2022 4F W BFEMDE AL

124 3 PETROLEUM RESERVOIR EVALUATION AND DEVELOPMENT 455

51 AR A A Bh A L B LA L DU T AR I B ) S AL S 0]l RGN 5 9 K, 2022, 12(3) :455-461.
LI Jinghui, HAN Xin, HUANG Sijing, et al. Molecular simulation of adsorption law for shale kerogen[J]. Petroleum Reservoir Evaluation
and Development, 2022, 12(3): 455-461.

DOI:10.13809/j.cnki.cn32-1825/te.2022.03.007

A T AR MR 5 TR 5

ZRE E & ERE  AERERFE L RER,BALY
(LA EA ARG b Il 228 A i TR AR WFFE e, B i 1545 K55 8300115 2. AR HL T2 il <ttt K T & T REE 5
NS0, DI BAR 610059 ;3. BUHERER T R24REIR22 B¢, U1 BGAR 610059)

WE: N EARUCH A ERFEANAAENEFTHARKAL, L PHAMAEZA LA RN ENEZRE, Bk, R T
EWMEMNENAEATFRAETERRA, ARATECEGA TEHR, RETRHAN THERLTFTRELIA FHRRER,
K F AR T R FAE 7 AR CH A (1A T BeAR o B9 SO0 B AT o Ao L3R 2 52 e B3 30O T A AL, R —
FRRT A GREFE N SRIAT B, FF 8B R T OFLE MK, CH, A 3R M &M K R E 405, CH, B
FR M B E A CH X RN ELRFE FAREH T, CHEARMEL LA B TH QM FILZ MM, CH,
A ORI R AR E  CHL A T B AR B9 R AT B A B R M A E AN T 1 nm B, CH, 78 T B AR o OF % M AR
AAZ KT 1 nm BF,CH, 2 T B AR o 4 WM A8 5 Ui 55 40 2547 .

KW 0 T T 5 A T EAR WA R HLIE

FE 4 ES  TE3TT XEkARIZED : A

Molecular simulation of adsorption law for shale kerogen
LI Jinghui', HAN Xin®, HUANG Sijing’, YU Yangyang®, QIANG Xianyu®, GU Kangfu’, HOU Dali**

(1. Research Institute of Petroleum Engineering Technology, Sinopec Northwest Oilfield Company, Urumgqi, Xinjiang 830011,
China; 2. State Key Laboratory of Oil and Gas Reservoir Geology and Exploitation, Chengdu University of Technology, Chengdu,
Sichuan 610059, China; 3. College of Energy, Chengdu University of Technology, Chengdu, Sichuan 610059, China)

Abstract: Shale gas is unconventional natural gas, mainly CH, occurring in organic shale. The adsorbed gas is the main source for
later production of shale gas. Therefore, studying the adsorption mechanism of shale plays an important role in shale gas
development. By using type II kerogen molecules, a type Il kerogen model is established. Then, Monte Carlo method and
molecular simulation method are used to study the micro adsorption behavior and mechanism of CH, in type Il kerogen.
Experimental data are used to verify this model, and the effects of pore size, temperature and pressure on the adsorption behavior
are investigated. The findings are as follows: () The higher the pore size, the greater the excess adsorption capacity of CH,. The
higher the temperature, the lower the excess adsorption capacity of CH,. With the increase of pressure, the absolute adsorption
amount of CH, increases rapidly at first and then gently, and the excess adsorption amount of CH, increases first and then
decreases. (2 The adsorption heat of CH, decreases with the increase of pore size. The adsorption of CH, in kerogen is physical
adsorption. 3 When the pore size is smaller than 1 nm, CH, is the adsorption phase in kerogen; when the pore size is larger than one
nanometer(1 nm), CH, is the coexistence of adsorption phase and free phase in kerogen.
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Table 1 Physical characteristics of kerogen

G e S Bl

H/C 1.170

o/C 0.095

N/C 0.024

s/C 0.012

I 0.410
e v B SR B 7
AL YRR TN R 4
B R v ) SR 13

F2 P HIAKL-JBESH

Table 2 L-J potential parameters in simulation

YRR O
T fjﬁi T B Effﬁ
(nm)

e CH, 15.941 0.330 0.890
C 3.016 0.424 0.651
H 0 0 0.424
TR 0 0.957 0.341 -0.445

N 0.774 0.366 0

S 3.440 0.403 0




458 25

B U AR I BT LR A 23T AU

20224F
B2 H3

K2 CH, 76 T B AR i B 0 st o e 540
(R B S MDA TR AT 298 ~ 378 K AL
()R 1 6 B, JE 1A 5 ~ 30 MPaj i 41)
FFLAR I E A 1,2,3,4,5,10,15,20 nm.,

