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ABSTRACT: Inspired by the superhydrophobic and superhydrophilic properties of the animal or plant surfaces in nature,
biomimetic superwetting membranes as a new kind of oil-water separation material has attracted widespread attention
from scientific researchers due to its tremendous development potential and broad application prospects in the field of

oil-water separation. The basic theoretical models affecting the surface wettability of membrane materials were discussed by
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analyzing the Young equation, Wenzel model and Cassie model. The two key factors affecting the preparation of the
superwetting membranes were summarized as the surface tension and hierarchical micro/nanostructures. Therefore, the
superwetting membranes are fabricated by two main ways: designing nano/micro-hierarchical structures on hydrophobic or
hydrophilic surfaces and modifying rough surfaces with low or high surface energy materials. Up to now, various approaches
have been reported for the preparation of superwetting membranes, including electrospinning, plasma etching, chemical vapor
deposition, solution immersion method, electrochemical deposition, etc.

Through the comparative analysis on the oil-water separation process of various membranes with different superwetta-
bility, the technical advantages of superwetting oil-water separation membranes were summed up as the good oil-water selec-
tivity, high separation efficiency, simple operation, low energy consumption, etc. The superwetting membranes could effec-
tively separate multiple types of oil-water emulsions by the combination of physical filtration and interfacial selective adsor-
ption. When the emulsified oil-water droplets were in contact with superwetting membranes, water could permeate through
superhydrophilic membrane from the pore size and the emulsified oil droplets were blocked due to the physical filtration.
Meanwhile, some of the water droplets could form a stable water film on the superhydrophilic membrane surface, which
enhanced the demulsification effect and blocked the penetration of the emulsified oil droplets. On the other hand, when
the superwetting membranes were used to separate water/oil emulsions, the water droplets emulsified in oil could be
filtered by the smaller pores and the shield oil film formed by the selective separation of the superwetting membranes.
Therefore, the separation mechanism of the superwetting oil-water separation membranes for the stable oil-water emulsions
could be classified into two categories: the sieving effect based on the membrane pore size smaller than the emulsion size; the
interfacial demulsification and selective separation achieved by the diametrically opposite wettability of membrane materials
to oil and water.

On this basis, the research progress of common superwetting oil-water separation membranes in recent years was revie-
wed, such as superhydrophobic and superlipophilic membranes, superhydrophilic and underwater superoleophobic memb-
ranes, Janus membranes and smart polymer membranes. The preparation methods, separation properties and mechanism of the
above-mentioned superwetting membranes were summarized. Meanwhile, the advantages and disadvantages of the different
types of superwetting membrane materials were analyzed in detail during the separation process. Finally, the existing problems
and challenges of the superwetting oil-water separation membranes were put forward to prospect the development direction
and application prospect of superwetting membranes. It is believed that this review of superwetting oil-water separation
membranes will be beneficial to promoting their technical development and practical applications in the oil-water separation
fields in the future.

KEY WORDS: superwettability; membrane materials; emulsified oil; oil-water separation
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Fig.6 Preparation process and function of Janus membrane based on PVDF!*; a) preparation process and oil-water separation
principle of modified PVDF membrane; b) microstructure of modified PVDF membrane; ¢) comparison between contact angles
of PVDF membrane and modified PVDF membrane; d) self-cleaning performance of modified PVDF
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Fig.7 Preparation and separation mechanism of smart membrane : a) principle of modified fiber membrane in
wetting oil droplet under different pH; b) preparation process of microporous smart membrane prepared from porous
anodic alumina membrane; ¢) wettability conversion principle of smart membrane under different pH; d) separation

effect of smart membrane on water-in-oil emulsion and oil-in-water emulsion
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