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AR TR A S RAEEAE TR R AL /1 09 BT ok | S5 il it WOk AR PR Y 55 B 48 R IAE
P 2E RO T SE R GRAT WA AR BEAE B R B RUE FUIR 25 4 P 69 IR A 45 A2 B B oR I Ak ) 69 4R B &
R F W HEF 0.38~1.50 nm FLIR £ A8 FIRR AL ) 2 TR T LILE, M K F 1.50 nm FLER %
0 TR B AL B % SLI R mARIE ] 6 ABEAE G FLIR 5 M P A ILILAE 4 0. 028 ~0. 065 cm’/g. &
66. 1% ~96. 6% , L R @A A 75.4~197.3 m*/g. & 82. 8% ~98. 2% ; # FUIL %3+ F 69 F b R I
F 4 14.50~32.27 cm’/g, LIRS R @ AR 69 TR W E 4 0. 10~7. 31 em’/g, # 569 TR IR
BRI ZH 14.60~33.35 em’/g; i@ 3T F I R AF 69 FICARFRE M & 4 13.30~35.75 em’/g, 5 2 63t
FER AT AR AN B P W 2 B I A X R M LU P 5 AN AR S
H7 T KB4 T IR S A AR RR ] 249 91% A £, 0.38~0. 76 nm #435L 25 H 32 A4E 69 F 12 R I 4k
b BB MAE A9 41, 27% ~55. 32% 4L XQ MEAE oy T ok R @A ey R AE R |, 48 LA 8 X
R 6 kB A AR R 249 73. 74% ,0. 38 ~0. 76 nm #3LLE IR AL 69 TR R AL H &b BRI A
N 37.51%,
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Main occurrence form of methane in coal ; Micropore filling

CHENG Yuanping'*,HU Biao'*

(1. School of Safety Engineering , China University of Mining and Technology ,Xuzhou 221116, China; 2. National Engineering Research Center for Coal Mine
Gas Control ,China University of Mining and Technology ,Xuzhou 221116, China)

Abstract ; The form of methane storage in coal is the characterization of its adsorption capacity and the basis of meth-
ane diffusion and seepage studies. Therefore , clarifying the form of methane storage in coal is of great significance to
coal mine gas extraction and disaster prevention. Based on low pressure N, adsorption and low pressure CO, adsorption
experiments ,the quantitative analyses were performed on investigating microscopic pore structures of six coal samples
with different metamorphisms. A methodology for quantitatively characterizing the methane adsorption capacity of coal

samples was proposed according to the investigation on the optimal adsorption equilibrium of methane in coal based on
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the theory of micropore filling and monolayer adsorption. The reliability of the theoretical results was then verified by
the optimal methane adsorption experiments and the characteristics of methane occurrence in the pore structure of dif-
ferent scales in coal reservoirs and the control factors of its adsorption capacity were obtained. The study reveals that
the methane adsorption capacity of the 0.38-1. 50 nm pores in coal is mainly restricted by the micropore volume, as
for the pores exceeding 1.5 nm,the methane ad-sorption capacity is controlled by the pores’ external surface area. The
volume of micropores of the six samples is 0. 028—0. 065 cm’/g, contributing 66. 1% —96. 6% of the total pore vol-
ume ,and the specific surface area of the mi-cropores of the six samples is 75.4—197.3 m’/g, contributing 82. 8% —
98. 2% of the total specific surface area. The adsorption capacity calculated through the micropore filling methodology,
the external surface area of micropores and theoretical optimal adsorption is 14. 50-32.27,0.01-7. 31 and 16. 13-
33.35 e¢m’/g, respectively. The optimal adsorption capacity obtained through the experiments is 13. 30-35.75 ¢cm’/g,
which displays a good correlation with the theoretical calculations. The evidence above indicates that the methane in
coal is mainly stored through the form of micropore filling. Five out of the six investigated samples’ methane adsorption
amount through micropore filling exceed 91% of the optimal adsorption capacity ,where the methane adsorption in the
0. 38-0. 76 nm microporous structure accounts for 41. 27%—55.32% of the total amount. As an exception the methane
adsorption amount through micropore filling of XQ sample contributes 72.73% of the optimal adsorption capacity due

to its adsorption on the external surface ,where the methane adsorption in the 0. 38-0. 76 nm microporous structure ac-

counts for 37.51% of the total amount.

