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Visualization Investigation of Enhanced Oil Recovery by the
Synergy of Cations and Surfactants
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[ Abstract] The enhancement of oil recovery by altering the salinity and ion composition of injected water has become a focal point of
numerous studies. However, there is relatively less attention given to techniques combining surfactants with the quality injected water.
To investigate the synergistic effects of different cations and surfactants on recovery efficiency, micro-scale displacement experiments
were conducted to simulate the displacement process, along with experiments measuring interfacial tension and viscoelasticity modulus
at the oil-water interface. Results from the micro-scale displacement experiments show that 10 000 mg/L NaCl solution and 50 000
mg/L CaCl, solution exhibite the best oil recovery efficiencies, reaching 64. 51% and 59.27% respectively. After adding surfactants,
the efficiency improved further with 10 000 mg/L NaCl +0.2% dodecyl dimethyl ammonium betaine solution and 50 000 mg/L CaCl,
+0.2% hexadecyl trimethyl ammonium bromide solution achieving the highest recovery rates at 87.28% and 80.92% respectively.
Results from the interfacial tension and viscoelasticity modulus experiments indicated that when anionic and nonionic surfactants were
added to NaCl and CaCl, solutions, the interfacial tension reached the magnitude of 10™' (m+N)/m. However, with the addition of
amphoteric and cationic surfactants, the interfacial tension decreased to the magnitude of 10> ~ 10> (m+N)/m, accompanied by a
significant decrease in viscoelasticity modulus. This study explores the mechanisms of the synergistic effects of different cations and
surfactants on the displacement process, considering factors such as interfacial tension, viscoelasticity modulus, and wettability, and
microscale oil displacement behaviors thus providing a comprehensive analysis of the relationship between multiple factors and recovery
efficiency.
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Table 3 Composition of displacement fluid

>, ey /) =] 9 Q .
BORIRATHUA 7)) BRI AE (5 Lspo22A) . 75 A AR
S / al
i & B il ‘ e
filﬁi%iw'l%ﬁ(BDMOO)éﬁET%@EM(iv. ) MS NaCl 1 0000 mg/L NaCl
VTP23) AL K (Entris®I BCE) 3 HS NaCl 50 000 mg/L NaCl
1.2 SLEAE 4 LS CaCl, 5000 mg/L CaCl,
SO E R R MO R s WS Cacl, 10 000 m/1. CaCl,
%1 MRk 6 HS CaCl, 50 000 mg/L CaCl,
1 EIKB R
= 7 MS NaCl + SDS 10 000 mg/L NaCl +0. 2wt% SDS
Table 1 Composition of formation water
8 MS NaCl + BS-12 10 000 mg/L NaCl +0. 2wt% BS-12
LR/ NaCl/wt%  CaCl/wi% MeClL/wi%  KCL/wi% 9 MS NaCl + CTAB 10 000 mg/L NaCl +0. 2wt% CTAB
-1
(mg-L”) 10 MS NaCl + Tween 80 10 000 mg/L NaCl +0. 2wt% Tween 80
50 000 80 10 7 3

x2 FEHRASR

Table 2 Crude oil composition table

11 HS CaCl, +SDS
12 HS CaCl, +BS-12
13 HS CaCl, + CTAB

50 000 mg/L CaCl, +0. 2wt% SDS
50 000 mg/L CaCl, +0. 2wt% BS-12
50 000 mg/L CaCl, +0.2wt% CTAB

14 HS CaCl, + Tween 80 50 000 mg/L CaCl, +0. 2wt% Tween 80

WiE B/ %

AT/ %

TG/ %

54.58 16. 15

e/ % VLS 75 5 000 mg/L K FEAK ; MS %77 10 000 mg/L ™ L JE
16. 53 7K s HS 7R 50 000 mg/L i fLJEIK ,

¥ F5 M HE - www. stae. com. cn



2025,25(2)

Y55, A5 < B B 1 DI R) 38 197 A1) i s SR e 3 T AL S 545

LRG3 MM, W 2 7R, 905 3K
BN, T 1088 7 s At JZ=K B0 A s
W R R AR R G0 h 80 8 OB s IR L TR
HURGS, JH T 5 I R TR, 6 552 96 45 SR kA 7 i %
OIAT s RS A 2 Tl B R RS 2 R L AL
WU FLER R 25 2544, P 2 J/R T iR B AL 4 A P, O
HRA TR R /I [ B AR o A i B, A DX o L
Bt 38 o A (B P R /N B HE 9 o BE TR I > oA A
Al 2 A3 1 DX 3

k& | (- I—

32 5

—— O 1]

1 AR AE 2 A T 53 e RS
4 I BT ;5 AL 6 A BERIER
2 OERE R A

Fig. 2 Schematic of the displacement device
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Fig. 3 Sinusoidal curve of time-interfacial tension-surface area-rotational speed
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Fig. 9 Interfacial tension between crude oil

and different brine with four kinds of surfactants
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Fig. 10 Viscoelasticity between crude oil and different

brine with four kinds of surfactants
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Fig. 14 Relationship among wettability-interfacial tension-viscoelasticity and oil recovery
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