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Molecular simulations of a multicomponent hydrocarbon-water mixture in the
organic matter-clay mineral composite pore system of lacustrine shales: A case
study of the Da’ anzhai Member of the Jurassic Ziliujing Formation, Sichuan Basin

REN Wenxi',ZENG Xiaojun] , WANG Guangfuz, GUO Jianchun', LIU Yuxuan'

(1. State Key Laboratory of Oil and Gas Reservoir Geology and Exploitation , Southwest Petroleum University, Chengdu, Sichuan 610500,
China; 2. Petroleum Exploration and Production Research Institute, SINOPEC, Beijing 102206, China)

Abstract: Given the diverse hydrocarbon compositions of the Jurassic lacustrine shale gas in the Sichuan Basin, we
develop a molecular model for the organic matter-clay mineral composite pore system composed of kerogen and illite slit
pores and composite pores. Using molecular dynamics simulations, we explore the microscopic occurrence
characteristics of wet gas in the composite pore system and the influential factors related. The results indicate that at
lower pressures, hydrocarbon molecules preferentially occupy space near kerogen walls within the composite pores,
while the number of hydrocarbon molecules increases under high-pressure conditions, and the heavier hydrocarbon
molecules are preferentially concentrated in space near kerogen walls within the composite pores, leaving lighter
hydrocarbons to be confined to the illite walls. Under the same pressure conditions, a larger pore diameter meaning
larger pore space, can accommodate more hydrocarbon molecules. Under high-pressure conditions, interactions
between water molecules get enhanced, forming clusters due to hydrogen bonding. These water clusters can be found on
the surface of the kerogen, or free in the composite pores, or develop into a water film on the surface of illite. The
organic matter pores, composite pores, and clay mineral pores in the organic matter-clay mineral composite pore system

all contribute to the occurrence of hydrocarbons. Compared to organic matter pores, the latter two pore types can
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accommodate a greater number of hydrocarbon molecules dominated by lighter ones, characterized by higher gas content

and better mobility.
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B AR AT S, WNE, EIEAT, S BARUA A WU -3 £ W2 A LA R th 240 R KR A W RAE ) 3 AL —— LA 1 Z AR % % A
WA R IEBE R[], A5 RIS, 2025,46(1) :304-314. DOI: 10. 11743/0gg20250121.

REN Wenxi, ZENG Xiaojun, WANG Guangfu, et al. Molecular simulations of a multicomponent hydrocarbon-water mixture in the organic matter-

clay mineral composite pore system of lacustrine shales: A case study of the Da’anzhai Member of the Jurassic Ziliujing Formation, Sichuan Basin

[J]. 0il & Gas Geology,2025,46(1):304-314. DOI: 10. 11743/0gg20250121.

HAT, HE 2508 TR 3 500 m DLV Y AR 5T
E AR ACTE K&, I 20 1) i AR - 2o 3 AR AR )2
WA U A AR P E R UE R
FEAT ARV N AR T F A WA s S
IR =B R AR, AR, 2 DIRE)I 4
Hu R % Z ki A 005 2 B 38 R R IR AR
T —m e T AT, BT BB R &
s FEAHTUA R G AHTUAS AR R ES U
JERIRZN AT o AR TUA A MU AL RR B oy, A
B, — AT AR Al e T el A A A AL T Ak
FERA, FEA R B AS, BRRAE
RENST S R4l F g , 22 40 A T T K FL R
WA SN A2 2% , TN 22 A8 2 R R 250 T — ek,
J T B A DU SRR B 5 b . BB BORT 2 4 AR
= IKIR A A Bl A DT SN K LB P A A R
A7 2B 285 R B i) PR 2R 30 e =2 TR ACIAIL, 1l 24 1 i A 0T
AR R XA E P AS R B AT
PRI, iR 75 T R i A 0T I K LB R 2 A o e -
IKIRA Y TRAT A 5T -

TR AR PR SHAPRILBR A & W AR
Z , AR TE o B 3 S B0 SR Y 2 A A R 25 - KR
B WHE TUA AR LB T AR . A3 F Tk
AT LS5 R P S B0 AF 0 RUBE 0 BRI, DA 1
R 2 51825 - KR G B AE R AE , 38 7T LAGE i
A BRI 5T 45 2R N R IR A YR e
UEAERE, 43 TR 2 O DU SRA AN
SBFgE T H S BEE XA AR, B R A
Bt s K2R — A i o3 A5, AT B AR o014
BBy TR, T E2A R -KIRES
VA E AL IRAR , B TS Z A S 4 1540
gD it =2 TR AN, XX — [l A< Sc i
I AR 2 A I R LB DUA MR 4, R
FH LTI SEMUBERL ) 43 F AU 5 i S T A L -
B W A LR R o TR [R5 KA 9 52
Wi, 38 1 o F sl Sy AU o TR S e A ML -

W) 52 5 FLBR AR 2 b A SOV A R i B R R A K
TRIIE X TR A B AR AR Rl A 50 )2 v 1 AT
WREEWAFHLEA —EH B .

