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Effects of coal molecular structure on adsorption and diffusion behaviors of
coalbed methane
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Abstract: The effects of microcrystal structures, such as the extension of basic structural unit (L,) and the number
of basic structural unit (N), as well as the surface structures including different types of defects and
oxygen-containing functional groups, on the adsorption and diffusion of coalbed methane were investigated. The
adsorption amounts were simulated by using the Monte Carlo (MC) method, and the diffusion coefficients of
coalbed methane were simulated by using molecular dynamics (MD) simulation. All of the simulations were
conducted in the condition of 303 K and 10 MPa. It can be concluded that the adsorption capacity of methane on
unit mass of coal decreases with &V increasing, as well as the existence of defects and oxygen-containing functional
groups. The diffusion coefficient of methane increased with L, extending and shows a complex process influenced
by increasing N. The existence of single-defect and C—=0O was favorable of diffusion of coalbed methane. The
coalbed methane was easy to diffuse in larger pore of coal. Finally, the micro model of coalbed methane diffusion
for the coal particles of radial heterogeneous was proposed base on the micro-influenced factors and macro

performance of the migration of coalbed methane.
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Table 1 Microcrystal structure parameter ranges of coal
Ref. L, /nm L. /nm Li/L. N n
[21] 1.1011—4.2175 0.9281—3.8679
[22] 4.3950—6.4130 2.2550—3.9540 1.34—2.30 6.25—11.35
[23] 1.5932—5.7137 1.5714—2.3910 0.82—2.87 4.26—6.83
[18] 1.1011—4.2175 0.8551—3.8679 0.29—2.34 2.24—8.40 18.3—267.8
[16] 1.7254—2.4489 0.9011—2.5172 0.97—2.00 2.35—7.20 44.8—90.3
range 1.1011—6.4130 0.8551—3.9540 0.29—2.87 2.24—11.35 18.3—267.8

(¢) 3-9X9-V1

(d) 3-9x9-OH

B R S

Fig.1 Models of microcrystal structures of coal
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Table 2 Microcrystal structure parameters of established

coal models

Model L,/nm L/nm L)L, N n
3-5X5 13.642 10.2—11.4 1.20—1.34 3 75
3-6X6 16.053 10.2—11.4 1.41—1.57 3 108
3-7X7 17.903 10.2—11.4 1.57—1.76 3 147
3-8X8 20.313 10.2—11.4 1.78—1.99 3 192
3-9X9 22.164 10.2—11.4 1.94—2.17 3 243
4-5X5 13.642 13.6—15.2 0.90—1.00 4 100
5-5X5 13.642  17.0—19.0 0.72—0.80 5 125
6-5X5 13.642  20.4—22.8 0.60—0.67 6 150
7-5X5 13.642  23.8—26.6 0.51—0.57 7 175
8-5X35 13.642  27.2—304 0.45—0.50 8 200
9-5X5 13.642  30.6—34.2 0.40—0.45 9 225
3-9X9-V1 22.164 10.2—11.4 1.94—2.17 3 241
3-9X9-V2 22.164 10.2—11.4 1.94—2.17 3 240
3-9X9-OH 22.164 102—11.4 1.94—2.17 3 240
3-9X9-COOH 22.164 10.2—11.4 1.94—2.17 3 240
3-9X9-OCH;  22.164 10.2—11.4 1.94—2.17 3 240
3-9X9-C=0 22.164 10.2—11.4 1.94—2.17 3 240
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Table 3 Void volumes of coal in different L, and its

adsorption amount of methane
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Table 4 Void volumes of coal in different /V and its

adsorption amount of methane

Model ’;’gce“ iiojl N -Vrl.c.’] /1]1\.]:?51 /cm];]cfcg’I Model ’7;’” tlojl VP/A3 /1]1\.,:&1 /cmjye):cg’1
3-5X5 4.30 3184.70 26.67 152.33 3-5X5 430 3184.70 26.67 152.33
3-6X6 5.87 4136.79 35.61 150.94 4-5X5 5.73 3232.82 26.25 110.63
3-7X7 7.68 5206.73 45.96 150.64 5-5X5 7.16 3283.33 26.54 89.27
3-8X8 9.76 6410.54 57.07 147.90 6-5X5 8.59 3382.86 26.74 74.04
3-9X9 12.03 7731.10 70.01 14835 7-5X5 10.02 3385.76 25.95 60.43
Note: u.c. is short for unit cell. 853 1146 SAILT3 2489 49-24
9-5X5 12.89 3389.87 23.98 41.32
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Table 5 Void volumes of coal in different surface structure
and its adsorption amount of methane
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3-9X9 12.03 7731.10 70.01 148.35
3-9X9-V1 12.01 7777.89 67.84 141.46
3-9X9-V2 11.99 7755.33 68.74 144.70
3-9X9-OH 12.02 7690.37 67.66 141.51
3-9X9-COOH 12.07 7667.82 67.17 139.66
3-9X9-OCHj3 12.05 7661.76 66.84 138.97
3-9X9-C=0 12.04 7718.98 67.37 140.13

TR FR 2 A PRI B AR k2, B A TR B 2 AT
W 4 Fios, FEARF 55 & S HER)Z B o1,
F S F G SR 43 I R U B B N =3 B
15233 cm’ » g RS N =9 B 4132 em’ = g,
FLAEHER)Z B R i PR R 38 T B 2

2,13 #efaR a2 E A XA ERRZ6F
B, AT ERFCE R EAFEAN R K
SR eI F BRI R R, XS
SRV B AN A B RS RO o HEAT T e TR
BERD T IR . AR NS T2
AR B Xt FF e A AR 7 P 4 e R o R A AR B
W 5.

