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Abstract ; The coal structure affected by geological factors can affect the gas production capacity of CBM wells, and un-
der the actual geological conditions, coal reservoirs often contain methane, so the mechanical properties of methane
bearing coal bodies are closely related to the effect of reservoir fracturing. By means of industrial analysis, element
analysis,"” C-NMR and XPS, the molecular structure characteristics of Sihe anthracite in Qinshui Basin were tested
and analyzed ,including element composition , atomic ratio,type and distribution of functional groups. The macromolec-
ular structure model was established ,and the carbon content and density of the model were in good agreement with the
measured values. The adsorption capacity ,adsorption site and adsorption heat of methane in anthracite were simulated
by Monte Carlo method,and the adsorption configuration of methane in anthracite was obtained. The results show that
the saturated adsorption capacity of methane in anthracite is 22.4/cell ,and the Langmuir pressure is 1. 12 MPa. Aro-
matic carbon, pyridine nitrogen , pyrrole nitrogen and carboxyl group in anthracite model are the main adsorption sites
of methane molecules. The isothermal adsorption heat decreases logarithmically with the increase of adsorption pres-
sure , which indicates that methane occupies the high-energy adsorption sites on the surface of anthracite at low pres-
sure. The adsorption heat of anthracite is between 22. 65-25. 00 kJ/mol, far less than 42 kJ/mol, which belongs to
physical adsorption. Molecular dynamics method was used to simulate the mechanical properties of anthracite. The
effect of gas content on bulk modulus, Young’ s modulus, shear modulus and Poisson’ s ratio of anthracite was quanti-
tatively studied. The results show that the bulk modulus, Young’ s modulus and shear modulus of anthracite decrease
logarithmically with the increase of gas content,while Poisson’ s ratio increases linearly with the increase of adsorption
capacity. Compared with the anthracite without methane,the bulk modulus, Young’ s modulus and shear modulus de-
crease by 38.5% ,24.4% and 27.1% respectively, which indicates that the adsorption of methane can significantly
reduce the mechanical strength of anthracite. The mechanism is that the volume and expansion rate of anthracite in-
crease exponentially with the increase of adsorption capacity ,which makes the interaction force between anthracite ma-
trix decrease,and then the strength of anthracite decreases and the ability to resist deformation is weakened. The van
der Waals energy of anthracite decreases most in the process of adsorption of methane, which indicates that van der
Waals energy is the dominant factor to maintain the stability of coal structure and mechanical properties.

Key words : anthracite ;molecular structure model ; Qinshui Basin ;adsorption ; Monte Carlo ;molecular dynamics
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Table 1 Proximate and ultimate analysis of anthracite

sample %

Tk 53 #r LRI

A M 14 C H 0 S N

5.21 1.65 6.12 86.52 5.648 6.741 0.42 1.04

K1 TC A BERE A9 C - NMR 1 43 304 il 42
Al LA TCHERERY " C-NMR $iE 43 5430 3 A4~
FHE 5 15 24 (aliphatic ) W, L2467 5% 0 ~ 90 x
107 ; 75 48 2% (aromatic ) W, b 2A L FE7E 90X 107° ~
165x 107 W H B (C = 0) W, b #7 B AE 165 x
107 ~240x107°, J5 KR WE A 5 B L M 2 0 R ik
FER UG A5 FE K 22 X U SR TCHRRERE KA 145
P 2B 55 R AL A, T 10 SR R S Bk
Ealp e A R (B I 0 i o 7 e S B e
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Fig. 1 "“C-NMR spectral peak fitting of anthracite sample
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Table 2 “C-NMR chemical shift attribution

x5 b2k /1076 HREH 28K
0~22 F 3L (—CH,)
22 ~35 3L (—CH, )
IELIES 35 ~40 WH 3 (—CH)
40 ~50 Zhk
50 ~60 43k (—OCH;)
60 ~90 i BE(R—O)
90 ~ 129 BT
b 129 ~ 150 Bt o5 e e LR DT ik
150 ~ 165 RISk
s 165 ~ 190 FRIE WKL (CO0—)
190 ~240 [[ENTNES