2 BER FH 52 R R % O B A TR O 5
CH4Y£ T A P I B AT R . B Materials Studio
([ Accelrys 28 R I & 0970 FALHEL A ) 1Y Sorption
W B R 58 B CH, 7 T i AR o A 2 BREASEADLAT: 55 , 540
P U R 25 DA 2 R R 0 i S 25 R
i 1A 2 388 B 35 BT WA R EAT 110725 1 P A A
B, 25 AR R VAT 1x10° 4 (4 5 FERE AL, 25 SR 43
F BT 1x10°48 o AL R v T g AR 3 [
A3,

I3 F AU S SRR T CH, Il 24
(T=190.55 K,p=4.59 MPa) , CH, kb F i llfi FLAR AP,
PRI FURAST, 4 XoF 152 o e R0 A 25 45 R 2 1
PROA G 22 . DRI, A B 4 o W B Ak R
BB, ARTERT ISR E5E ™ b AR

V=t (2)

Pad
e v, 4 X B, mmol/m?; v Ay 5 B 6
mmol/m*;p N TAHEE ,g/em’sp W IAHE L , ofem’.

1.4 EEIIGF

TR RIS A S CH, 7E T IR v 2 o 7% 52 56
25 REVHEAT 0 L TR S O ML 2R (T=338 K) Al
Barnett T %5 (T=338 K) X L&l , Barnett U1 75 T & AR LA
11 2T EEAR S 32, T DUR B 45 2R 5 e g 45 R A
IR IRZEFEHIFE 10 %N o 3 i TS PRAR
RUFLBR I A, SR T IR AR B — & 22001

—o— B - & - SEIRHR
. 0.004F
\E _ k- —
S 0.003F o =a
g
g
m]\m/JE 0.002
= 0.001F
8
_HU_Q 1 1 1 1 1
0 5 10 15 20 25 30
H 77 (MPa)

Bel's AREFDLEL 5 S 00 L ) A 50 PR X £ (=338 KO
Fig. 5 Comparison of excess adsorption capacity between

simulated and experimental values (T=338 K)

2 RIS
21 FETLE JE AT CH, 7T Bt o IR Bt s 500

K6 A ARTRFLEE T CH, 2 F 76 T B§ AR B 4 FL %
BF B SO S5 4 o AT L S B 2 LA (R 3G, IR A 7
TEEARBETE 1) CH, 2 A B Z SO FRAT
M AR 2 51 1 KTk B S AR I 5 | g, T I 34
B, S BRI B CH, %5 B v R CH %5 i FL
BRI LB G LA /N T 1 nm B, FLBR B A U
B CH AT MR KT L om I fLEEHAETE T 20
WD CH T, BEHTEARRFLAE Hh CH, 20 11
IRAEIR S ZES . KT AR LR T CH, W+
TR P 2 Xof UK ok T 2 A B T 2 PR, T L R B
ot Yof W B 2k I 2 R 7 %) P v TR A T A 0 o
FEFE T T R BIEAMA )G 88— KRAE, e K T
SYAGTE 10 MPa Z2 47, B A T T Ak Sty | W B et 5
BN RS &N BEE R T AT R, CH, B AR
W PEAR S S CH AR X 55 1 R T B9 R e 51 g 34
T A A i AR X A T B ST A CHL, W2 R4 D
55, BITE JI7E 10 MPa 22 b i, W Btk S i sl 20

22 FEIRE.EHT CH, T ER IR 1 H00

[l 8 Ay AN [ L JEE T F8) 286 ok W% RS0 701 245 R o e
T ZE I . LA T nm Sy B8], A [7) 38 P55 ) e 450 R o A
KA I AE 0 B KR S35 10 MPa 2247, IF FLFf 25 T
JE P4 T T ARG, TR O 298,338, 378 K )R 41
W2 114 e B3 914 0.004 351,0.003 813,0.003 295
mmol/m®; CH, 14 20 X W5 [ i 25 P g 1 1 im 35) S22 30
T LA A RS IS, B AR 2 TR Y T
N, DL RS SR UL R — 2 LT L