Key words : pore characteristics ;methane ; adsorption ; microporous filling ; monolayer adsorption
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Table 2 Parameter settings of low-pressure N, and CO,

adsorption test
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A FVBAEE AR AT (RRAS 4.0) MR RS A
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Table 3 Common analysis methods and their application
scopes of low-pressure N, and CO, adsorption

isotherm data!>™>!
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TR AL B 14 AL R A5 T 2 R 0 W e I — R R
AR R 350 — W52 B 5 [ 4H B A FH 169 50 7 B Re B 2 11
XSO T 1 1) A5 T 2 5 R 22 LAY o ) e o
SIS SRR Z A1) 56 22 0T DL T SO o A5 IR 28 0 e
kg >0,

N(P/P,) = ixN(P/PO,W)f(W)dW (1)

K N(P/Py) Jy 5250 W B 58 25 W oL SE s N (P/
Py, W) HHEILTE N W IR B SRR L f(W) LR
i PR

(1) BT BAF IR R A T AT A < B — L
Bt SR T LA B AT THE — 2 FLAR Y Bl P B AR X 53 A
FOW) o 3% B 7 pR BRIS BLH AT A5 31 45 2 R 40 (W
B30/ IR BRE I ) B9 N(P/Py) AR G, SR
PRk £ e/ N T ARE T (1) AT A K A, 3R AR
T R A FLAR 2 A R AE

BET J7ik# 85 T /8 P/P, 7% 0.05~0. 35 [
R B | S R0 B 2o L 5 =2 e
[ AN ST PEAR B K s | b T B2 R i 22
JZWEREBTBE, R, MR BET J7 R4S R LS
B S per ) FEHE BR GUFL I TE AT A 53 5 FL B 14 S0 3=
TR, AL HE AR 2 5 A AP 1) 4B A1 3R 1T (G FR A H
FMF) P BET ARH

(Py=P)[1+ (c-1)(P/Py)]
Horbr Q W5 Q,, AR R mAT I L T2 R
o3 F B BT 5 0 55 W BN FRRE DG 1 8 2L, % BET
W B A5 i X 4 S etk R X
P _ 1 emlP
Q(Py-P) Q. Q. P

LLP/[Q(P,—P) % P/P M, e PERLA 375
] BT RRAREE 1/(Q,¢) FIRER (e=1)/(0Q,¢),
RIS HE R R Q,, .

QmNuaes(NZ)
Sger = M(N,) (4)

K, N, BT ER A 2 5 %, B 6. 022107 54, (N,)
LA R AT TR B SR T 7 Ry A R R,
0. 162 nm™ ™ ; M(N, ) HEHIAHXF 0 F i i,
1.3 HRERRERMEIE A E
13,01 AR FF o IR B 5 AL

FHJGE M BRI T v R o S A e I R 7 2
R34 o Sk R AR DR 2 2 A R R 5 SR
T3 Z IR A Ak 56 ZR TS SR IR A FR e 1 24 T
S DU 2 A o v R R T D AR AR 7 R o o
rh 5 i R AL ARAS AN [R] 18 1 0 254 T JREAE 1 B HR
Bel i S VT IR A R PR R A
7 AR B 3T W B 5 i W B ) 2 S 0 R 48 KDXT 1T
18 GB/T 19560 M KL B 0. 18 ~ 0. 25 mm EFETE
30 CURBET A e o R AR R Rt 42, e i
MR BN 1 R SR R R BT LT
PRAA TP IR T TR AR 5 B TRIREE N 60 °C, T
(] 4 48 h; TG K 60 o MHERREL RS 2 S50 R 58 1)
BFURE A FH 23— 250 X6 W o A T s A B 22 S GE
AL RE HEZS (B R TI SR IR A s il
TR I AT VA e S5 i 2 B ot e il K

JRREFESS & A R AE 2R 72 v X6 F o SR A i
B2 2 5 I B R 37 3 T RE N D S R
A () R 2 300 I SR O o 3 380 S A PR 285 0 T PR T 5
BSHBESR(n) ) 222, RIENFE S § ARG 853
T X R G2 (8 R B 2

Mg =m = n (5)
0 P?t:,ine Pgd,ivad
=" + 0 (6)
Z..RT 7, ,RT
1
1 _ Pﬂd,i V +V 7
n’i _Zl RT( re ad) ( )
ad,i

