS W RS 5 A
WiE 1R

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, i
T S
\ =
: 3 i &
‘ e i L 4l
| EE i 2
1 . e o
3 CPERK T 7 g
! i L R
= 1 | L><] 4
i =) k= 3 15 |
ot 14 ﬁ,x J E
B L[ F LB IR RG
NI E Ui
i

L = %)

st | ﬁg

A ) ®

L % s

””””””””””””””””””””””””””””””” % i

RIEPURS L= ,D,-,-,-,-:?ff, e D
QEREL S S
A1 RE%E
Fig.1 Experimental setup
14 RITE BH 7 28 s COWe F S i 48 B ) KA PR T A AR

1) R0 B ARG . AR 0 A A
P RALIN . T He A B HAG AW B A 45 2
IO LA ARG I AAA, 85 He 20 BI85, 3 H.
T BRI B E S Ry AR, B I 3 A2 R TR
T B 1 B7E Ak, FREE LRI ] 36 h LA L.
A FE 1 A8 AGAE Fe i 0 15 BN, T Ud B SO R AT
RZ, TR BN T

2) I B A AR E . R S A AR bR
SEH TR PVT ik, #E4F He Fhne SRS THR
T, IR TP R T N I A I R
IRARF AT 2,

3) JKXFF CH, 1l CO, B4l 43 ARAE TC AR i

FE, T ST HRAE T CAE R 25 Co Q¥R ES
AR TS ZEZ AR, 8 76 JE AR AR 0 Ak
PPAERERE T, IE ARG ) Py Al Py (DX
FEZE N B AR E R HE R VFiR2ZE N LR 7R
By, VA ) P, TR e A e )
FEE PN W BRSPS 0o N — e T ), &5
BT A R 7 8o a0 A B 48, 2 A 30— 2 DU
2 BERELER

Table 2 volume calibration results 3

cm
HEREREL  BEREEE2 OMLRERES TRIERNER WMAEASR ANEM
(GG A ¢ A A AR %R
456.8 4583 469.5 527.2 526.3 14.9

245



2024 4F5 4 34

# £ M FH K 5550 %

A HT, YT T — 4 & AR IR 38 75 58 e
TR

4) IR XA ASAAAE TC RIS 5 4 W B 52 M 3 565
UES
OXHR 5% & P T B MR A, o F R i
(O BERE AR RE T, SCPH RG4S AT

QKRR GATIF, IBEBEN 25 C.

O T AR BAHT I 22 UCR FH T BERERF 52 T
HABEXT CO,~CH, TR AY 45 T W BRH 4R, )R
BT SE G B A A R A R e AR SR [R] B 4 e
XA N A —E 1936 T8 50, IR i
5EH: 100%CH,+0%CO,, 80%CH,+20%CO,, 70%CH,+
30%CO0,, 60%CH,+40%CO, Fll 0%CH,+100%CO,. ¥
Bic 4 — 52 He Bl A CHL,—CO, 1RSSR 78 A MEREE,
L AR I 1 W O ST s R 3 42 3 WA R ) R AL,
IO SRR ARG TG LR R HEN 1725 1k

(@R AR HE P9 TR 7 308 2 10035 2 10 ) T (8, 9
HE 125 AR fo i B30 B AR Ak, DO BERE 2 N IR
B AN SR o BSUREARE B v P U B SR TR R4S
XM T S ST

O RAEF B L5355 | IR & A= AR Ak,
PRI G A e g S R 4 RO AT DS Bl e R AT —
AN FE 7 A5 B, T 22 FE R R AT N — A
A, TR SIRQ ~ @E A I 5
1.5 BEHEHMERERHEXITE

1) 1oy FE 25 B VA T G50 IR W ot S PR T AR
R rP AR A A RRRR 2SR S v 1% U B A B gl S A
BT B AR, BRI AR

Db AERERE PSR AR

2732x(V,+V,)
= (Z - Z) (273.2+1,) % 0.101 325

P, VO ARG FE AR B AR B A AR, em’;
Py, P2y 3T G T FE 45 4% N I 4a X) & 7, MPa;
Zi, ZRTERTI Py, Py NSRRI Y 48 5 V;
JTG FERARBIIAT, em’s V, R G008 I I (R AR,
em’; fo MIREREE, °C.

(R - i AR 2 P U B A AR

B 273.2x (VX p)
Y Zx(273.2+1,)%0.101 325
A, Vy SR I T R A A e A R P Ui S AR 1Y)
TRFR, em’s VR AR BE PN A8 4% 25 1] B AR, em®s PO
W o P s i SR ASE B PR 1) 8 X6 R T, MPas ¢, Sk W BT
Far IR EE , 25 °C5 Z Ay W R A T Ji Xof g 14 s
gl p e
246

P P (1)

(2)

PN AR 4 1 A A
Ve=V..—V, (3)
Ao, VAR O IR ST i A R X A AR 1% R o 4
H, em®,

@ 4b PR P 1 R FH [ 20 3 0% B AR R Lang-
muir 528U CH, Fll CO, 19 Fft A 1y 152 ot £ 3#E 47 414
4o Langmuir BN

_abp

T 1+bP

e a AR A, JERE A BRI B, em’/g; b N
W B %K, 55 145 6, MPa '

