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Abstract: This paper is the result of environmental geological survey engineering.

[Objective] The CO,—Enhanced Gas Recovery (CO,—EGR) technology significantly augments natural gas extraction efficiency
while concurrently facilitating the permanent subsurface sequestration of CO,. This dual benefit substantially aids in achieving
carbon neutrality goals. The mechanisms pivotal to enhanced recovery and storage include the competitive adsorption and diffusion
of CO,—CH, within nanopores. [Methods] This study focuses on the 2™ section of Shanxi formation in the Yan'an Gas Field located
in the Ordos Basin. Using molecular dynamics (MD) and grand canonical Monte Carlo (GCMC) methods, a model was established
toinvestigate the competitive adsorption behaviors of CO,—CH, mixed gases in the nanoporous matrices of key minerals, specifically
quartz and illite, under reservoir—specific temperature and pressure conditions. Additionally, the study analyzes the correlation
between the self—diffusion coefficient of CO, and the variabilities in temperature and pressure. [Results] The study yields several
findings: (1) At an isothermal condition of 353.15 K and varying pressures from 5.9 to 17.7 MPa, both quartz and illite exhibit
heightened adsorptive capacities for CO, in comparison to CH,. Furthermore, the competitive adsorption selectivity for CO,—CH, is
found to be greater in quartz pores than in illite pores. (2) Under similar isothermal conditions and at a constant pressure of 11.8 MPa
with temperatures ranging from 313.15 K to 373.15 K, the competitive adsorption selectivity for CO,—CH, in both quartz and illite
pores is observed to diminish with increasing pressure and temperature. (3) Under conditions of low pressure (5.9 MPa) and high
temperature (373.15 K), there is an enhancement in the mobility and diffusion efficiency of CO, within both CO,—~CH,—quartz and
CO,—CH,illite systems. [Conclusions] Quartz and illite have higher CO, adsorption capacity, greater CH, displacement capacity,
and better CO, storage effect.

Key words: carbon neutrality; carbon sequestration; tight sandstone; nanopores; molecular dynamics; competitive adsorption;
environmental geological survey engineering; Yanchang oilfield

Highlights: The competitive adsorption and diffusion behavior of CO,—~CH, in nanopores is clarified, and the self-diffusion
characteristics of CO, under the reservoir conditions of the 2™ section of Shanxi Formation in the Yan’an Gas Field is identified.
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Fig.1 Quartz structure model
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Fig.2 Illite structure model
MBS A, JRE RIS 15 8 Moy 22 0B
BRI RER MRS SHG iy N i T T AR
B5 q ERIY L € HHEA R R
Iy WNAHEAEH J13R H:
Ubond = kbond(r_ ro)2 ( 2 )
Uangle = kangle(g_ 90)2 ( 3 )

N, Upona WIRTFHE, Uyye A, kpona NI T
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HEER S, 0 SEBREEAR, 0, AT A .
KT A HRAYBRLZE L 1 75 (Emami et al,
2014), HFIE AIRERLR ] CLAYFF 113 (Cygan et
al., 2004) (fii A atom 1%45 4= 5 (Holmboe, 2019) ) .
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#1(Potoff and Siepmann, 2001) .

&1 REENT CO,~CH, EERUFBRITHEEHM
EE/REE ( T=353.15K)
Table 1 Equimolar chemical potential, calculated pressure,
and molar ratio of CO,—CH, at different pressures (T =
353.15 K)

HARIEN/ COMEES/ CHALSH WHHERASE co,~CH,

MPa (Kcal/mol)  (Kcal/mol) JE 73/MPa FE R B
5.90 —9.4468 —8.2991 5.93 1.01
9.44 -9.1792 —8.0029 9.27 1.01
11.80 —9.0491 —7.8357 11.82 1.00
14.16 —8.9538 =7.716 14.13 1.02
17.70 —8.8396 —7.5482 18.07 1.01

3 RS E
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5 F/RF s e 53, MD - TR+
Mizsh. H MDA KN 1 fs, If-{f F Langevin
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*®2 FEIRET CO,~CH, EERUFEBRITHIES
EE/REE ([EF1 P=11.8 MPa )
Table 2 Equimolar chemical potential, calculated pressure,
and molar ratio of CO,—CH, at different temperatures
(pressure P=11.8 MPa)