®3 TEE"C-NMR EHSHITHER

Table 3 Calculation results of *C—NMR structural parameters of anthracite %
i i A i n i fi i Ja Ji i L
93. 05 0.74 92.31 48. 81 40. 50 3.48 9.55 30. 47 6.95 4.15 2.30 0.50
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Fig.2  XPS spectrum and fitting curves of Cls,N1s,S2p of anthracite
x4 TRBEREFIHEEHE *6 THRERSFEENBTEEN
Table 4 Distribution characteristics of hybrid atoms in Table 6 Aromatic structure of macromolecular model of
anthracite anthracite
IC B 25T e T RUE S b g B e
LR a7 AE/ev  ETEA T/ % ety MM | EEcH NH | Bask S
C=cC 284. 8 81.30 AN
r J
o c—C,C—H 285. 4 9.76 IR 2 Y !
° c—0 286. 3 8. 13 B N
c=o0 287. 5 0. 81 = Ll C ) o g
&AL 397.3 13. 00 ~F
e 398.8 18.43 . 1 () 1 2
Nl1s N % 220 400. 2 30.21
E=2 ) 401. 4 19.94
AEA 402.7 12.08 .
o o o L3 FARARM B A R R R
: BEVBR 164. 1 88.30 T3k g WE 58 AR A 2 AL A b R B A AT
el I, 2 & i@ o Materials Studio %X {7 /7
x5 FARBEASFEREHENSH () Sorption HEH , K 5451 % (GEMC) 3 MF 58 FH 45
Table 5 Parameter of molecular model unit of anthracite TE T A B A RS S35 COMPASS,
JEF I A JEF L EALH J71:h Metropolis , Quality 2 Customized , B, F- #H17E
H/C 0.366 N/C 0.014 ALY HIR H Ewald 1 Atom based Jr ik #E1748 11
0/C 0.059 s/C 0.014 AbSE AL 1107 26 R 5x10° 6 ] Tk R ik
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Fig. 3 Structural plane model of No. 15 Anthracite in

Qinshui Basin

K4 07K TSI R S5

Fig. 4 Macromolecular structure model of No. 15 anthracite

in Qinshui Basin
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Fig. 5 Comparison of plane model spectrum and solid state

nuclear magnetic resonance spectrum of anthracite
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Table 7 Element content,density and pore volume of anthracite in simulated calculation, experimental measurement

and theoretical range

TER BRI B % P/ FLURY
jj‘% -3 3 -1
C H N 0 S (g-em™) (em” + g™)
X 86.6 2.44 1.33 6.58 0.38 1.526 0.018 6
S 86.52 2.65 1.04 6.74 0.42 1. 390 ~ 1. 760 0.016 4
IS 86. 36 ~ 88. 40 0.8~4.0 0.5~3.0 0 0.1~10 1.300 ~ 1. 700
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P 6 Sk o6 7 T KR ARE r i 0 o2 Bt e g 7 28 £k
M2k, RTLUE Y, B e e TG KR rp g B S e e
T RGE AL L, 754 Langmuir BRI TR
P, M1,5,10,20 F130 MPa B}, FBe 78 JC AR b 6 1%
i v, 43508 9. 64 ,15. 64 ,17.68,19. 67,21. 03 4~/
o, S RS TR e AR, £F A Lang-
muir B8 383 Langmuir £ 806 B8 64T 4005 15
B R E TE G AR B A R B A 2204 A/
B@,Langmuir JE 1M 1. 12 MPa, & 7 2 20 MPa B FH
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Fig. 6 Curve of methane adsorption in coal with pressure
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Fig. 7 Adsorption configuration of methane in anthracite at

20 MPa
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Fig. 9 Curve of isosteric heat of methane adsorption in coal

with pressure
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Table 8 Mechanical parameters of anthracite with

different gas content

R WREE  pERiE BYIELE HEL/N
(4 - By K/GPa E/GPa G/GPa v/GPa
SR B PR 6.97 5.45 1.99 0.32
9. 64 5.13 4.98 1.86 0.33
15. 64 4.95 4.72 1.77 0.34
17. 68 4.76 4.64 1.76 0.35
19. 67 4.40 4.28 1.58 0.36
21.03 4.29 4.12 1.45 0.37
7
6 [ [
L
<5
& = R EK
g4 emisER
85 ARG
iy * AL v
)
‘N
1 =
L . + S
0 5 10 15 20 25

W BB/ - BRI

BU10  JOUAHE Y T 2 2 B R H A 22 At £
Fig. 10 Curves of the mechanical parameters of coal

with the adsorption capacity
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Table 9 Energy comparison of anthracite models with different gas contents kJ/mol
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