2) 2240 53 56 A W TSR Xo A AR I B 2 D B
S SR I BRHTR B SR B SRR R FE A IR R TR
B AR MAARTR 5l B MR Z 22 70 AR I
YRS S b LA A3 0 AACRR R 2 U0 2 A i 4 o Y
PRFEURR 2 SR T I PR A SR rh R B — 20 43 A AR,
HHEAXGHRA R EARK, ZUUF AL

(DI A2 20 53 () W B

Var = (Vi Cs = V,C))/ g (5)

(4)

VaB = (VZXCB - Vycjl};)/g ( 6 )

K Vi, Vs BsaF M4 f5, CH, 5 CO, ik
B, em’/g; Ve, TEAJEREREIR AR, em’; V,
S JE KRR RE B SR B, em’; Cu, Ca MR
SR CH, 5 CO, RBLAEL, %; C, Cp kW I
A I i RS SR CHL 5 CO, MR EL, %; gl
I, g,

2 JKHXt CH, #1 CO, BB4H 4 SRR M4 14
A pIRES

2.1 7kHXF CH, #1 CO, B2 45 WK B4 14 22 01

ST KX CH, A CO, BALH 43S AR B Wz it
SR, R R (3) BRI TR A
fdi FH Langmuir 77 F2 & 57 520 53 1) CH, Fl CO, W i}
sR gl K 2 iR 5 E 3 .

M1l 2 5 1E 3 w1 E K IEREXT CH, F1 CO, 155
T2 B it 2 5 TR AR ], f A Langmuir 77 F2 X5
HEARIFHPLERCR, K3 IFEA B CH, F1 CO,
A5 T VR A T R 0 AR LA, AH R S5 R T CO, 1Y
W B KT CH,o

XTEE 4 FhoRRERE B I B i 2 TT LRI, A 4 LA
K, TR CH, FIT CO, UMW RE f1 i, 18
[] 98 (R e 45 10 T, Bl 2 A v K o0 B 4 R, X
CH, 1 CO, W Fff i Wik Ak . LA CH, R fil, 761



WRSLAEAE: K pxd CH, Fil CO, TEREH T2 I B RZ M DT 5

2024 455 4 A

45 -
40 -
L
[J
_ 35} < :
o 30 L °
k=
S 25t v
il:d
= 2}
=
+ 15}
jan)
© = EIKE O
Or o 5K 0.75%
5| ALIKE 1.5%
VEIKE 2.25%
0 1 2 3 4 5

i W14 1 /3/MPa
B2 REA KRR CH, %% i th &

Fig.2 CH, isothermal adsorption curves of coal samples with
different moisture content

60 -
50}
w . .
B 40}
2 v
!
= 30t
=
Sl n K 0
o FIKE 0.75%
10 | ABIKE 1.5%
vEIKE 2.25%
0 1 2 3 4 5

WS BT 48 s /3/MPa
3 FEEAKFERFECO, IR R dh &

Fig.3 Isothermal adsorption curves of CO, on coal samples

with different water content

B 15 1R 3.2 MPa B}, e K3 K R4 F N W Ff e
TBET 42%; X CO, MM &, TEM T £ 18 3.2
MPa B, S K&K Z 55T B TR T 27.9%

i X AR R A5 R BT CH, Al CO, oM Bt
AL FEAHTE B S5, BT CH, (W% BFH /N Tk
CO, MMM . X UEBAAEARIRI ST, I ARt
X BLZH A3 SR B ) B HEIY, R 22X CO, 1)
W FHE KT CH, AW B RE
2.2 k3t CH, 1 CO, H28 5 MR BRI I Z= A9 220

3 X FAR R SR, X CH, 5 CO, W &
AL, AHTR) S50 F, X CH, B9 W% ffHE BN T CO,.
AR 7K 3 s B IR A B s A R e THER
SUTF PR

m =122 100% (7)

x0
e gy AKX R B RS R, %5 00 H 7
KA 0 I AR I B, em?® /gs Qo WES n A
KR SRR B, em’ /g

THEA [R] 02 BAEP- 188 03 T 7RO A I B 2 1 4100
i, QA 4 fras o d BT, AR 8 I RSP i
TR, KGR CH, W R S (A4 ) SR L 2K oK 43
XF CO, W B2t A0 400 1] 252, 33 100 I 7K 3 X 2 o 555 i
B AR AR R TR

Sy BT IR PR AT A

PRI [ SR> T 2 18] 45 4 E R GE T e
MHEBR K 53 Z ] (R 25 G 2 a4l AU AL [m) R
FHEYEE S, A B RE B K FIefte ). Tl oK
53 F VAR F 5 4 B 0 W B2 B, Ak 4 34
A o

RGO FE AT, T K R A =X 3 LA
W BFF2S SR T, SR T AR PR SR A (AR SRSt
K, AR Y TR T SRR L, X2
SEUREXT S I E 1R

MK AT G B R R, KA X SR AR
YR, 7K A3 o 5 e L i i 18 B ) e Ao, D) 25
L B T AR /0N, A A AR MESE Ao LB R A
A, XA 23 P BRI BRI, AR B B,
T JORE A 8 T R B I A FF I 85 )N, B HE K TS
Gria g B, S22 IR o T LK A3 K A5 g I 55 W%
PR 0 A R — 2
2.3 Jk¥t CH, #2 CO, B28 53 WK Bt & £ i 32 im

