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Table I Mineral composition parameters of tight core

PYine gy FLBRE /% BIBEH/10° pm’

F15E/%

A% T A% /%

A-1 9.53 0.29

2.33 291 421

T ORI A3 B A W A FLME A2 40 A B,
BT R o BU% A LMk 48 4 A Y5 LR 4~
1000 nm, X CO, 7E/NFLER H B W2 ik BE 77 ik, HL
3R RS LRI K 233 B T8 R 1
LEA % RS PRFL B R SF K 5 B 10~20 nm
ELAR FE A TR

[N
S
[N
(=}

LI —e— BRI
e 50F 50 o
¥ 140
33 30 fx
A 1zl
0

VINOMNOOOOOOOOOODOOOOOOoOOoOoOoO

AT OOONONOOOOOOOOOOODOOOD
SO —— AT OOV NONOOOOOOOOOD
COOOCOOOCO—— AT OVOVNOMNOOOOoO

OO0 OO OOOOOOCOO—— AT OOV NO N
—— O
FLIfE AR/ um
E1 ST
Fig.1 The throat distribution

BT DL B AN Y B, B R B
R R RE YL SR A Materials Studio 2020
B (FFR MS) 7 BE I LI . 7 B R
BAF A BRI . A IS HOLEE 2, S
HUOLIA] 2,

T RE T AL AL TR Ry (D3T3 0 B Jif A
i 43 Supercell Ay 4 HE 7 AR S AR T, Z800 6ax

6bxc; @i 11 Cleave surface Ay 2>, Wy iR 8 & i
(00 1) FRTATYI AL AN, 2 22 B TR A B 25 4 ; (D18
i Build layers 74> ¥ FEBE [l A MU 2540 . ELZS )2
R TR A o 0 5 4 B 5, S 7 A D FL B AR Y
R THT 1] F) LB 9 8 B 10 rumyy () X6] A 280 B 17 7 {0
AT AT 0 S Ah 38, F R A A S BE T, ol LI
PERIUKE . T Lk 2P B ST 1 A LB Z5 14
BB 3 FLBRGS ORI 3 TR .

R2 AXRESY

Table 2 The mineral cell parameters

N alA b/A c/A /) PO YO
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Fig.2 The quartz crystal cell model
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Table 3 Mineral cell parameters

ZH TR a/A b/A c/A a®)  BIO)  YI°)

ZHUE 29.478  29.478  125.589 90 90 120
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Table 4 Fluid component structure parameters

Hay o2 K /mm /()
Co, C=0 0.12 180.00
H,0 O-H 0.10 104.52
CH, C-H 0.11 109.47
c-C 0.15 180.00
C,H,
C-H 0.11 107.91
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Table 5 The fitting parameters of CO, and CH, adsorption
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£ 6 CO, N C,H, RIMERENASH
Table 6 The fitting parameters of CO, and C,Hg adsorption

isotherm
Mo V/(mmol-g ") K,/MPa”' n R
CO, 27.7139 0.0330 0.8990 0.999
C,Hg 14.6808 0.0255 0.8449 0.997
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Table 7 Influencing factors and values

# 8 AREKSFHE CO, F1 CH, BIHEREBESH
Table 8 The fitting parameters of CO, and CH,4 adsorption

KAFEA BRI BE/K fLBER~tmm  §sRR isotherms at different numbers of water molecules
80 2:3 348.15 10 A W4y KA FHUA ViAmmol'g ) Ky/MPa ' n R
100 11 363,15 15 A 80 21.6844 0.0593 1.0358 0.998
120 32 378.15 20 R Co, 100 23.4845 0.0455 0.9786 0.999
120 23.4954 0.0547 0.9923 0.999
32,1 KHyFHAT S M F 5 R MEFAEN F 80 197556 0.0249  1.0594 0.999
RIFIZK 43 F 4t CO, Al CH, 1 2415356 4k CH, 100 191351 00266 10763 0999
120 15.4860 0.0363 1.1636 0.999
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Table 10  The fitting parameters of CO, and CH, adsorption
isotherms at different temperatures

WL B4R 4y BE/REHE(CO,:CHY) Vi/Ammol-g ) KyMPa' 7 R

1 2

2:3 21.9618 0.0311 0.8821 0.999
CO, 1:1 23.4845 0.0455 0.9786 0.999
3:2 27.2403 0.0479 0.9696 0.998
2:3 21.7089 0.0292 1.1130 0.999
CH, 1:1 19.1351 0.0266 1.0763 0.999
3:2 14.1192 0.0318 1.1490 0.998

