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Abstract During the development of CO, injection in low-permeability reservoirs, carbonated water formed after CO, dissolves
in water can effectively improve the imbibition effect, and thus improve the reservoir development benefit. By measuring the
oil-water interfacial tension, contact angle and imbibition recovery factor, the effect of temperature and pressure on imbibition
recovery in low-permeability cores under high-pressure CO, was investigated. The results show that increasing temperature and
CO, pressure can improve oil-water interface characteristics and enhance imbibition recovery. At 8 MPa, the temperature increas-
es from 20 °C to 80 °C, the interfacial tension increases by 2.25 mN-m™, and the contact angle decreases by 15.2°. The influence
of temperature on oil-water interface characteristics is stronger than that of CO, solubility. With the increase of temperature,
CO, solubility decreases, but the interfacial tension increases, the hydrophilicity of rock enhances, and the fluidity of crude oil
increases, so the imbibition efficiency increases. At 80 °C, the pressure increases from 4 MPa to 10 MPa, the interfacial tension
decreases by 3 mN'm™', and the contact angle decreases by 18.4°. Pressure mainly affects the oil-water interface characteristics by
changing the CO, solubility in the liquid phase. With the increase of pressure, the CO, solubility increases, the interfacial tension
decreases, the hydrophilicity of rock enhances, the fluidity of crude oil also increases, so the imbibition efficiency increases effec-
tively. Heating and pressurization have a certain synergistic effect on improving imbibition efficiency. Under the combined action
of the two, although the interfacial tension only slightly decreases, the hydrophilicity of the rock enhances significantly, which
accelerates the escape of crude oil in the matrix pore throat and effectively improves the imbibition recovery in low-permeability
cores. The research results enrich the imbibition production mechanism, and can provide theoretical reference for CO, injection

development in low-permeability reservoirs.
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Fig. 1 Viscosity and density of experimental oil sample at

different temperatures

Table 1 Physical property parameters and experimental conditions of experimental cores

5 HA% /mm £ /mm FLERE /% BIBER/(x 107 pm?) S %A

1 25.41 30.98 9.84 4.58 20 °C, 0.1 MPa
2 25.41 30.97 9.79 4.55 80 °C, 0.1 MPa
3 25.38 30.94 9.83 4.49 20 °C, 8.0 MPa
4 25.38 30.93 9.86 4.47 40 °C, 8.0 MPa
5 25.42 30.92 9.76 4.51 60 °C, 8.0 MPa
6 25.42 30.99 9.79 4.56 80 °C, 8.0 MPa
7 25.41 30.97 9.77 4.62 80 °C, 4.0 MPa
8 25.41 31.02 9.81 4.59 80 °C, 6.0 MPa
9 25.42 30.94 9.81 4.56 80 °C, 10.0 MPa
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Fig. 3 Flow chart of high temperature and high pressure imbibition oil production experiment
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Fig. 4 Imbibition characteristics in low-permeability cores at different temperatures and 8 MPa: (a) Imbibition recovery

factor; (b) Imbibition oil production rate; (¢) Imbibition characteristic parameters



250

ABEE R (2N TR IR SR L) 2025 4F 04 H

510 B 2 )

T, B R AR ORI WG, RN, 20 °C
b, FZERICR N 23.84%. THE 60 °CHY, SRR
% 32.38%, 1M 80 °CHf, RILH K 34.52%, (L4EF+
T 2.14%, AL 60 °C )5, 4kSETh i iR X5 AU
FR 3 2 A P BT o &1 4 D3 I 2 YRR RE S A5 K
PEE B, 20 °CR, W {EIE W Il N
0.0511 mL-h™', T1fij 80 °CH}, HEEHEZ 0.0717 mL-h',
2553 M TS TR) IR BE T W 4h 7 Ik s 220 08 P A
], il 4c iR, BEE TS, B = e 2]
PERT, RBNBWCOTAE R HER . SCEerh R B, 20 °C
11 e Dy = B WL A B 37 L T B S s Tt I (E B 1 15
Jivmtt A 2R 09 T8 2B 26 7 20 3 T 17T A T B B O 25
4 hJ5, FRMERABURE KIS A B E . E7F. W
T, FIMBL AR, WahrER R, JERALMEN
JiH O S e AR B A O 2 TR R At T 2
Sy, IIE SR iR N BT 2R, B
JE A D R SRR 7, B A IR BB P
Ji—J71H, = CO, g, CO, H/KAHIIHAHY #,
WEFME, RN, St T L0 N
JEIHIR 5 o B IR T, CO, FETK I A7 ek
AN, BB KON IS, A AR T R0
SR, MAZIRZERE, EIECO, fEH FRB &S O
B RCRAM A B A T T R T AR G, U B R T
FERNB IR STERAE 55 T CO, X i v RS B A FH

R T = IE E CO MEH N KBS & LB
SR ER A, {8 FH Tracker—H 518 ¢ S A4 S5 T 5
IR BRI AR A K S Al s, anfE
5PR. HE Sa v, BlE R T, oK ALk
B K, 20 °CHF, FIEK J1 R 15.36 mN-m™', it

18

(@)

17

FEK/(MN-m)

15 L1 | | |
20 40 60 80

REIC
B5 8MPafRREETRESE: REK: O)EMe

JEFHR 2 80 °C, FMITK KA 17.6 mN-m™, HiA
R R, CO I TRIE MRS . FERRIEIRIE T,
MK FHE K IR, A AR R . AR T,
B R B T R, CO, FE AR TP i BE s/, — i,
IKAB I RRMEIRES , o5 —J5 1, HAHFI AR 22 8] A 2%
ZHR, ECHK AR K . BRI T
LI %N N R I N W S i P s I
HRHAYIR . 1B SR, TRLEEXT R —A A R —
FET AR RN A B B, B RERE
ANTRIRLEE T B fil A BB N, A R SR K PR
Ak, BB, A AN, A EK
PGSR, CO, I T/KJETE IRk IR, BRI w A R
(36K TR TR S 30 CO, 78 K Fh Y I it B 0N,
AAHERYEIRES , A RIS . (G A,
TR X Ay 2 T Y Y B RS A FH I K CO, I
Fff (R RS o YR T R O T . KR A R TR
BT, FEEAAECN, A A SR KRR [FE, BE
HIEETH R, AHTEA AR ARG T35, ThAR
JEEEWN, B REEY K, et A U S IRE
DB MCRINECE.

B IE IS N, RS LA T, B IEE Y
NS & TR R, T ELREAS I B 405 )
N S TEB W AR TH AR XS KN 21 B JE N, T
A= (1) Fis

2Co cos 9\/3
Ny = VK (1)

? ApgH
LM, AHoPILMIE R MR ENE, C=04; o

0 1 2 3 4
B [8)/d

Fig. 5 Interface characteristics at different temperatures and 8 MPa: (a) Interfacial tension; (b) Contact angle
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