K6 AL CH Zr 716 T B B4 £L
W o B TOUL 454

Fig. 6  Microstructure of adsorption of CH, in kerogen slit

pores at different pore sizes



20224F
12 H3

2R AR, S L DU T TRRR I RPAIL 1 4 20 TSI 5

459

R g O ) T T AR B CH 231, IR T e i
I §- iz s 58 , ShREHE K, T8 CH, 70 116 1%
AR T R S MR A AR, B RS FE i N

23 RESHEH

JS A
57

H T WFFE T B AR A% L 20 CH, W FFHE2 i £ K0
I A% 18] 43 A BR A CH, P C IR 5 TR IR P C
O N.SHFHSCHE . 12 m) 231 AU AN I B AE 5
2 (] A HE SR 1] 9 o8 CH, 5 T BEAR 45 JRL 1] 1Y)
T 43 A pRAL . CH, 5 T B AR P i) C R 1) e Bl e
{HKF CH, 5 0 N HISJ5EF 1 R, X2t F C
JRF RS B Stk M5 O N RS IR F 1 & , CH,

TS TR C IR AR A E AR K9
T CH, 20115 T IS AR A I 7 ] (9 422 18] A bR 51 1L
HATE T A T IR

2.4 IR

P 10 S AN [l LA Y CH, 78 T AR I B A9 45 H R
BB it FLAZ HOAR 3G N , CH, 1 2558 W B 4RO 3 R
K, JF B R B aRE T 2%, MALAE R 1 nm B, T
HR B CH, - 34 45 5 W B AR R 22.61 kJ/mol; 5 £L4%2 K
20 nm i, FEEHR Y CH, X2 I fFCN 7.74 k) /mol.
Al UL & BT AR 1Y CH, - 35 45 1 0 B 35N
40 kJ/mol , 19y 34 W52 SFF iy MRz A A2 WO o J5 ) 95 4 AR 5

0.07 —s—]lnm -*-2nm ——3nm 4 nm 006+]“m ~-2nm —3nm 4nm 0'06+lnm ~*-2nm —3nm 4 nm
o —s—5nm —*— 10nm ——15nm -®20nm o —=—5nm —+— 10nm -—+—15nm -—®20nm, o ~&—5nm —*— 10nm ——15nm -—®20nm
£ 0.06 £ 0.05 2 0.05
2 0.05 2 0.04 T 0.04
£ El £
E 0.04 Z 0.03 = 0.03
= 0.03 b Ll
= = 0.02 = 0.02
= 0.02 = =
2 0.01 ./‘/-"/"——.—_' & 0.01 / = 0.01 %
ﬁ% 1 1 T 1 1 1 ﬁ 1 1 1 1 1 1 -y ﬁ% 1 1 1 1 1 1 ]
0 5 10 15 20 25 30 35 0 5 10 15 20 25 30 35 0 5 10 15 20 25 30 35
£ 71 (MPa) £ 77 (MPa) £ 71 (MPa)
a. 4 6 WY B AN ) 5L A% 5 B (7=298 K) b 4t Xof W B A ) FL AR 6 EE (T=318 K) c. 4 of W B AN ) AL A% % b (T=338 K)
& 1lnm —*-2nm 4 3nm 4 nm —#-|lnm —+-2nm 4+ 3nm 4 nm ~#-]1nm —-2nm 4 3nm 4 nm
= 0.008 - =%=5nm ——10nm —e—15nm ——20nm . 0.007 —=5nm —10nm —e=15nm ——20nm __ 0.007 —=5nm ——10nm —e=15nm ——20nm
£ 0.007 E 0.006 ' 0.006
E] 8.2(;? 2 0.005 g 0.005
E O £ 0.004 £ 0.004
g 0.004 — i P
fal = 0.003 = 0.003
= 0.003 > = = —
= 0.002 = 0.002 = 0.002 3
= = =
=5 0.001 = 0.001 £ 001
55 1 1 1 1 1 1 1 ﬁu.‘} 1 1 1 1 1 1 1 w 1 1 1 1 1 1 1
0 5 10 15 20 25 30 35 0 5 10 15 20 25 30 35 0 5 0 15 20 25 30 35
£ 71 (MPa) £ 77 (MPa) & 73 (MPa)
d. AR PR AN [ L AR X B (7=298 K) e JE A B B AS 7] AL AR 0 Ll (T=318 K) . AU B AN 1] AL AR A L (T=338 K)
— b =N _=N
VL7 AT FLARTTS IR 260 Xl MR - 0 5 R -0 X L a4
Fig. 7 Comparison curves of absolute and excess adsorption capacity at different pore sizes
0.006 - “=298K ——318K 338K 0.018 298K ——318K 338K 0.035 —=-298K ——318K 338K
= 358K —e-378K 2 0.016 358K —-378K 2 0.030 358K —-378K
g oo ./-/__/. E oo £ 0025
E £ 0.012 g
" = 0010 b 0.020
g 0.004 -E-.BH 0.008 g 0.015
= = 0.006 =
= 0.003 = 0.004 £ oo
kS & 0.002 § 0.005
0.002 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 ]
0 5 10 15 20 25 30 35 0 5 10 15 20 25 30 35 0 5 10 15 20 25 30 35
£ 71 (MPa) J£ 71 (MPa) J£ 71 (MPa)
a. 240 W B R AS [ 3 E X LE (=1 nm) b 248 X W B A (7 3 S X L (H=3 nm) . 248 0F W B AR AN [ 3 E L (=5 nm)
0,005~ 298K ——318K 338K ~=-298 K ——318K 338K =298 K ——318K 338K
P 358K ——378K . 0.005 358K ——378K 0.006 358 K —e=378 K
z £ N
—g 0.004 M —g 0.004 = 0.005
o £
E e £ E
# 0003 E 0.003 = o
= = = 0.003
E 0.002 = B
= 0 i 0.002 i 0.002
-] ] I
0.001 Il 1 1 1 1 I 0.001 1 1 1 1 1 T 0.001 1 Il 1 1 1 TR
0 5 10 15 20 25 30 35 0o 5 10 15 20 25 30 35 0 5 10 15 20 25 30 ¥
i 71 (MPa) Ji 73 (MPa) £ 73 (MPa)