8 14 Origin #X i F Langmuir 77 2 X} 55 77
Bl R BT R0 A, 153 CH, Al CO, AY IR B85 45 b A5
PR OC R, WA 5. 6 PR,

FRIF] S5, Bl R BT R D 4 v, B <
A B4 R B 0 AT AR 0 O B A T — AN B, XA
B BT A B B @, 8 IR X AR ) A PR
B i

H L S T, AR & KRR, CO, AR B
B oa (A2 CH, K, BT CH, WM. BT
X CO, MM AE 1 KT CH,o

& 6 & BUARTR] & KR &, CO, I B
b A KT CH,, LT CH, I 2 £%5 . id I 8 Xt
CO, MM Z KT CH,o

A K S 5E 6, KIKEE AR K> 3G
K, X CH, Fl CO, (WL B %X a, b HHARREZ 2tk
RAEATR, 33K 10 P REAA T 7K A5 2 A 398 o ko SR 0 o <A
(1) 0 B85 50 @, b (A M RIAE . teAh, XL & B,
CO, MW 5 4L a 1) T BEIREZERT CH,, UEEH/K 43
X CO, WL HEL a W R2 M BT, AR IR i
Wi VA T v T R, 4 R R A R R o
Z R 172 W), ISP He T X6 iy 3 5 B Sk A

247



2024 4F45 4 1) % % A 2 H K 552 %
S —— 01 4 e,
® CO, * CO, &
N X
o 40 L o
i £ 50 .
= = =
£ 30| £ .
I g
= £ 20+ .
=
2 20f E
r r
® o0t
R 10} &
% %
0 : : : ! 0 : : : !
0.5 1.0 1.5 2.0 2.5 0.5 1.0 1.5 2.0 2.5
EIKE% FIKE%
(a) BT 77 0.8 MPa (b) M BH-F-i 77 1.6 MPa
40 ¢ 40 -
= CH, = CH,
S * €O, S
ﬁ- 30 b ﬁ 30
H= - =
= 5
= 2
IH e )
= 20} = 20f
= =
£ =
r y
2 10} =0t
& 5
% %
0 : : : ! 0 : : : !
0.5 1.0 1.5 2.0 2.5 0.5 1.0 1.5 2.0 2.5
FIKE% FIKE%
(c) MELBH-F- 41 77 2.4 MPa (d) " M-~F- 1 77 3.2 MPa
B4 R RMFEE G T A SRR M E 3 H %
Fig.4 Inhibition rate of water on gas adsorption under different adsorption equilibrium pressures
70 - 35¢
= CH, = CH,
o * CO, I e CO,
60 30
T | = 72204612275 o 5| 1=—0.44x+2.98
E 50l R=0917 B R*=0.997
< 2
S e <920}
:
= _ 2
= ,Ivabg.;égm.sz E 150 »=0.18x+1.08
= e = R*=0.988
30 .\I\.\- 1.0+ -\-\'\.
20— : : : - ; 0.5 b— : : : : :
0 0.5 1.0 1.5 2.0 2.5 0 0.5 1.0 1.5 2.0 2.5
EIKE% TIKE%
S RME#HaaRET/AKXR E6 Wb HAEKET/RXR

Fig.5 The relation of adsorption constant ¢ with moisture

content

X A IR B 5 K b, IR B0 b T ARAIERERS X
AR BT 38 Y B2
Sy IR A AL oK AERE s 2 AR ——
7 i O B AN SE LI . K21 T AE
Gl R Z s S V) O e i U LT R A e e
M AR 53 ) IR B, AR AR 7K 1 DR
248

Fig.6 The relation of adsorption constant b with moisture
content

i b3 ok, HEEE K& A THE, XA
SOBRIIR o TR AL a (3R 1 R S ST
AR BRI B 6, I LA A2 H BUREXST CHL, Fl CO, Y
B8 2 a (ELREOK &5 B TR B NI AL . 45
TR G B RGN, S B LB A B AR, X
2 PBUTMR S TARMEIE AL B e AR RS, HL



WRSLAEAE: K pxd CH, Fil CO, TEREH T2 I B RZ M DT 5

2024 455 4 A

K 43 R D) A 3 A R P A T AR b (E
J2 I WLIRENR B AR PRAE i— A8 R, BT RAA 2 B
JEEXT CH, FT CO, B B8 55 b (BRI A ok o3 F
T e T N R

3 K53 CH,/CO, B &S A W B 43 14 22 I

a5, 2 AR B T AN R B K RS CH,~
CO, TR AN S B et Ko 45 21 53 W B St Bl 25 7K 3R 1)
LIS T

HE 7, &8 Al 9 ml .