SO P, 20 AR i AU B AR 0
Bl A PP R S 7 D R4 7 B P P 28 P



www.chinacaj.net

I35 - AL TS —— b H Be 9 3= ZERAFE 5K 2937

w
f

SFHFEH
H

(b)
BT RIS - i R R

Fig. 1 Schematic diagram of adsorption experiment apparatus

and test process
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Fig.2 Tnfluence of different adsorption behaviors on methane
adsorption capacity in coal
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Fig. 3 Schematic diagram of the limit CH, adsorption

equilibrium state in coal
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Fig.4 Numbers of CH, molecules in sections of cylindrical micropores with different sizes
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Fig. 5

Low-pressure N, adsorption/desorption isotherms of coal samples
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Fig. 6 Pore size distribution characteristics obtained by low-pressure N, adsorption
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(LA Le 2 T RS BH v T A 5 A i, R
F4 EEGSHMERZOMTER

Table 4 Analysis results of low-pressure N, adsorption

isotherms
BET J51% DFT J51%
s
SBET/(mZ : g_l) }'L‘rg/(Cms : gil) S/(mz : gil)
DN 3.639 0. 006 3.264
XQ 24.539 0.021 19. 033
TY 2.601 0. 004 1. 989
ON 1.719 0. 004 1.372
PB 4.744 0.010 3.942
HSW 0.317 0.001 0.252
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Fig. 7

Low-pressure CO, adsorption isotherms of coal samples
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Fig. 8 Pore size distribution characteristics obtained by low-pressure CO, adsorption
x5 HBKEALZEANMESILBINERRAKITESER
Table 5 Stage total pore volume and equivalent total pore length between adjacent critical pore diameters
fLiz/ BB AL/ (107 em® - gl ) BB s ALK /10° m
nm DN XQ TY QN PB HSW DN XQ TY QN PB HSW
0.38~0.76 41.731 23.588  23.499  23.600 19. 064 13.714 163.622 92.487 92.134 92.532 74.746  53.770
0.76~0. 82 3.360 3.393 2.914 3.632 2.744 3.162 6. 859 6. 925 5.948 7.413 5. 601 6. 454
0.82~0.92 3.953 3.230 3. 006 2.718 2.251 2.870 6. 653 5.437 5.058 4.575 3.789 4. 831
0.92~1.03 3.425 2.390 2.341 1.733 1.394 2.003 4.590 3.202 3.137 2.322 1. 869 2.684
1.03~1. 14 3. 094 2.070 2.042 1.503 1.183 1. 697 3.348 2.240 2.209 1. 626 1. 280 1. 837
1.14~1.26 3.206 2.107 2.079 1.483 1. 157 1.710 2.836 1. 864 1. 839 1.312 1.023 1.513
1.26~1.37 2. 850 1. 861 1. 835 1.327 1.014 1. 499 2. 100 1.371 1.352 0.977 0. 747 1.104
1.37~1.50 3.054 1.985 1. 969 1.418 1.113 1. 596 1.903 1.237 1.226 0. 884 0. 693 0.994
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i AR E 1R 0. 38 nm A1 1. 50 nm 1 311k
FKESE W4 0.33~0. 38 nm F10.38~1.50 nm i
Rl N G B BEFL B A HE R AR S B0 S B K 6,

F 6 BITRIEZ SRR BT EIRAT RY B e AT SR AL A0 AR AT
EMALBENILEERFRERER
Table 6 Pore volume and specific surface area of accessible
and in-accessible pores obtained by low-pressure

CO, adsorption

0.38~1.50 nm 0.33~0.38 nm
£Te L&/ RIE/ L%/ K/
(em® gy (m?-g") (em® - g') (m?-g")
DN 0. 065 197. 284 0. 008 49.741
XQ 0.041 118.285 0. 002 9. 605
TY 0. 040 116.793 0. 001 8.315
ON 0. 037 109. 510 0 2.583
PB 0. 030 90. 742 0. 001 6.206
HSW 0.028 75.369 0 0. 803

