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Preparation of superhydrophobic film on
magnesium alloy surface based on micro-nano binary structure
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Abstract: Micron scale rough structures on magnesium alloy substrate surface were acquired by micro-arc oxidation
technique. Nanoscale rough structures on the surface of micro-arc oxidation coating were prepared by painting epoxy
acetone solution and silica suspension subsequently. Superhydrophobic duplex-treated film was fabricated by
perfluorodecyltrichlorosilane self-assembled monolayers deposited on micro-nanostructures. Scanning electron
microscope, X-ray diffractometer, contact angle measurement, high-speed camera system and electrochemical
workstation were used to analyze the surface morphology, wettability and corrosion resistance of films. The results
indicate that micro- and nanostructures of micro-arc oxidation and nano-silica play an important role on preparing
superhydrophobic surface. The contact angles on duplex-treated film increase initially, and then reduce with increasing
the concentration of silica suspension, and finally stabilize at around 150° gradually. The maximum contact angle of 161°
is acquired when the concentration of silica suspension is 10 g/L. And the films possess the characteristics of low
adhesion. The potentiodynamic polarization curves indicate that, comparing to the bare magnesium alloy, the corrosion
resistance of micro-arc oxidation coating and duplex-treated film increases significantly by 2—3 orders of magnitude.
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Table 1 Composition of magnesium alloy

Element Mass fraction/%
Mn 1.5-2.5
Ce 0.15-0.25
Al 0.20
Zn 0.30
Impurity 0.30
Mg Bal.
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Fig. 1 Surface morphology of micro-arc oxidized coating
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Fig. 2 XRD pattern of micro-arc oxidized coating
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Fig. 3 Schematic diagram of preparation of micro- and

nanostructure duplex-treated coating
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Fig. 4 Morphograph of coating embedded by nano-silica
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Fig. 5 Contact angles on surfaces of micro-arc oxidized

coating with different concentrations of silica suspension
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Fig. 6

Sequential photographs of 4 pL water droplet

contacted with superhydrophobic surface
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Fig. 7 Sequential photographs of 8 uL water droplet slipping

on superhydrophobic surface by high-speed camera system
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Potentiodynamic polarization curves of different

treated films on substrates in 3.5% NaCl solution
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Table 2 Potentiodynamic polarization parameters of three substrates in 3.5% NaCl solution
Substrate Peon! V Joon! (Arcm?) BV BV Rp/Q
Bare —1.542 4.16X107 0.048 0.172 3.91%X10°
Micro-arc oxidized coating -1.507 7.69X 107 0.059 0.147 2.37X10*
Duplex-treated coating —1.484 9.31x10°" 0.062 0.139 1.99x10°

.. Anode Tafel constant; fS.: Cathode Tafel constant; Rp: Electrochemical impedance; ¢.,,: Corrosion potential; J,,,: Corrosion

current density.
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