1 PRIk

L1 BR-#HLITHWESHRERS FRE

AP ALBIANZS L8 LR T A 1 £
Z3 [ LB SR A A R R AL
Fi-FE 25, K EAIUR-F L0 Y = A LB
ARGy PRI RS T AL -R 0 R A
FLBRAR R o> TR, SO AT BILST Y AR 82 T
e DN EHAR D R A RIFAR LB A A PR L
1AL =, B A S 5 48 (RO AE 1. 10 % ~ 1. 83 %17,
AL, AR SCHEF Ungerer 558 A2 H 19 T A (AT it — 25
%43 W-A, =B, I-CH1 I -D AL T AR 25 44 £ 37
TEEAR TR o, 1 —A R0 RS B M1, XoF I ok
SRR T AR 5 T —D 2 A J 3 e vy, %o 7 ik s A 1
M s I -B BUAN T -C B S A 1T -A RUAIT-D 7Y
Z ], 0 I R~ AR T AR . 5 TR B 5T X 0L
AL T AR B T -B ALAL T -C A
Ve T 1 -BRITREARTT O SE . T IR AR 4EFL I 1
HS% T HAR TR, A R T . O+
Tits AR B S R 1) A 57 - ST — N RS2 80 Ax80 Ax
40 A 1y T B U - g AR L A 70 | LA Jm) B g fat e AIK hy H
i SR PAS T B AR BRI IRt AL, @) i
T2 AL A 5l R BE 1 E S 800. 00 K, R HI NVT & 45
(canonical ensemble, 1E W R Z5, 7 2 19 Jii 14l AT
FINRL BE R AR ) JF R iR 25 b ith . B BRAFARE 1Y
T T AR AR R R O T ) B E A 20 MPa, i BE A
800.00 K R % H 47 i J& 373. 15 K, R H NPT & &5
(constant—pressure , constant-temperature, ER-FER
LR R R B R )RR B RN S ) T R 4T
B 1 AU LIRS G B T AR R B . B ROk,



306 £S5 KRR R

546 5

K NPT 45,78 371. 15 K #1120 MPa 50F F IR T
Bl 1R, ORISR 1 T IS AR L AL . T
TP AR L TR (4 B 1. 07 gfem’, X 55 T B AR
SIS IR IE A VL 1,00 ~ 1. 30 g/lem® —E ., Wu %
NPT ) 11 —B 78T i AR I RS 780 (1) %% B 29 1. 05
glem®, Yu 25 N0 Y I —B 50T i AR 25 oA 75 (1 4%
JER 1. 08 glem®, #E— 2 B IE T A SC T EHEAR AL ) A H
P @ BB S G o T RAR L AR S A, d T
T EE AR B A F LAY 251

R X TUA & & & Lo W, S orRLA g b
s L, 27 58 E )5 5K AR SE R R R
S TR A DA FLASERY K ST Y T S AR e 4 FL A
RUFR R A e e LA B2 5 I EA TS5 R Ak, e 241y
AHLT-FE 0 W2 G FLIRAR R TR 3222 T
HBR 8% FL ORI e s FL AN T s AR - R A 2 A FLA
WK 1) . TR LR 2 4 2K IR A Y
FERY LI P B 8 FLALAR 23 5 R 2,4 16 nm. Ui
A, i AR I ST B R R A B T BRAE o,y R 2 5l g R
SPX AR 8,4 A4 nm. FEABEIL & TAE «, y A 25
D7 RS43390k 28,4 F110/12/14 nm.,

1.2 =AY

| H LAMMPS (large-scale atomic/molecular massively
parallel simulator, K HUAR J5E /53 F IF AT B ALL &% ) I e
TN X ORGSR L 1T
XL 0 W & K CLAYFF 7137 (clay force field, % 1

R ZR 13 k2 % F 24 ek - KIR &9 5 T
AR TFH A K ] CVFF 7137 (consistent valence force
field, —BMEM 1 3%) ATHR % 1) iz N TR
TR A VLY o T Z R A BRI JE A8 e A
HAEH R Lennard-Jones 12—6 A8 pREGHET T4 , %
Wr B 25152 B 1 nm K AR AL AR BLAE H R F PPPM 7
% (particle-particle-particle mesh , i — i - — ki ¥4
RSO . AR SC B XHRATF AR ST , HGE R 14 20 A%
3 CH, (/5 65.0 %), CH ({5 H9.7 %), C.H (i He
8.5%),C,H,(fi4.8%),CH,(fH2.0%)HHO0
(A 10.0%).

DU RS Z B TR SR B DU 2 IR
29373, 15 K, LB B 8 373, 15 Ko 62
VR 1400 ~ 4 300 m, &) RELAE 1.0 ~ 2. 1727 J5 4R
S F A% T 176 14,0 ~ 90. 3 MPa, &% 158 X fif
JRFE ST il AR A f LR T R iR o AR IR E T
AR BRI (R 1) o BEUE T8 LR M 35 MPa,
/NTF90. 3 MPa WM FRAE . A T 34 38 A [\ e ) 451
AL R AT X R LR R BRI N
11 MPa, D) ] BH i ) XSS RAT 520

JITAE 7 ) ¥ 2R U PR 3 B AL R v
HREANG R A 254 0 IR F B e AN g o B e xR R kAT
A i /e, DU B 0T B A B, SR 5 SR I NVT
RGBT 2 000 ps, B[] 2D KB & R 1 fs, A/
1 000 ps 5 H TR R F-4F, /5 1000 ps 5 H T 48
.

R B T
1] //T
g
a
<
v |
g
=
o
3 R e AL sl
g
=
< .
A1
z o@
y &
8 nm I
0 x

A

PRI TR b

Bl AP35 A LB R 2 TR R R

Fig. 1  Diagram showing the organic matter-clay mineral composite pore system
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Fig. 2 Distributions of multicomponent hydrocarbons and water in the organic matter-clay mineral composite pore system (with a pore
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Interaction energy between hydrocarbons/water molecules and solids
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Fig. 10 Density distribution of CH, molecules in slit pores of illite and kerogen, and composite pores under different pressures
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