53 4 TR U B AR AR I FLAS TN L
TS B TF H A B, a0 — S A W B 3Rk A
R FLFL 2 0 b 2 T R v 1 R0 B | R i 23l
it DFT J7 84K 15 BORFL B 2 1 B L 4203 ik 31 A
() HE 2 T AL 5 ~ 240 fi%, il ad DFT 5 k4R A3 19
0.33~1.50 nm fLEFFEZS £, DN B A A v] 42
il FL B 5 AL FL A 11. 63% , (B H M AL A
IKE) 20. 14% , 16 I B 4l fft I A — S P e W B 1
FRAF A FLBR IR HE 2 B AE 0T Y Jo 14 W B T ek B
SRESZMER T 1. 50 nm FLPRZEA 1w A5, (0 i T
TFLZS A FE S b 5 4 3 T (R — S A B
PR B A R RE A FLEE (0. 33 ~0. 38 nm) {5 7] AE T3
Al R RE ST, 55— T, BV R FLFL 2R L e i
TSR] LA i (RS FL IR A8 JLART R 1 A B 4, (H
A AN T B e BT =X 4 BRI S A e R o3k )
0 L FL 25 115 DN R RE B Be 0 B AE 0 A

11. 619% , i ¥ FRER AR TH 50 25w il 20. 14% , B0
] Hfizs FH AL B 25 FEURN B 2 i RROGT JH: Y o W% i B 7 32
FiXt AR S R ZE B R A . L, ZERF 5T IR
FH e IR B R S 15, A BB L2 X6 FE L BRARAE S48, 75

SRS FL BT T I 1 A ¥ B DB P e 4 A I
HAATIRABIIE,

2.1.3 LB BEI B RE ) T

P38 AP 2R BT AR AR i A1 B 3R T B A
(1), FRAFHERE S L 2 11 FR LA BRLJ2 W O > B
W B R BE ) o B TS R LR 7, i 7 AT L
A, 5 ARSI L 2 TR B 2 S BCR 0. 254 %
10" ~3.795x10" , 1M} XQ MEAE H 4 e 22 1w BRI
B4 T %505 19. 631x10"7

RT SMRERRIR A RIS F A
Table 7 Numbers of CH, molecules adsorbed on

the external surface

SR DN XQ TY QN PB HSW

N,./10" 2,911 19.631 2.081 1.375 3.795 0.254

MRAE 5 R AL AR Y FE P B B B A LA AN
T (15) ~ (17) A AR S FLAR 17 58 W B DXk A 555
W B DX 3 5 40 1 R e o0 R TS A SR Lk 8.
K 8 FTLIE 8 DI B 0.38~0.76 nm MY
AL RE 5 25 40 19 W Je o0 AN B0M 16294 x 107 ~
49.582 x 10", &5 fil FL & W B & 4 F A R
41.53%~57.25% , 3t 1= T H A B B, AR % SONG
USSR A A TR B — B8 3 FL Bk 4 W B R R ) FE
St IR BFFASEFOL T 00 205 SR | FLLBR 6 32 /N P e HL R
I A 255 R 2 P 1 R AR 08 R 3] — 2 A PR W Bff i
BT 07 14 R 6 FE 7 8K, F T 0. 38 ~ 0. 76 nm P11
FACAL R R 5 7 110 R B 34 B e, % B FL BRI o EL 1Y
MrhES P BRAEE TR,