W/ COM=%/  CHMEH/ HHIRBASHE  Cco,—CH,
K (Kcal/mol) (Kcal/mol) & 73/ MPa JEE R B
313.15 —6.7985 —7.9549 11.54 1.01
333.15 —7.3047 —8.4817 11.93 1.00
353.15 —9.0491 —7.8357 11.82 1.00
363.15 —8.0965 —9.3324 11.85 0.99
373.15 —8.3638 —9.6213 11.84 0.99
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HY HRE HAY BREH LT AR

1. d
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N CO, 73 T W ¥ T i ¥ 5 d 0 AE 50 (A58 2R
d:3)o

4 SERSTE

4.1 CO,~CH,~ARAMXKFLIRTZ SRR
H1 CO,~CH, 1 AT J 48 KL BT r I B A A4 14
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A (Leetal., 2015),

Kl 4 A BARIE S P, R CO, Fl CH, By
oy A T, o B AR R i BRI B A2 3 R,
1 A B TSR, SEBR EIFRIIR AR
IRAEFLBR T Ay T (LB Rl R 07, BVEL 4 20608
LHEMHRS) RTERE T . B 4858 8xR, KN
K, CO, Fl CH, W fh)2 58 B B K, CH, B2 1
WS %% B B R, AR CO, M B2 1) WA %% B LT A
A5, FRBEE ST E A BEXT CO, 43 F 1 CH, 43 F
MR R I, X —Z5 55 B 7 A (2023) A5
— 3, BV H 5T 3 S R EE A EE (5 MPa, 10 MPa, 20
MPa, 30 MPa) & 31 e 44 K FLER o iy CH, MBS

K3 CO,~CH, 1EA SR FLER A T2 M BTAADL P (2 (5K
CO, 73T, ¥ CH, 73 1, R G T J13%)
Fig.3 Simulation of competitive adsorption of CO,—CH, in
quartz nanopores (green is CO, molecule, purple is CH,
molecule)
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Fig.4 Density distribution of CO, (a) and CH, (b) in quartz pores under different target pressures P, (red dashed line is +1nm)
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Table 3 Comparison of mixed gas pressures in no pores
(only CO, and CH,) and pores under different target

pressures

HArH 1 BESMWIE - IRESMWES-  WESEE-
MPa TALB/MPa HBEFLB/MPa R4 FLER/MPa
5.90 5.93 7.22 7.78
9.44 9.27 11.88 9.48
11.80 11.82 15.06 14.68
14.16 14.13 18.39 16.61
17.70 18.07 23.86 21.78
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FRFZE I A 7 CR FHALBR B0 ) B 2 &R a0
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Fig.5 Relationship between adsorption selectivity and pressure
of CO,—CH, on quartz and illite surface
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Fig.6 Density distribution of CO, (a) and CH, (b) on quartz surface at different temperatures (red dashed line is +1 nm)
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x4 FRABETEESMEEHNELILE (X CO, # CH, )
FFLBRAXTLL ( BARESIH 11.8 MPa )
Table 4 Comparison of mixed gas pressure in no pores
(only CO, and CO,) and pores at different temperatures
(target pressure is 11.8 MPa)

BE RERWEES-  WESREES- RERMEES-
K TALKR/MPa FPEFLE/MPa R FLER/MPa
313.15 11.54 16.04 1572
333.15 11.93 15.68 15.24
353.15 11.82 15.11 14.78
363.15 11.85 15.69 15.17
373.15 11.84 15.00 13.62
2.1 —
o 9B Silica data
---- A1l Silica fit
2l @ --. = R EAE Tlite data]
" RN - RRE LS Tlite fit
ol S~ol O
i .
R 19}
= o y=-0.003x+2.937, R?=0.817_ "~~~ _
= s e
1.8 )
iR
= . e
SRNA
1.6 - ¥="0.006x +3.837, R:=0.903 .

5 . L N N ‘\ ~
310 320 330 340 350 360 370 380
T/K

Bl 7 CO,~CH, 7EA7 S AR A7 2= T 0 W B B 1k 5 R % 1Y)
KA
Fig.7 Relation between adsorption selectivity and temperature
of CO,—CH, on quartz and illite surface
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€ 8 CO,~CH, TEFH AT FLIRAY 2 I BASEADL (5 (5
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353.15K)
Fig.8 Simulation of competitive adsorption of CO,—CH, in
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