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GUO Leyang, LI Wen-ge, WU Xin-feng, JIANG Tao, ZHANG Shi-tao, ZHANG Yang-yang

(Shanghai Maritime University, Merchant Marine College, Shanghai 201306, China)

ABSTRACT: Facing the loss caused by low temperature disaster and extreme freezing weather, anti-ice/deicing coating is
particularly important. Eliminating the ice on the surface has attracted a large number of scholars to research. The mechanism of
anti-ice/deicing coating is divided into structural type and physicochemical type. The former is mainly in the form of building
micro-nano rough structure on the surface of substrate. The latter is mainly in the form of adding materials that can prevent water
droplets from staying on the surface, delay icing or make ice easily fall off through its own physical and chemical properties. Firstly,
the microstructure mechanism of structural anti-ice/deicing is summarized according to the proposed time, which mainly including

Young equation, Wenzel equation and Cassie-Baxter equation. Then, the main methods of building micro-nano rough structure in
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the existing literature are reviewed. The surface hydrophobicity can be increased and hysteresis Angle can be reduced by
constructing micro-nano rough structure. According to the classical nucleation theory and nucleation free energy barrier formula, the
superhydrophobic surface can improve the anti-icing property of coating. The decrease of lag Angle can shorten the retention time
of water droplets on the coating surface and prevent the retention into ice. Existing methods can successfully construct micro-nano
rough structures on the surface of substrate which meet the requirements of hydrophobicity, but they are limited in practical
application. The size of the workpiece and the use environment should be considered to select a convenient, feasible and economical
construction method. Secondly, the microscopic mechanism of physicochemical type anti-ice/deicing is also summarized according
to the progress of proposed time. Physicochemical anti-ice/deicing materials mainly include low surface energy, photothermal and
phase change materials. In most of the study, these two kinds of anti-ice/ deicing mechanisms are often combined to achieve the best
effect. Coating is mainly composed of film forming substances, functional fillers, solvents and additives. The main functional fillers
of anti-ice coatings are superhydrophobic materials, that is, to construct micro-nano structures or reduce surface energy. The fillers
which can reduce the surface energy mainly include fluorine carbon and fluorine silicon materials. In addition, functional fillers
include photothermal materials and phase change materials. These fillers can reduce the retention time of water droplets, increase
the melting rate of ice after formation and delay the freezing time of ice. Finally, the development trend of anti-ice coating is
prospected. At present, there are many researches on anti-ice/deicing surface, and mature products have been put into the market.
However, there is no best but better material field. With the progress and improvement of science and technology, scientists need to
continuously research and optimize. In the process of future research, the stability, wide applicability and economic practicality
of anti-ice/deicing materials should be fully considered. They are not completely independent, but complementary, which can
improve the depth and breadth of anti-ice coating application, and actively respond to the market demand. In addition, the
performance measurement of anti-ice/deicing coating varies from researcher to researcher, and there is no definite standard for
time scale and force size in the test, which is not helpful for researchers to analyze and compare previous experimental data. The
development of a unified performance test standard will also better assist the research of anti-ice/deicing coating.

KEY WORDS: anti-icing coating; deicing coating; super-hydrophobic surface; phase change material; photothermal material
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Fig.1 The timetable of several major theoretical aspects of structural
anti-ice/deicing liquid-solid surface interactions
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Tab.1 Microstructural superhydrophobic surfaces prepared by different construction methods

Microstructural

Hydrophobic

construction method Material Substrate Angle Literature
s . ; i Glass plates 157.2° 26
Sol-gel method Tetraethyl 0th0s1hcate, ammonium hydroxide : p 70 [26]
Tetranbutyl titanate; ethanol; polyethylene glycol Filter paper 150 [28]
HCI Aluminum alloy 156° [30]
. . H,0,; HCl/ HNO; Steel 160° [31]
Chemical etching ' e oo, 7075 aluminum 158° [32]
H,0,; HCI; deionized water Aluminum 156° [33]
. Nickel chloride; myristic acid Copper 160.3° [37]
electrodeposition ’ ) ) o . R
Magnesium nitrate; ethanol solution of stearic acid Magnesium alloy 156.2 [38]
Ethanol; Polystyrene; tetrahydrofuran Glass plates 159° [40]
1,4-butanediol; cyclohexanol; butyl methacrylate; ethylene o
Phase separation glycol dimethacrylate; azo diisobutyronitrile Glass plates 1538 [41]
1,4-butanecIlol; N-methyl-2-pyrrolidone; butyl methacrylate; Glass plates 159.5° [42]
ethylene dimethacrylate
Electrostatic spinning Polystyrene; N,N'-dimethylformamide — 152.9° [44]
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Fig.2 The process of preparing micro-nano structure materials by sol-gel method
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Fig.5 SEM images of the coatings prepared by electrospinning with different solution concentration
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Fig.6 The timetable of the proposal and development of important theories of
low surface energy anti-ice/deicing
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Tab.2 Method of adding different functional materialsto improve the anti-ice/deicing performance of coatings

Method Materials Substrate Hydrophobic Literature
angle
Si0,; Ti0,; fluoroethylene vinyl ether Glass plates 166.3° [51]
Fluoroc}arbon Ceria; polytetrafluoroethylene 1045 steel 134° [52]
coatings
Si0,; polyvinylidene fluoride Aluminum 159° [53]
Si0,; tridecafluoro-1,1,2,2-tetrahydrooctyl-trichlorosilane  Paper 176° [57]
Fluorin-  SiO,; fluorinated silicon-based copolymer Concr_ete‘; steel; glass plates; >160° [58]
silicon ceramics; paper
coatings  SiO,; tetraethylorthosilicat; vinyltriethoxysilane;
1H,1H,2H,2H-perfluoroalkyltriethoxysilanes; Glass plates 112° [59]
perfluoroalkylpolyether
Nanoc_arbon ﬁbe.:rs; polydimethylsiloxane; Glass plates 103° [60]
polyvinylpyrrolidone
Carboxylic multi-wall carbon nanotubes; SiC powders;
tetraethyl orthosilicate; 1H,1H,2H,2H- EVA 161° [61]
Solar heat . ’
. perfluorodecyltrimethoxysilane
coatings
Titanium nitride; TiN nanorods; polytetrafluoroethylene Q235 156.2° [62]
Todine; SiO,; SiC EVA 162° [63]
Fe;04 nanoparticles; polydimethylsiloxane Glass plates 150° [64]
Phase change PEG; Si0,; cement — — [66]
coatings  p_dodecane; n-tetradecane; melamine-formaldehyde resin -~ Aluminum 127° [67]
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Fig.7 The device for observing the characteristics of ice growth (a); compare the ice growth rate

characteristics on uncoated and coated substrates (b
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Fig.8 The state of droplets on a bare glass sheet (a), silane

polymer network coating (b) and silane polymer (c) network
coating impregnated with PFPE lubricant™”!
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