1) M9 AR SR B AR R A AR I, 2[R —
W2 BFF -7 0T, TR A R B R K o3
SEAAUAAOC, BITR A 0 A R B 5 B Bt A 7K 53 B S 1Y)
T MREAR, H 4 R B85 Hs 01 B iR A SR S
I B B RS 7K B ) B AR A S B S R
XU B AR 3 TR SRR A AR R e T A i A
2) FEAH RN RSB 2 0 BT Al R —
ik, W2 BfE -4 )5 1) CHL W B St RN CO, TR B St R b 2
AR R K A i R B T8N T2 B K AR AR B,

28 -
sl = 80% CH,+20% CO,

e 70% CH,+30% CO,
2| 4 60% CH,+40% CO,

SR (em?-g )

16
14}
2}
10 L— : ‘ ‘ ‘ ‘
0 0.5 1.0 15 2.0 25
FIKER %
(a) W Ff}~F-85 & /7 0.8 MPa
40
2l = 80% CH,+20% CO,
o 70% CH,+30% CO,
36| 4 60% CH,+40% CO,
=~ 34
3
E
E 30
il
el 28 +
=
S 26t
24|
22+ ®
20}
0 0.5 1.0 15 2.0 25
B IKE %
(c) MR B4 & 712.4 MPa

[Fi] — A LA A A=A WO - Ay s A, W A
I 19 CH, TR B e A1 CO, MR BFFHb R . X 1B K 43
SR A SR B 1 CH, WA CO, Mgt
A VR, T % i A RSP ) Y CHL, T
BT CO, MR A AR E 1R

3) WL 5 KR 2 R A AR OC REEA AT A 1
FEEREOC RN

O = QOuin + Aexp(—Rx) (8)
Horp, QW B, em®/g; Quin N H/ NI, em’/g;
AHUREE, REEFE B R IR KN, em’/g; R AIE
BUREG x TR, %.

HAUAAHR RB R BIRT 0.9, RHVEE 7K 53
XA F B A HIER- . Hd, Ontd R x=0 B
WSS TR AR A I B 15 O KIS T
TC 55 B B PR B e/ N R o et R kg RREASE O B o 5
IR T R AT I R B

J PR 5 B2 W B 2 SR AR, fh T K T R
PO F, BRS 5K T456, W HEE ) 2ie KT
93, Ko T A e B A v G 4R W B A6, DA

36
aul = 80% CH,+20% CO,
® 70% CH,+30% CO,
32¢ A 60% CH,+40% CO,
W 30}
= 28}
S
18 26|
=
= 24
Fi]
T2t
20 b
18 .
0 0.5 1.0 15 2.0 25
EIKE%
(b) "R ft-FHi 77 1.6 MPa
45 -
= 80% CH,+20% CO,
e 70% CH,+30% CO,
4or A 60% CH,+40% CO,
B
B 351
S
g
= 30+
=
=
25
20

0 0.5 1.0 1.5 2.0 2.5

EIKE %
(d) "Bt 77 3.2 MPa

B7 ERFEEAEAEE MK R

Fig.7 The relationship of total adsorption with moisture content

249



2024 4F55 4 1] # 2 M FH K 5552 %
16 - 20
= 100% CH, = 100% CH,
® 80% CH,+20% CO, 181 ® 80% CH,+20% CO,
14 A 70% CH,+30% CO, 4 70% CH,+30% CO,
S v 60% CH,+40% CO, = 16l v 60% CH,+40% CO,
o2t o
8 5t
10 - i
= =
= = 12}
= =
+ 8F -
e e
o o lor
6 gl
4 : . . . : 6 : . . . :
0 0.5 1.0 1.5 2.0 2.5 0 0.5 1.0 1.5 2.0 2.5
BIKE % TIKE%
(a) WLBf-~F-#i7 H 71 0.8 MPa (b) MRt~ 7) 1.6 MPa
24 - 26
= 100% CH, = 100% CH,
2} ® 80% CH,+20% CO, 24 + ® 80% CH,+20% CO,
A 70% CH,+30% CO, | . 4 70% CH,+30% CO,
~20F v 60% CH+40% CO,  ~—~ v 60% CH,+40% CO,
() b0 20 |
mé 18 + 'ie
S S 18} -
=16t =
= l4r =gl
T 1ol T
512 O 12+
10 10 F
8 8t
0 0.5 1.0 1.5 2.0 2.5 0 0.5 1.0 1.5 2.0 2.5
BIKE % TIKE%
(c) LI~ [ /) 2.4 MPa (d) " B4 K 77 3.2 MPa

K8 CH, %MEMRAEAKERMK R
Fig.8 Relationship of CH, adsorption with water content

7153 B0 01 9 A 2880 R A7 5 i />, R o
I, BEAMBEE S RIS, J8 K T IR S G P
WRE RIK, IE T SARIE R Rl I8, (A AR 17
FLB R B T A2 TR, PRI R B i 55 7K R A 5
LG TR R

4 k43T CH,—~CO, WK BHERE MR 22

IR
TR AT ARG 15 T 45 21 2010 B AR B A
SRR A A5 T 3 A8 A A 5 SRR AR B
XFHE.

