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Abstract

Given the unclear occurrence patterns of microscopic remaining oil and limited improvement of
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displacement efficiency in tight sandstone oil reservoirs after CO: flooding, systematically re-
viewed are the formation mechanisms, occurrence characteristics, and dynamic evolution of mi-
croscopic remaining oil during CO: flooding. Compared and analyzed are the principles, merits,
and limitations of key characterization techniques, including focused ion beam-scanning elec-
tron microscopy (FIB-SEM), X-ray computed tomography (CT), and nuclear magnetic resonance
(NMR), while current research bottlenecks and future development directions are discussed.
Identified are five core formation mechanisms, three occurrence types by pore-throat scale, and
five typical microscopic morphologies of remaining oil. Demonstrated is the dynamic evolution
of remaining oil at different CO: flooding stages: the continuous oil phase in large and medium
pores is preferentially displaced in the early stage, whereas remaining oil accumulates in micro-
nano pore-throats in the late stage, and miscible flooding effectively lowers the minimum recov-
erable pore-throat size and improves displacement efficiency. Confirmed is that multi-technique
integrated multi-scale characterization provides an effective approach for overcoming the limi-
tations of single methods. The reviewed findings offer reliable theoretical support for the effi-
cient development of CO: flooding, enhanced oil recovery, and remaining oil recovery in tight
sandstone oil reservoirs.
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Figure 1. Focused ion beam scanning electron microscope analysis results [19], (a) Sample A, 2113.55 m. The corrosion pore
is well developed with micro-cracks and chlorite cladding in the pore; (b) Sample Y, 1916.30 m. Micropore is filled by chlorite,
and feldspar dissolved pore is developed, and the pore is connected by intergranular cracks; (c) Sample C, 2306.57 m. The
pore is filled with chlorite and kaolinite, and the compaction is strong

B 1. REBSFRAMBEIMNE9], (a) #MmA, 211355 m. FHLLE, DHREE, LIBEFIRINERXERE
75 (b) @Y, 191630m. MILRWERAET, KEKAFL, FLIREILIKIESEER; (o) #m C, 2306.57m,
LEE#RRA. BIRAER, E{EMEI

4.2. CT HE S =S EHFAR

ORI CT BfG2E —Fh TR =4S, REREAEABEIRAE S (15 0 T SREL P S AL RS A R A4 43
fifgE. CO IECKLL CT Mg, T CE[19FIHZ R CT EHA, &R EETFRERHBERA,
XPSR R 22 Wi gkt X M XA 6 MEMIISE DA il 2 AT AN R RO AL 7 e A, T T = ARG FLBR S 1
B, 7R T ek CT 59K CT 5 U Rl -G SRAE S 7E 1R 500 B0 i 2 9K G F LG 3 T AR R« 10715
[FFEE T COL IR JG T ARV AL, Sl LR AT 5 (1 CT BME, IR 4R 9 1 434 A B AR

CT SR RAE TN AT [ B AE T X 4> COo JMAIK =4, BT CO, Al I FEAHIT, H M CT #ELAIX
5y KHABEHE CT BRI PERAT CT, FIHAFReRE NRICREIW Z R, A2 AHRAI X 7. thah, W
CO, R MNP S5 7R A T SR AR LU RS o X T BUB A6 )2, B TFLBRRST /D, fFREYEK CT 4
REZr#E, (HYUK CT WA/, AR 2 REERIESNE, A REHURAERS B SR

CT BRI DR BAET: PR ATl =4EnT Mk, ATE 3, BEETT R 0 R I AL
DX Sy, SEOR B I AR A SERH RN . KA AR R IREESE: HPrR S EHIZ), SaPR90K CT
I LA TCK s COo 1 7K ZARGAR B X 3 M 2K BB o B R R, AR e A AE 05 ) WA
DA RALEE RHERTE . ST S, 2R CT MG HRES R RALBUE RS & oW R R G RosiE. F
M2 REE CT BUGHAIREUHS EREA 4R ) Fr 50 S B 1 = 4B AR R, 43 mlin < 2 F1EE 3 fos

4.3. BRIIRZAK

PRI EARINMR) S AT A LA U5 1 [R5t A5 5 R RAL LA I A o B st R 8] T 55 FLER
SPARRUE EE, 38R T W AT DA AN R R LB AT . CO BT IR T B A2 K 7T S el A i fR £L A% 20 A
FHIE. NMR BORBENS 2 ST 5T Shiat R A B AR A A RE ,  SBLARR I m] s T8 0 i g e

£ COp BRAH KM T, SO BRODE R REIEIR SR, oM TR IE M CO KM A ML, AL T
XL R RASCR FIAER o FEAAE [2 112 TR IR 5 20 TR S (5 (K073, RGEWHIT T 1RE - BUE K
AR AT T CO, 55 FUAR B P R S X TR A sgmatke i, 04T 1A FLER R
JE PR B R AE . RSk, NMR HORIE T T CO B AR i A AN L RO Bh A5 MR, Sl s S B
O T2 8, SEIFIBERAN R ALAR AL B A O SR 2 A

DOI: 10.12677/me.2026.143065 642 i AR


https://doi.org/10.12677/me.2026.143065

Wrfiesh <5

100 pm
’ 1

Figure 2. Two dimensional slice of sandstone sample [20]
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Figure 3. Three dimensional data volume of sandstone sample [20]
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Figure 4. T2 spectrum variation during COz flooding [22]
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Figure 5. Core imaging before and after experiment [22]
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Table 1. Correspondence between mechanisms, occurrence characteristics, and characterization technologies for different
types of remaining oil in tight sandstone reservoirs after CO: flooding
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