o AT PR A (] 3k S0 BE (=1 nm)

& 8

e b A Y e AS R X L (H=3 nm)

A T 3 JEE T 4 s X R e 7 5 A R 0T L R £

.6 A B 5 AS [ i B2 L (=5 nm)

Fig. 8 Graphs of absolute and excess adsorption at different temperatures



460 25

B U AR I BT LR A 23T AU

2022 4F
12k 3

MR E I N, e KA 25 3 40 kJ/mol , Ut B CH, 7€ T
T AR E A W R T B R

25 ZESH

P11 S AN TR L AR 3 2R 20 MPa i Jay 3 2
(T=338 K) , Jay 8 % J3& 2 B e 4% L {7 O 1) R 47 48
T, AT AR BAEA R ALAR A T B AR AL b, 76 T AR
FLIG P O B TET A7 I 8 1) CHL, 3 TSR 4, I 5 A X

5
——CH,-C
4t —— CH,-0
” —— CH,-N
= 3l CH,-S
&z A
R
Z 2r
K\ﬂ N,
%Q\"\_ )
1F |
/ 1 1 1 1 —
0 2 4 6 8 10

JE T ) 5 75 (nm)
B9 CH, 5T RMRAS It Il B 42 1f) 5341 R 5L

Fig. 9 Radial distribution functions between atoms of

CH, and kerogen

301

201

P 249 45 B W B R (K J/mol)

1
0 5 10 15 20
L4 (nm)

BI10  CH7ET BEHRAS R FLAR A 14 2 S5 I A
Fig. 10 Average heat of adsorption of CH, in kerogen with

different pore sizes

% J (g/em’) L% (nm)
—1

—_—2
—3
4

_35

5L 4% s (9 B 5 (nm)
K11 CH,7E T HRAS R FLAR B 0 %% B o A
(T=338 K,p=20 MPa)

Fig. 11 Density distribution of CH, in kerogen with different
pore sizes (T=338 K, p=20 MPa)

PG, 35 W AR DR T A HES I S B 5o AEA
(i) FLA A9 T P AR v, 7 o 72 L T 1 167 5 o R
W A4 2 L UL, OF ELALARAE 1 nm IS, HUA 1N
WEfE . B FLARAOIE N, ih 2k % R i (E AL B W 2,
X R nm I FLEE P RAFE R o LR R T
1 nm i, B AR AL B 5, Bl LA R3S,
FLB HoRE () Pk 7730 1 SRR B

3 i

e 3R ADLRIE 5 D TR B T AR 4D 52 56 £ 3
WL FE A AN AL, HASSURT LS B S 86 B T T3
FEL B4 i , 30 REAS 5L T 20 19 463 7 52 BR 25 ) Dy
B 1547 O SO AR R i 4 oW A A
PLBE . 5 I B SO Bl AR B 45 T A 5 D) SR
0 1o e AR 4 U A R A e A R D, TR
DA DT W B R S TR JEE , B8 R 2 e e AR
WA S B B o 1) S RS B