LAEL 10a 0], 7EFrA B 250 T, W B A P Y
CO, HIRFRIP BG AR T 5L i IR, 0 CH, AR BUY
BoRZm TR BEE TSR3 R, CO, IRFR >
oz i LI IO IR, SR, CH, iR
OIS 2 1) SRR B WS

Tz PR O R B R R R 5 U R B[R] 2 73 2
(] A ) 5 R RS A 5 4 WA R s 5 VB - 1687
Ji 1 BN WA AL, S 4 g B S 00 B A TS R Y

250

4.1

I AWk AR AR AL, W RERE 158 B CO, LS i 23R
ARAE W AR R, T B R 1 AH R85 55 8 CHL, T A T
BT R AR o AP G [R) E KRR T i B AR Y
TR BRI, THRIRERESET, CO, YR A
JESEE T O KRR, (EA R ] I, X AT R 1R
b TP IR B O
42 SEEFERH

SRR EOT A R IEBREXHR A A UA P &
L3RRI A R Y5R35, S22 T IR G UK
20 53 (R W B RE T A 2 e, R] IHG R R A5 90 125 A 20
JALAEAN T A A AR Ak, W B RE T 5 Y A I S TE I
B SR, W BT RE 0 55 0 SR U 7R B AR SR
PRI, A SCHE T CH,—CO, TR A UM TE 4 I B 1 6 4%
PERET LN (9) o
x(CO,) /y(CO,)
x(CHy) /y(CH,4)
X S (CO,/CHY) AR E TR CO, AHXF CH, /Y
PEFEREG x(COy) , y(CO) A 73531 Ay W B AH A5 357 7
HH CO, HIATRIIEL, %03 x(CHa) , y(CH,) A3

S (CO,/CHy) = (9)



WAL HAF . KX CH, Al CO, FEME R 5 I MEHRFAERZ IR DTS

2024 455 4 A

45 ¢
= 80% CH,+20% CO,
40 + ® 70% CH,+60% CO,
A 60% CH,+40% CO,
~¥r v 100% CO,
on
4 30
= 251
e
=
= 20 -
S 15|
© N ‘\‘\;\‘
10 + \v\\‘
5t .\.\D\.

0 ofs 110 1f5 2.0 zfs
HKEY%
(a) WP #5115 77 0.8 MPa

60
= 80% CH,+20% CO,
® 70% CH,+60% CO,
50| 4 60% CH,+40% CO,
~ v 100% CO,
'an v
< 40)
g v
I
‘Jg 30|
=
S 2} ‘\r\'\‘
ol \1\.

0 0.5 1.0 15 2.0 25
FKE %
(c) WMtV 1% /7 2.4 MPa

60
= 80% CH,+20% CO,
o 70% CH,+60% CO,

50 A 60% CH,+40% CO,

= v 100% CO,

&

mE 40 L

)

il

J;;““ 30t

=

o)

Q

10 '\'\.—\.
0 05 10 s 20 25
FKE%
(b) VR HF#5%£J1 1.6 MPa

60 -
u 80% CH,+20% CO,
o 70% CH,+60% CO,
501 A 60% CH,+40% CO,
=~ v 100% CO,
o0
§ 40 +
]
=
= 30 F
©)
QO
0 T
0 0.5 1.0 1.5 2.0 2.5
TIKER Y%

(d) "R P15 77 3.2 MPa

K9 CO,ZMEMAEAKERMK AR
Fig.9 The relationship of CO, adsorption with water content

100 - 90 r 80 r
f — I S
B0 o+ i N — 70¢ Q‘%
70
X =CO,-0 <«CH,-0 X = CO,-0 CH,-0 X L
S 60 «CO0.79% »CH,-0.79% = 60 o CO-0.79% :CH4-0 79% 5 6 = CO,-0 <CH,-0
* 20O -1.489 ‘1489 # oo T cor b ¢ C0,-0.79% > CH,-0.79%
& CO-1a8% o CH-148% R 50 4CO-1.48% o CH,-1.48% L 50| 4CO-148% o CH.-1.48%
& a0 CER e & [ Co2an « 22 i o e 1
R WA | Se b 27450 47E A
& : : £ 40 *CO R = CH, R = 40| LCOUE o CHL
20F e . . . 30F e . . .
. * —s
. " 20 | P_,,M”/“' 30 + %‘5 !
05 10 15 20 25 30 35 05 10 15 20 25 30 35 05 10 15 20 25 30 35
W Fft~F- 485 1 3/ MPa W FE~F- 485 1 3/ MPa W BfF- 465 £ 73/ MPa
(a) A JF L 80%CH,: 20%CO, (b) KA 70%CH,: 30%CO, (c) AU LA 60%CH,: 40%CO,

B 10 e EER SIS EE A Z KR

Fig.10 Relationship of free phase volume fraction with adsorption equilibrium pressure

BRI BS A CH, IR FR 8L, %.

TR M A5 BN [R) - T e 2R AR 75 7K
R R, WE 10 fis.

H & 11 Rl DUE R F 24T CO/CH, ik
PEARBBUEYI KT 1, UL TE 48 ~ 5.4, X F
W] T HEXT CO,-CH, TR & AR TE F g i it F2 v, CO,
B B 2R ANRE KT CH,o X B 2 F ik

PR B T SO TSR B W B 3R RE S 4 T o T
JEREE

WAk, CO, W53F3h J17# HAE M 0.36 nm, 1fif CH,
194373 J12# 4% K 0.46 nm, CO, A ATEEE /NIHL
BRI RRE . FRARIE 10 & 3R, IR S K A R
ARSI CO,/CH, 1EH8: R BRI LA, W BF- 18 1
71 0.8 MPa: 80%CH,+20%C0,>70%CH,+30%CO,>

