R BRFUDE AL 2026 4F

344 PETROLEUM RESERVOIR EVALUATION AND DEVELOPMENT Flef H2W
S| A& XAE, MRS, Z29¢1l, 45 . 5 ABE IR DUA R i 2 OWAAE 5 SO E 9K i AR SR I ALEL) . S AT S5 71 &, 2026, 16(2): 344-352.

LIU Huang, TANG Linwei, YAN Rongshan, et al. Microscopic characteristics of jimsar shale oil reservoir and oil displacement mechanisms of
modified nanofluids[J]. Petroleum Reservoir Evaluation and Development, 2026, 16(2): 344-352.
DOI: 10.13809/j.cnki.cn32-1825/te.2025115

& REE /R T il i R WO 5 B oK R IR
iH AL

X gt EAE, 2R, REXY ELE, E X
(L. VHRE A MR S AR T AR, VU1 #B 61050052, PR 2 528628, AU 5T 101400 3. LA s A 42y
H] R IR 841000 ;4. H LA HHT SR H 4328 BIEIR TR A4S Be L B se i IB 4K 834000)

WE:NEMBRRETALRLMNHARAEEE BT A EMREAHERRE T - FIARFE R R RS E S84,
T TR R AR BT R SR E I E AT R XCE L FRTEAR T & R AR R B R B AR, A O R AE A R
NBRENEREARFR AN TR AL MR RN ENNRAEN T B LA REANE, 8, KRAFASAH AR
(SEM) & JE JE R %k CT H Aok £ R E A 80K, 94T T2 7L 18 45 7 BUR 3 40 A e A 5 2ok, 38 14 8 B 40 oK Si0, Bk & w08
Fl T e = W AR R A 2 (CTAB) Fn e b 18 B¢ 7| y—30 79 & = W 207k It (KHS590) , # & € 2 #a ki ik & Ja , B 3 — 5 T R
Mo B AR 98 KR B R CO, B E CO, IR A AR R IR A 50 2 B # T R B FR 7 R B B A i 2= R RO AL
fj!—io GREV.FAFRAEREEUMAKIANE, HASHEAB oA MAELER TR, LEARENE RS TR,
T 5% 0 JF R A2 g A P Rt s T8 R A6 E IR M O B8 3R k-2 8 A 0 110° z%é),,lémmhﬁwkr%ﬁ%/}ziﬁﬁaéi%k#%
‘Té(%%ﬁiﬁ/\ﬂ'ﬂo ), HB B KR SR RFRF N p RS e EEE S E AT, B EREFE, 6T
A IR RN 5 3 AL, 3B KB E CO, & vk A 3R B 2 R AT B0 3 KT 15% 5 7R 4ok R B B T 3 B K%
WL AEE R BB B A IR KRR R AR R I SR ERE LNF A AR R, o 8 T A 41.04%, m A T H
FRFT R, P ERET KPR EENTE R EZT LR aR. XERGHHRAERTHAEEN S ETRE
W EREFANRGRUEFLERS HAKABEUETEME REA AW XU EIANEEMNH EHEEHEFE L,
KRR : T & s 2K R M OARAE s 1R Rk R
HE S ES TE3ST ERFRIZAS : A

Microscopic characteristics of jimsar shale oil reservoir and oil displacement mechanisms of

modified nanofluids
LIU Huang'?, TANG Linwei', YAN Rongshan’, SONG Yatian®, LIU Hailong', HUANG Hao'

(1. School of Petroleum and Natural Gas Engineering, Southwest Petroleum University, Chengdu, Sichuan 610500, China;
2. Huairou Laboratory, Beijing 101400, China; 3. PetroChina Tarim Oilfield Company, Korla, Xinjiang 841000, China;
4. Research Institute of Exploration and Development, PetroChina Xinjiang Oilfield Company, Karamay, Xinjiang 834000, China)

Abstract: The efficient development of shale oil reservoirs is a current research focus and challenge. Due to characteristics—such as ultra-tight
formation, coexistence of minerals and organic matter, and the complex occurrence states of crude oil—conventional reservoir development
technologies usually cannot achieve large—scale extraction of shale oil reservoirs. This study aims to improve oil recovery for the Jimsar shale
oil reservoir. Using research methods such as micro—characterization and core flooding experiments, a nanofluid medium for enhancing oil
recovery was developed, and its relevant mechanisms were revealed. Firstly, field emission scanning electron microscopy (SEM), high—pressure
mercury intrusion, micro—CT scanning, and laser confocal analysis were used to analyze the shale pore structure and the distribution
characteristics of crude oil. Subsequently, a stable and dispersed nanofluid was prepared by compounding nano—SiO, particles, the surfactant
hexadecyltrimethylammonium bromide (CTAB), and vy —mercaptopropyltrimethoxysilane (KH590). Finally, core experiments, including
imbibition using formation water and nanofluid, CO, huff and puff, CO, flooding, and nanofluid flooding, were further conducted to clarify the

differences in shale oil mobilization and the oil displacement mechanisms under different extraction methods. The results showed that the
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Jimsar shale reservoir pores were predominantly micro— to nano—scale with diverse morphologies and locally distributed micro—fractures. As
the pore size decreased, the composition of the crude oil contained within became lighter, thereby affecting the produced gas—oil ratio during
the development process. The original wettability of the shale was weakly oil-wet (water—rock contact angle~110°), and it was transformed into
a stable, strongly water—wet state (contact angle <30°) after nanofluid modification. The compounded nanofluid could maintain good long—term
dispersibility and stability, and its density was close to that of formation water, avoiding potential damage to the reservoir. Constrained by
characteristics such as small pore size and weak oil-wettability of the shale, the performance of formation water imbibition, CO, huff and puff,
and CO, flooding was unsatisfactory, with displacement efficiencies all below 15%. Nanofluid imbibition outperformed formation water
imbibition, though its effective distance remained limited. Nanofluid flooding achieved a oil displacement efficiency of 41.04% through the
combined effects of multiple mechanisms such as wettability alteration, chemical flooding, and imbibition replacement, significantly
outperforming other development methods. Among them, reservoir stimulation to expand the injection and sweep range of the nanofluid was a
key prerequisite for field implementation. The nanofluid developed in this study can effectively improve the development conditions of shale

reservoirs, and its flooding technology demonstrates notable advantages in enhancing oil recovery. The findings provide important guidance for

the development and application of nanofluid—based shale reservoir modification technology to improve shale oil recovery.
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Table 1 Basic physical properties of shale cores
Y K /em HA%/em BiERN07 pm®  FLBE/%
1 3.930 2.532 0.003 9 6.36
2 3913 2.521 0.003 4 6.92
3 3.915 2.529 0.006 8 7.78
4 3.928 2.529 0.006 3 7.51
*2 WERERMKREERT
Table 2 Formulations of nanofluids for shale modification

-~ U R0 /%

Sio, TiO, CTAB  TX-100 KH590
R 1 0 0.5 0.5 0 0
157 2 0.5 0 0.5 0 0
B 3 0.5 0 0 0.5 0
R 4 0.5 0 0.5 0 0.2

*3 BERE.EETREMER
Table 3 Fluid properties at reservoir temperature and
atmospheric pressure

TR HIE(glem?) ZRE/ (mPa-s)
HiJZ 7k 1.013 6 0.23
UMK A 1.017 8 0.77
LRI 0.895 4 8.62
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Fig. 1 SEM images of core samples
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Fig. 2 XY-plane slices of core samples at different locations
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Fig. 3 Capillary pressure curves of core samples
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Fig. 4 Laser confocal results of core samples
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after treatment with different fluids
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