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Research progress and development prospect of extended surfactants for
enhanced oil recovery

JIN Henggian, YIN Xiangxun, ZHANG Yuxuan, MENG Yao, ZHANG Hongru, CHENG Haoran

Abstract: Chemical flooding is a crucial technical approach to enhancing oil recovery (EOR) by modifying the
multiphase interfacial activity among reservoir oil, water, and rock, holding strategic significance for securing
national energy supplies. Under harsh reservoir conditions, conventional surfactants face severe challenges such as
high precipitation tendencies and deactivation. Extended surfactants (E—surfactants), featuring a unique
"hydrophobic tail — polyether linker — hydrophilic head" architecture, have garnered significant attention due to
their superior thermal stability, salt tolerance, and high interfacial activity. Focusing on the application of E-
surfactants in reservoir chemical flooding, this paper systematically reviews their molecular construction strategies,
interfacial interaction mechanisms, and application performance. It provides an in—depth analysis of the structural
effects of hydrophobic tails, polyether intermediate chains (PPO/PEO), and hydrophilic headgroups; summarizes the
microscopic behaviors of E—surfactants in reducing oil—water interfacial tension (IFT); and outlines the quantitative
matching rules between E-surfactants and crude oil components. Furthermore, based on field pilots in high

temperatures and high salinity sandstone, carbonate, and heavy oil reservoirs, the operational advantages of E-
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surfactants in boosting recovery under hostile conditions are synthesized. Future research on extended surfactants

should continuously focus on intelligent molecular design and high—efficiency, green formulation development,

alongside establishing a comprehensive life—cycle evaluation system. This will further empower extended

surfactants to play a greater role in EOR technologies and expand the application scope of chemical flooding.

Keywords: petroleum; extended surfactants; chemical flooding; structure—property relationship; enhanced oil

recovery
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Fig.1  General structure of E-surfactants
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carboxylate—type E—surfactants; (d) synthetic routes of sulfonate—type E—surfactants
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Table 2 Surface activity parameters of surfactants at 25 °

C [43]
| - cmc/ r/
Surfactant  (mN- (107 mol- pC,, CMC/C,, (10°mol-  CMT/C
m’') L™ m?)
C,PS 32.50 0.63 4.17  9.30 1.78 <0
C,PS 31.20 030 4.58 11.50 1.56 <0
C,.PS 32.10 0.56 4.28 10.30 1.68 <0
SDS 35.00 8.00 251 4.20 2.40 13.20
SLE,S 40.80 0.69 3.64 3.00 2.11 <0
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of PO unit number on molecular interfacial conformation and interfacial tension
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Fig.6 (a) Conformational evolution of molecules at the oil-water interface and their interfacial tension reduction mechanism;(h) Effect
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c—surfactants with a truncated—cone shape depended on the experimental values of minimum spreading area (a’,) and surface

adsorption area (a_) at 25 °C; (c) NaCl tolerance and CaCl; tolerance at 45°C; (d) Lime soap dispersion power at 25 “C""*
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Fig.13

CPE,,C+French Il system; (c) The change of water separation ratio of the above two types of emulsions with time
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(a) The emulsion appearance of polymer compound system of C,P,.E,,C+Baomo I system; (b) The emulsion appearance of
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Table 3 Surfactant properties
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Fig.15 Injection process diagram of alkali—free ternary
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