251



2024 4F45 4 3] # x A F 4 K 5552 %
57¢ 56
= 80% CH,+20% CO
5.6 . 700/2 CH4+30°/Z co, > = 80% CH,+20% CO,
oh CHL40% CO. e 70% CH,+30% CO,
4 60% CH,+40% CO, 541 4 60% CH,+40% CO,
555) =
S s4r S sa2l
= =
53¢ ® 51t N
| \ 5.0 ™
1 1 1 1 1 ) 49 1 1 1 1 1 )
0 0.5 1.0 1.5 2.0 25 0 0.5 1.0 1.5 2.0 25
BIKE Y% BIKE Y
(a) "B PftP-ii & 77 0.8 MPa (b) W P-4 /7 1.6 MPa
56 53
551 ® 80% CH,+20% CO = 80% CH,+20% CO,
60% CH,+40% CO, 521 o 70% CH*30% CO,
sal ¢ 007 LA &0, A 60% CH,+40% CO,
~ 53¢ ~ 5.1
o T
Ssal <
s . g 50
“a 51+t ° A
4.9
5.0 ¢ [
4.9 g
[ ]
48 1 1 1 1 1 Il 1 1 1 1 1 Il
0 0.5 1.0 15 2.0 25 0 0.5 1.0 15 2.0 25
BKE Y% BIKE%
(c) "B Bft-F-# % ) 2.4 MPa (d) R PP 1 3.2 MPa
FH11 AEPHEHNTHFRUEAKEHTMAXR
Fig.11 The relation of selection coefficient with moisture content under different equilibrium pressure

60%CH,+20%CO,; W[ 7 1.6 MPa, 70%CH,+
30%C0,>80%CH,+20%CO,>60%CH +40%CO,; "% [f}
- 5 5 J1 2.4 MPa, 70%CH,+30%CO,>80%CH,+
20%C0,>60%CH,+40%CO,; W fif *F- £ % /7 3.2 MPa,
70%CH,+30%C0,>60%CH,+40%C0,>80%CH ,+
20%CO,.

AT UL, AR BT, 18 R BB R
WA B B B A R, DI e R S Rk
FETC K MRS, Srt R E0EF-f e 77 b T
/N, IR CO, MR H £ b (KT CH,, FiE
W BT e A8 K, SRSy Faa s sE s 24,
REtLZs 3 5, CO, PR SEMEE, MErh CO, P34 ML B0 I
D, FECRBERE R BRAG . AH R AL IR A SRR
B 2514, COL/CH, BEFE R BN RE# 1 IHAE & 7KR
AR BEAR, FALF G A BORBE S . 431 )5
AL

DB a2 waed, K 24
FERFEAF RS F A ERRML. HO0 2T 5 COo, 1
AR 5 B 5 2 W B AR S S AR 1 g AR,

252

T2 7 I3 1T 58 4 AH [R) A I B4 51, {HLJ CO, 43 T
SRR W B AR/ N T S HLO 43T ] A I B34
fit. H,0 7+ TEFH 4 CO, 7 my ML B 7 3
CO,/CH, B R T

2) JE R HLA e 1 1 FL LR A A, AR (%) 25 B AT
PLAr ML LA AL 3 2%, Hodh sl R/
T 2nm B9fL. CH, 500 Fah 1% HE R 0.46 nm,
i CO, W4T 3 11244 0.36 nm, AL CO, 7T LAk A
BN R AL T AT IR BN . MK Ak AR, JK
Gy F—J5 I AR A 53— T, BHZERS 4 CO, R
B FEETE, S CO, i T Ik ik A X SElB i fL
O B, AT R T X CO, i B i, 5B
CO,/CH, TEFERECT I

5 & &

1) E7KHERE CH, Fl CO, BSR4 5 11
SREREAR R 7K 20 35 TS CH, Ml CO, S5 1R I B &
) FEAS R ; £ R R) R 254 T, TR XT 2 Fh
A B4 TR B e i A, 2 3 7K R ) 1 i, R O 3 3



WRSLAEAE: K pxd CH, Fil CO, TEREH T2 I B RZ M DT 5

2024 455 4 A

FEAIG

2) MR &40 F, K 2r %t CH, Bl % KT Co,
R F 2 0 3 25, 130 7K e Ko A R o 5553 g o A< AR 1
MR R,

3) X L A AR BRFEE, B K R AR
CO,, CH, —E MW H 50 a, b IR LR PERRRAY
A KRB, CO, R B H 4L a, b (BT B e
KT CH,, KA3%F CO, W Bk me B8 K

4) FEMRIAAE T, BEE S 3am, g b S 8
Se P E B N 5 B T O W #, £F & Lang-
muir /7 2. CH~CO, IBA&MMEMFE KT, S
B /N T4l CO, MMt &, RF4l CH, el . <R
W CO, TRFR AT H50RR B, B TR A S AR 11 6 W B
FE . & Langmuir J7 F2 o] DL FUIAR [ 25 K S A
X} CH~CO, IR A& MM 52 B W A7 . BEXT CH,
1 CO, AW B £ A K IR B 359 SR AR e T g e 34,
BEE SR AN, WM e TR R BT, 56
AR ABUIEARTF & RFEER B R

5) UiE B A H Y CO, MR TR B KA TR,
I CH, BN 2 TR0 vEFf R BCEE RS
TR B AR A VAT R ) 08 A B AR it A
TR /)N AHRI SR G SR 55, COL/CH,
VERE R BB IR B K R KM AR

22 3 ik (References):

(1] #fh ZEE, BEH, & RERZSFEAEARIRG L eE
0], HEREAR, 2022, 47(9): 3212-3238.
HUANG Zhongwei, LI Guofu, YANG Ruiyue, et al. Current status
and development trend of coalbed methane development techno-
logy in China[J]. Journal of China Coal Society, 2022, 47(9) :
3212-3238.