W44y BRE/K Vi/Ammol'g)  K,/MPa n R
348.15 23.4845 0.0455  0.9786  0.999
CO, 363.15 22.8177 0.0401  0.9800 0.999
378.15 21.1889 0.0420  1.0532  0.999
348.15 19.1351 0.0266  1.0763  0.999
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Table 11 The fitting parameters of CO, and CH, adsorption

isotherms at different pore sizes
W45 LR /mm Vi/A(mmol'g ) Ky/MPa' — n R

10 23.4845 0.0455 0.9786 0.999
CO, 15 342287 0.0370 0.9860 0.997
20 37.9542 0.0476 1.0498 0.999
10 19.1351 0.0266 1.0763 0.999
CH,4 15 32.3492 0.0240 1.1235 0.999
20 55.9876 0.0166 1.0718 0.999
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isotherms at different mineral types

W44y F A Vi /(mmol'g ) Ky /MPa n R
FidE 23.4845 0.0455  0.9786 0.999
CO, i) e 96.9417 0.0036 05156 0.997
FFIA 34.3944 6.9748  0.7483 0.992
FidE 19.1351 0.0266 1.0763 0.999
CH, JifkA 36.1303 0.0217  1.0873 0.999
BRIAH 12.7389 0.0014  0.7789 0.991
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Molecular simulation of competitive adsorption of CO, and short-chain alkanes
under water containing conditions in tight oil reservoirs

.12,34,5%
1

LI Jingl’z, CUI Chuanzh , YU Yongbol’z, LI Zongyang(’, ZHANG Chuanbaoﬁ, ZHANG Dong6
(1 College of Petroleum Engineering, China University of Petroleum (East China), Qingdao 266580, China; 2 National Key Laboratory of Deep Oil and
Gas, China University of Petroleum (East China), Qingdao 266580, China; 3 Qingdao Key Laboratory of Offshore CO, Geological Storage, Qingdao
266237, China; 4 Qingdao Engineering Research Center of Offshore CO, Geological Storage, Qingdao 266237, China; 5 Shandong Engineering
Research Center of Offshore CO, Geological Storage, Qingdao 266237, China; 6 Exploration and Development Research Institute,
Shengli Oilfield Company, SINOPEC, Dongying 257015, China)

Abstract: Tight reservoirs have low permeability, small porosity, and pervasive micro-nano pores, so water
flooding has poor development effects. The use of CCUS-EOR (Carbon Capture, Utilization, and Storage-En-
hanced Oil Recovery) technology can realize the geological sequestration of CO, in the reservoir while improving
the crude oil recovery efficiency. Currently, research on CO, sequestration mechanisms focuses mainly on saline
aquifer sequestration, with less emphasis on adsorption and sequestration during CO, flooding in tight oil reser-
voirs under water containing conditions. To address the above problems, we established a pore wall model for
tight reservoirs using hydroxylated quartz cells based on molecular simulation methods, in which the fluid com-
ponent models of CO,, crude oil short-chain alkanes, and water were contained; and investigated the competitive
adsorption characteristics of CO, and crude oil short-chain alkanes under water containing conditions. Results
show that under water containing conditions, the adsorption isotherms of each component during the competitive
adsorption of CO, and CH,4, CO, and C,Hg were in accordance with the class I adsorption isotherm, and the abso-
lute adsorption amount, excess adsorption amount, and heat adsorption of CO, were larger than those of CH, and
C,Hg. The adsorption of CO, and crude oil short-chain alkanes on the quartz wall was physical. Under simulation
conditions, the number of water molecules had a significant impact on the adsorption amount of CO, and a relat-
ively small impact on the adsorption amount of CH,. The increase in the proportion of CO, increased CO, adsorp-
tion amount but decreased CH, adsorption amount. The increase of temperature reduced the absolute adsorption
amount of CO, and CH,. The increase of pore size increased the absolute and excess adsorption amounts of both
CO, and CHy. The type of wall mineral showed a significant impact on the adsorption capacity of CO, and CH,.

Key words: tight oil reservoir; CO, and short chain alkanes; competitive adsorption characteristics; molecular

simulation; adsorption amount
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