R 8 AR R~TRFL L5 AR BR IR B B e 53 F 41

Table 8 Numbers of CH, molecules adsorbed in micropores with different sizes

LAz, N,p./10% Ny /10"
nm DN XQ TY ON PB HSW DN XQ TY ON PB HSW
0.38~0.76  49.582 28.026 27.919 28.040 22.650  16.294 0 0 0 0 0 0
0.76~0. 82 4.157  4.197  3.605  4.493  3.395  3.912 0 0 0 0 0 0
0.82~0.92 6.048  4.943  4.599 4159  3.444  4.392 0 0 0 0 0 0
0.92~1.03 5.563  3.881  3.802  2.815  2.265  3.254 0 0 0 0 0 0
1.03~1.14 5.073  3.394  3.348  2.464  1.939  2.783 0 0 0 0 0 0
1.14~1.26 5.157  3.390  3.343  2.385 1.860  2.751 0.859  0.565  0.557  0.397  0.310  0.458
1.26~1.37 4.454 2,908  2.867  2.073  1.585  2.342 0.636  0.415  0.410 0.296  0.226  0.335
1.37~1.50 4.613 2,998  2.973  2.142  1.681  2.410 0.577  0.375  0.372  0.268  0.210  0.301
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AR (18 ) 445 oL 5 AL BRF DX 3 AL 553 VR BfF X
S AN A b 2R T ARG 5 DX P 8 IS PR B PR o 19 4374
KA PR AR ST BN BT Sk A R PR 2 o FR 5 1
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FF B P W B T AR, - R o L 2 v A 2 W o o
RE I HEA XTS5 SR AN 9 FIE 9 B, 6 AR
AL e T8 UM B B i (V,  + Ve, ) K 14,60 ~
32.27 em’/ g, A AR T AR 2 W B g 124 0. 10 ~
7.31 em’/g (V,,), G W BB bE &b 14.69 ~
33.35 em’/g( V) o 5 MHEREGICFLIE 898 2 B e
S b R B ot £ L R 91, 25% ~99. 36% , XQ H
BT HAM SR TR, S0 3 TR 2 I HE o
K 7.31 em’/ g, S A 5 ARSI LU R AR B2 0% B
it 5. 18~78. 78 ¢, AU ALI 5 I M B FH o & oty 58
I B P o 8 LU A9 Ry 73. 74% ., 1 B kL S 7 2 A o
HBE I 3 A7 7 =X

R 3 AR KR B 452 43 F 4R PR R B &

Table 9 Ultimate adsorption capacity of CH, molecules

in the three adsorption regions em’/g
EERe) Vit Vit Vi W
DN 31. 497 0.771 1. 083 33.351
XQ 19. 995 0.504 7.305 27. 804
TY 19.519 0. 498 0.774 20. 791
QN 18.073 0. 358 0.512 18.942
PB 14. 444 0.278 1.412 16. 134
HSW 14. 191 0. 407 0. 094 14. 692
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Fig.9 CH, adsorption capacity in micropore filling and
monolayer adsorption forms
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HR AR AR ARG R v, F P S5 SR

10, 6 HERE B v i 45 1R 2 BT BRI 45 4 1 £ 5 B 2
IR &M FRIBA, S MMM R KT
0. 99,1 TY HEFEMAHOC R ECH 0. 96, 6 A~IEHE T H
e BRI BBV, R 13.30~35.75 em’/g, R JE
J3 P, 4 0.61~2.50 MPa,
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Table 10 Measured Langmuir parameters of coal samples

P Vo/(em® - g P./MPa R2

DN 35.753 0. 607 0.999 4
XQ 28.760 1.581 0.995 8
TY 21.739 2.500 0.961 6
ON 16. 461 1.197 0.997 9
PB 14. 465 1.296 0.995 6
HSW 13.296 1.855 0.998 2

3 B RREmEFETITR
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AT 3 DA A R LB ) R TR, LR e
W FHRE R0 (BB H e o0 0 LA B2 R
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WEHEABIMAL L R S, RSN R TR Sy, AR
1), (18) FRAF TS AREAE FL B 25 44 v FE o il B it
B G
Sper +S
N.S..(CH,)
Ao, W o SE A BT HE W AT A R TS e R
W BRI FREAE 775 S, MR 0. 38 ~ 1. 50 nm ffLAY L
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B VIS STME AT X e, 5 SR 11 ffR,
1L AT LU S AR o )23 0 R 389 R % T AR AR
BERY e i IR W% BRE B8 O L S (B 52.97% ~
118. 02%,, #+7% REAN AT $E Ml FLBR A F e B, Al He
B St —20 BT, PR TRIFLAR 8 RN s e L
B RE 1 B P P R BT AR 4 L R A, Rl 2 fL Az
BN B, R TR N SEBR RN TR, R I B
2l FH 2 1A RS B AE AR X FP o 1 A R O o it
SEAREIEE  BIIERA T4 AR ORI RE 58 44 BR o 2 I B
AELEH e, (H TR B R WG BT R JE T B
W B, L A AE R T 1,50 nm (LR Z5 4, iX
S RGeS I BRI T B2y [RIBE (U BET
i EAAFIY Sy FEAEIERE 1 Y S8 I8 R B gt S AS T
FER, EARBI IR R T A AR o
3.2 HRSTFRFAEFRHTEENE

6 MHRRE I A AT R BV AR AR 1 S L AL 2

V=224 x 1000 x (19)
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