[2] E NI, B, KA, 5 B X LT R A HHAR BUR
BRI BB EEIR, 2020, 48(3): 154161,
WANG Gang, YANG Shuguang, ZHANG Shouping, et al. Cur-
rent status and prospect of gas extraction and utilization techno-
logy in Xinjiang Coal Mining Area[J]. Coal Science and Techno-
logy, 2020, 48(3): 154-161.

(3] BB, W7, 0k 52, % B0 I T e maf UK I RSEE 21
THIEAR KR []. BEBFAEAR, 2023, 51(1): 31-44.
KANG Hongpu, FENG Yanjun, ZHANG Zhen, et al. Rock strata
control technology and application of hydraulic fracturing by direc-
tional drilling in coal mine[J]. Coal Science and Technology, 2023,
51(1): 31-44.

(4] Ropsk, memh % 10, 55 BHAN ShRm 2480 XY e i K 43
AR L], SRR, 2023, 42(6): 112-116.
XU Xuefeng, SHI Pengke, JIANG Heng, ef al. Study on the expan-
sion range and distribution law of loose blasting fracture area in
coal[J]. Coal Technology, 2023, 42(6): 112—116.

[10]

[12]

[13]

[14]

SRIAZR, ZEE PG, [E A, A5, BUISH B paRr Ak 5 K 7 AL
R (V] BEBBAHOR, 2022, 50(7): 156-162.
ZHANG Mingjie, LI Yaxi, YAN Jiangweli, ef al. Determination of
influence radius of hydraulic punch extraction by gas emission at-
tenuation characteristic method[J]. Coal Science and Technology,
2022, 50(7): 156-162.
W2 B, TR, WA 2 U Hh 14 4B A
Lo FCHAHUR AT L] 5244, 2016, 41(9): 2246-2250.
YANG Hongmin, FENG Chaoyang, CHEN Liwei. Displacement-
displacement effect and transformation mechanism analysis of ni-
trogen injection in coal seam simulation experiment[J]. Journal of
China University of Mining and Technology, 2016, 41(9): 2246—
2250.
ZERERN, 2R, X M, S X NL/CHY/CO, TRA S UE T 4 )
B AiE 5 AL BEF 5 (0] o B ol R 2 2 4R, 2023, 52(3)
446-456.
LI Shugang, LI Zefan, LIU Peng, et al. Research on the competit-
ive adsorption characteristics and mechanism of coal to
N,/CH,/CO, mixed gas[J]. Journal of Henan University of Tech-
nology, 2020, 39(4): 20-26.
AKASH T. A study on the carbon dioxide injection into coal seam
aiming at enhancing coal bed methane( ECBM) recovery[J].
Journal of Petroleum Exploration and Production Technology,
2020, 10(5): 1965-1981.
B, 2= B R W, 4. CH, 5 N, CO, BISES IR M C R 1Y
W IRIRKIEATTE (1], 241, 2018, 43(2): 490-497.
LUO Mingkun, LI Sheng, RONG Hai, et al. Experimental study on
competitive adsorption relationship between CH, and N,, CO, by
NMR [J]. Journal of China Coal Society, 2018, 43(2): 490—497.
BEH, BR R, Bk, % RE AT CH, BHRr
SMRBITSE [T]. T BT R 242741, 2020, 39, (4): 20-26.
LYU Baoyan, YANG Hongmin, LYU Xiaolai, et al. Study on ef-
fect of gas mixture on CH, displacement efficiency in coal [J].
Journal of Henan Polytechnic University, 2019, 39(4): 20-26.
TLIR T, I ZE, X 46, 4. BERF CO,, N2 I CH, A Ml
290 A S PRV L], 22 44 7 2 50K, 2020,
16(9): 83-88.
JIANG Zhaolong, ZHOU Yujun, LIU Wei, et al. Experimental
study on the adsorption rates of CO,, N2 and CH, by coal[J].
China Safety Science and Technology, 2020, 16(9): 83—88.
g ANESL A WL AR CO, TERE TN CH, SRR
MARIATSE [J]. e e A R R, 2022, 18, (8): 85-90.
HAN Guang, FU Zhihao, BAI Gang, et al. Experimental study on
the influence of CO, injection pressure on CH, displacement char-
acteristics[J]. China Safety Science and Technology, 2022, 18,
(8): 85-90.
FoOME, PN e TR AT R A IR MR R
(7], L pssEse, 2018, 38(2): 71-75.
WANG Hui, SUN Long. Experimental study on isothermal ad-
sorption of coalbed methane under different temperature condi-
tions[J]. Shanxi Coal, 2018, 38(2): 71-75.
B WL SEEE, PR, 45 R[] CO, HEAGREE B IKE CH,
FEPEABRIETE (V] RBLAEAR, 2021, 49(5): 167-174.
253



2024 4F5 4 34

#HEHMFHAK

52 %

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

254

BAI Gang, JIANG Yanhang, ZHOU Xihua, et al. Experimental
study on the displacement characteristics of CH, at different CO,
injection temperatures[J]. Coal Science and Technology, 2021,
49(5): 167-174.