4 75

F 5% A B ECSC A T B AR o3 o7 11 280 T Fs AR AR
AU 3H A SRR O IR A o R s WS CHL 7R
AR R B DA B e PR R AR R LRSI

1) AHELAR S AE T, A e )35 K, 0 W
ARG RRAR s ELALAR )N W PR35 SR 4

2) TERJT— RN OL T R e A
SN R = RS R T CH ZE DUA T EEAR i
W B, TR T CH, 78 U8 T BE AR i B X
FEIE W T iR CH, SRR, W F AT 2R REAI

3) T AR Y C IR AL CH, IR B Y 3 B
J A, JF B CH, 78 1 Bg AR v i 45 I W B B A T
7.74 ~ 22.61 kJ/mol , Ut W {H Jeg T~ BRI i -

4) CH,7E U1 B AR rh g BT IS 5 B2 1 A8 fb 3
WY FEALAE/NT 1 nm B, AL B A Ui 25 <, Bl fL
TR BROR R K, CH, 7 U T B AR LB b i 25 251 CH,
M Wt v, ANLAE T CH, B LI h
F A FERCA A, KL, CH, DA B S A
i SIS

% % 3

(1] RIS B2 DU ST R SR AT I, 2013,34(4) «

792-801.

ZHANG Dongxiao, YANG Tingyun. An overview of shale gas
production[J]. Acta Petrolei Sinica, 2013, 34(4): 792-801.



20224F
12 H3

2R AR, S L DU T TRRR I RPAIL 1 4 20 TSI 5

461

(2]

(3]

[4]

[5]

(6]

(7]

(8]

91

[10]

[11]

[12]

[13]

EEE oK AR, 254005, 45 . SUR A HLBTURHAE XS HY Be Wi b i
SEELT] 21, 2013,38(5) :805-811.

YAN Jianping, ZHANG Tongwei, LI Yanfang, et al. Effect of
the organic matter characteristics on methane adsorption in
shale[J]. Journal of China Coal Society, 2013, 38(5): 805-811.
T3 A7 RN A 5L, A DU RIREAE 2 e S TR I 5 0
HR R 220 L. A3 R, 2021, 8(3) :43-48.

WANG Rui, YANG Chenxi, RU Hanyu, et al. Comparison of
error in methane isotherm adsorption by volumetric method for
shale and coal[J]. Unconventional Oil & Gas, 2021, 8 (3):
43-48.

CURTIS J B. Fractured shale-gas systems[J]. AAPG Bulletin,
2002, 86(11): 1921-1938.

ZHANG T W, ELLIS G S, RUPPEL S C, et al. Effect of organic—
matter type and thermal maturity on methane adsorption in
shale—gas systems[J]. Organic Geochemistry, 2012, 47: 120-131.
WANG S, FENG Q H, ZHA M, et al. Molecular dynamics
simulation of liquid alkane occurrence state in pores and slits of
organic  matter[J].  Petroleum  Exploration  and
Development Online, 2015, 42(6): 844-851.

WANG T Y, TIAN S C, LI G S, et al. Selective adsorption of

supercritical carbon dioxide and methane binary mixture in

shale

shale kerogen nanopores|J]. Journal of Natural Gas Science and
Engineering, 2018, 50: 181-188.

AMBROSE R J, CLARKSON C R, YOUNGBLOOD ] E, et al.
Life—cycle decline curve estimation for tight/shale reservoirs
[C]// Paper SPE-140519-MS presented at the SPE Hydraulic
Fracturing Technology Conference, The Woodlands, Texas,
USA, January, 2011.

XK, SR8, BR, 45 A0 SR s b B BE I R 1 231 Bl o
BT 5P, 2013,30(5) :692-699.

LIU Bing, SHI Junqin, SHEN Yue, et al. A molecular dynamics
simulation of methane adsorption in graphite slit—pores[J].
Chinese Journal of Computational Physics, 2013, 30 (5):
692-699.

Wi, OO, s, 55 BOpesE i TP e W RS 14 4313
TI2 UL AR E 5 HR 2016, 15(2) :92-96.

CHEN Lei, HUANG Dingbin, LI Zhongzhen, et al. Study on
methane adsorption in graphite slit—pores by molecular
dynamics simulation[J]. Journal of Thermal Science and
Technology, 2016, 15(2): 92-96.