e e 25 2 A7 AR o T 2 BRAA AR
ISR, BGRRE . YRAEBLEE R T 1 A Bk
T4 7777.89 K1 775533 A, HARME i 14>
TR 3-9X9 (7731.10 A?), S BRI T
ST I BRAAFRAE 7661.76~7718.98 A® Y FE iy,
PARBAR T 7 1AL 3-9X9,

Xof EE 28 o I B TT DA IR, R R SR
RIAFE 2 {8 B it R R R B P R e 40 T30, 32
A R TR T F B S AR 7 BT BT s 982 7

>
% B

El

I %



6 ]

EFRE: M T AR RN 59 BT 9

* 2553 -

B, 5368 R ot (10 368 A0 B Bt 0 |l T AR T
SERI AT R AR KAk, (BRI LG, B
AL B T FRGE AR (IR B AR A B T e
RS 3-9 X9 HR LA J5T B RN R B A
(VAN &R 148.35 cm® » ¢!, Hi%Y 3-9X9-V]
F3-9X9-V2 X} Bt 43 F [0 8 A B = 4 il
141.46 F1 144.70 e’ « g #57 3.9X9-OH. 3-9X
9-COOH. 3-9 X 9-OCHj; 1 3-9 X 9-C=0 %I F /31
1) R AT B & A 141,51, 139.66. 138.97 Fil
140.13 cm’ * g,

PRI, A BRIA R R A7 R I 22 B 5
H5E 2> T BB, X5 Hao ZEPMRGWLS —5, %
R SR AR PR i, LR 2 1 W P ot
PR . RIS AR 223 — R B (1) BT B R0 N ) 4
RIEA G, & KKBRARLE 4 fe A S M &
B, REa B, FECH RS ET R
3 S5 A 8 R R R R A A B K I 2 R
M, AORAEBS LIRS
214 el EARMBENTEN B T5
P95 B OCRE R FE . 05 & HcHER) 2 HU R
THMBEA S AT R R E N R, MET 17
ANAFRIRE Y TR, B AR FE 450 R H
SRS TR HE S, AT LS B2 ma =S
O s i . e, S5 A B HE JE
ok AP 5 TR P IR AR st SRS i IO 2 A ) 248 T VR
By 07 A R CHEWZ B8 I ORI ) 4 RO R
Wi 2 A AT P B AR, 95 B BTG HE
JEE A2 5 M AT I B IO 2 R R PR AR
T B 5 5 i B G HERY) 2% 501 189 0 B = T R B Y e
FMAFAE, BT B IR 2 A IR PR AR R 20
WK, BEBIREET, Eorrhiap
O R J2 51 725 1 XoF R B S P S T A K

SR, FAIEE R — 5 TR R 1 0 4 25 WA (1) 3R
G GREERE, ST A R ICAE SR IR
BN, T T R PR B Y, i
EARTIBLGE AT by LRI 0254
FA MRS I EZEE R, &R
T 2 S R B B 1) R 3 AR AR LS
AN
22 BRESHTEITA

P AU E TR EERAN, N TRER
B, AL FE A A RE A — e SR O REA R fiE
Tt G B SR AR I8 L5 X 5 BN S SR IR B K
BRI, h T HE 2 T30 TR IR aa R AL, 15 %%

BN LRI B R ot 23 i (IO A A ) B AT
AFIFEERY K IEHUE o R S0 o 145
oy 5 A B TG HERY) 2 ORI 0 B BRL G AE A /N RS
B 3-5XS5, FHEFHICHEMEER KIBIEL 9-5X5
T 75 B BLOGHE JE P f R IR 3-9X 9, 3 NS
BT RE] 1 X1X 1, 2X 1 X1 M 2X2X1, 15
FH O N E A A FIRFEARS, /3 AT T
20 IR FEN SR % 6 S T B AP REA
HET AT A KR,

e B S SRR EIEIR 90 B, HdEv]
HEMECON S, FERICERE RN PR
HBE 20T H e D IR x-5 X5 36 R AEABUR T 90
W, TR KT 2X2X 1. B T ARIERT
A BT 3 1 S B REAEOR T 90, AN
WP R B T 0e BN 2 X2 X1 ISE R e Bt
[ EPNIOE LG ARIC

¥ 18 B AR B IS B s R AT o T Bh D1
REALL, AL 2544 303 K. 10 MPa, 53] 7 LAAR[H
FEFHEICIERIE . AN DT A R HER) E B R R A
[ R B R0 B U R RE IR BN A S R SS M d B R
#, WE7T.

Fz6 TRIMABTH HMABNEEH
Table 6 Qualified number of diffusion coefficient under

different number of samples

Sample number Qualified number

24 4
27 4
48 6
54 7
69 7
96 11
108 6
138 9

276 9

®7 TRRGWERTREHNT BAK

Table 7 Diffusion coefficients of methane in different models

Model /[r)n>2< 1 gf Model /[1)n>2< 1 le Model /Lr):; .1 (:i?
3-5X5 1.19 4-5X5 1.84 3-9X9-V1 4.39
3-6X6 1.93 5-5X5 2.77 3-9X9-V2 2.70
3-7X7 2.39 6-5X5 1.85 3-9X9-OH 3.06
3-8X8 2.92 7-5X5 1.75 3-9X9-COOH 2.39
3-9X9 3.19 8-5X5 2.06 3-9X9-OCHj 3.12
9-5X5 2.43 3-9X9-C=0 3.37
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Table 8 Diffusion coefficients of methane in different

vacuum layer
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