B IR, IR, Birdrd:, S5, R0 b FC 3T Ao e 4 U ik
WoE 0], 44, 2017, 48(12): 25-27, 32.

FAN Yaqing, WANG Zhaofeng, CHEN lJinsheng, et al. Experi-
mental study on replacement effect of water to gas in coal[J].
Safety in coal mines, 2017, 48(12): 25-27, 32.

g R, LI, AT F . R ZOe IR SE S W B 8 A 1
TSN BB [J]. DA, 2015, 40(7): 1550-1554.
YANG Hongmin, WANG Zhaofeng, REN Ziyang. Differences
between competitive adsorption and replacement desorption of
binary gases in coal and its replacement laws[J]. Journal of China
Coal Society, 2015, 40(7): 1550-1554.

MR BR, Shim, SRR, 45, AR US4 i i 22 S K
b FE JoE W% A ik T 0 5 o) (0. B A2 R, 2021, 49(1D)
47-55.

CHEN Yue, MA Zhuoyuan, MA Dongmin, et al. Wettability dif-
ferences of different macroscopic coal rock components and their
effects on methane adsorption and desorption[J]. Coal Science
and Technology, 2021, 49(11): 47-55.

CHEN M, CHENG Y, LI H, et al. Impact of inherent moisture on
the methane adsorption characteristics of coals with various de-
grees of metamorphism[J]. Journal of Natural Gas Science and
Engineering, 2018, 55: 312-320.

DAY S, SAKUROVS R, WEIR S. Supercritical gas sorption on
moist coals[J]. International Journal of Coal Geology, 2008,
74(3):203-214.

GENSTERBLUM Y, MERKEL A, BUSCH A, et al. High-pres-
sure CH, and CO, sorption isothermsas a function of coal matur-
ity and the influence of moisture[J]. International Journal of Coal
Geology, 2013, 118: 45-57.

NIE B, LIU X, YUAN S, et al. Sorption charateristics of methane
among various rank coals: impact of moisture[J]. Adsorption,
2016, 22(3): 315-325.

F AN S0 K A ) U A RSSO IR B A 5 9 [D]. £

[23]

[24]

[25]

[26]

[27]

[28]

FE: TR LT R, 2010.

XIAO Zhiguo. Experimental study and application of water injec-
tion in coal seam to inhibit gas desorption[D]. Jiaozuo: Henan
University of Technology, 2010.

SRLLE, J5 B L2 KA FUI I AL 0], R
%, 2010, 35, (6): 928-931.

GUO Hongyu, SU Xianbo. Study on the mechanism of water in-
jection in coal seam to inhibit gas emission[J]. Journal of China
Coal Society, 2010, 35, (6): 928-931.

A, EIRE, ZHE, RN HR 3 S M2 TR
AR [T]. BRI AR, 2011, 39(5): 47-50.

LI Xiaohua, WANG Zhaofeng, LI Qingsong, et al. Influence of
water on the law of gas desorption in No. 3 coal seam of Xinjing
Mine[J]. Coal Science and Technology, 2011, 39(5): 47-50.
R, EI6E, M, . H WK ISR HE T T R LR
R LI]. ML TS R, 2017, 45(1): 35-40.

WU Jiahao, WANG Zhaofeng, SU Weiweli, ef al. Comprehensive
influence of self-absorbed water on gas desorption in coal[J].
Coal Geology and Exploration, 2017, 45(1): 35-40.

FI6A, A, BRI %, 45, B FUITHE A AR ROK B IR B F 7T
BeHUBRERAT V], BEBBLEB0AR, 2015, 43(8): 72-76.

WANG Zhaofeng, SU Weiwei, CHEN Xiangjun, et al. Experi-
mental study on natural water absorption and imbibition of coal
containing gas and its mechanism analysis[J]. Coal Science and
Technology, 2015, 43(8): 72-76.

W 1) 262 BTN 3 %8 S5 B4 BU 30 g8 Wt 5 3 24 45 P IR B 5E (D).
TR AR E, 2013,

CHEN Xiangjun. Influence of added water on the kinetic charac-
teristics of coal gas desorption[D]. Xuzhou: China University of
Mining and Technology, 2013.

R, U, A W, SR KX JC AR FC AT R e AR
GGl o )], A 5FRBEAAN, 2018, 18(1): 151-155.
GAO lJianliang, LI Shasha, YANG Ming, et al. Low field NMR
experimental study on the effect of water on anthracite gas ad-
sorption[J]. Journal of Safety and Environment, 2018, 18( 1) :
151-155.



	0 引　　言
	1 试验装置与试验方案
	1.1 试验煤样
	1.2 试验参数设定
	1.3 试验装置
	1.4 试验步骤
	1.5 煤样吸附量原理及相关计算

	2 水分对CH4和CO2单组分气体吸附特性影响规律
	2.1 水分对CH4和CO2单组分吸附特性影响
	2.2 水对CH4和CO2单组分吸附抑制率的影响
	2.3 水对CH4和CO2单组分吸附常数的影响

	3 水分对CH4/CO2混合气体吸附特性影响
	4 水分对CH4–CO2吸附选择性的影响
	4.1 游离相组成规律
	4.2 气体选择系数

	5 结　　论
	参考文献