PSP, R MR AL 45 . TUA AN R TR AR A H e i
BEAT D B LA, AR Tk, 2017,37(12) £ 18-25.
TIAN Shouceng, WANG Tianyu, LI Gensheng, et al. Molecular
simulation of methane adsorption behavior in different shale
kerogen types[J]. Natural Gas Industry, 2017, 37(12): 18-25.
JERUYG P A VR SRR L A R GOMC 2 F B AR B 5
BUA B AT S APLIRLI. HbER R, 2018,43(5) - 1783-
1791.

LU Shuangfang, SHEN Bojian, XU Chenxi, et al. Study on
adsorption behavior and mechanism of shale gas by using
GCMC molecular simulation[J]. Earth Science, 2018, 43 (5):
1783-1791.

R ORI, IR L, A5 DU e T B2 SO il 2 LB
TR £7 R G BRPRRAE )], KR b BR B2, 2018,29(12) «
1809-1816.

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

TANG Xin, ZHU Yanming, GUO Yuanchen, et al. Molecular
simulation of methane adsorption within illite minerals in the
shale of the Longmaxi Formation based on a grand canonical
Monte Carlo method and pore size distribution[J]. Natural Gas
Geoscience, 2018, 29(12): 1809-1816.

XIONG J, XIANGJUN LIU X J, LIANG L X, et al. Adsorption
of methane in organic-rich shale nanopores: An experimental
and molecular simulation study[J]. Fuel, 2017, 200: 299-315.
HAMZA J, MAYTHAM 1, KOVSCEK A R. Experimental
investigation and Grand Canonical Monte Carlo simulation of
gas shale adsorption from the macro to the nano scale[]].
Journal of Natural Gas Science and Engineering, 2017, 48:
119-137.

KATTI D R, THAPA K B, KATTI K S. Modeling molecular
interactions of sodium montmorillonite clay with 3D kerogen
models[J]. Fuel, 2017, 199: 641-652.

VF IR BRI 2R, A5 DR SR WAL B T A SO i
FEATLER 22 SRR TE LI, et G, 2020, 27(4) - 79-84.

XU Chenxi, XUE Haitao, LI Bohong, et al. Microscopic
adsorption mechanism difference in the mineral pore of shale gas
reservoirlJ]. Special Oil & Gas Reservoirs, 2020, 27(4): 79-84.
ARA R, HEAUE, EALH SF L SUE SR LB Ry
LB IE T AR5 TT %, 2010,37(6) : 641-653.
Z0U Caineng, DONG Dazhong, WANG

Geological characteristics, formation mechanism and resource

Shejiao, et al.

potential of shale gas in ChinalJ]. Petroleum Exploration and
Development, 2010, 37(6): 641-653.

UNGERER P, COLLELL J, YIANNOURAKOU M. Molecular
modeling of the volumetric and thermodynamic properties of
kerogen: Influence of organic type and maturity[J]. Energy &
Fuels, 2015, 29(1): 91-105.

LhEAE  BRAAAE R , 55 L DUR IR SR R B AT
171 Ik BLih <, 2020, 7(6) : 76-80.
MA  Qinghua, ZHANG Xuemei,
Preliminary Study on Critical Adsorption Capacity of Shale Gas
[J]. Unconventional Oil & Gas, 2020, 7(6): 76-80.

GIBBS J W. The collected works of J. Willard Gibbs, Volume I:
Thermodynamics[M]. New Haven Yale University Press, 1928.
ARG, X1 B W B AE T RE A A S T AT S Y
SRR R WEFELI. B R4, 2017, 46(2) : 356-364.
XIONG Jian, LIU Xiangjun, LIANG Lixi. Investigation on the
influence factors of the methane adsorption in functionalized
graphite[J]. of China of Mining &
Technology, 2017, 46(2): 356-364.

GASPARIK M, BERTIER P, GENSTERBLUM Y, et al.
Geological controls on the methane storage capacity in organic—
rich shales[J]. International Journal of Coal Geology, 2014, 123:
34-51.

TWAEE  FL AT RIS FY USSR TR B AR A AL
B 1 23 7 BELLTL DT 5 0 5 W B R, 2018, 35 (4)
537-543.

FAN Dezan, DU Jianfen, ZHANG

simulation of shale gas adsorption onto Il kerogen organic

HAO Jingyuan, et al.

Journal University

Lingling. Molecular

matter[J]. Journal of Atomic and Molecular Physics, 2018, 35
(4):537-543.

(m¥E FF)



