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Preparation and performance analysis of hydrophobic film layer on
copper-zinc alloy surface by micro-arc oxidation
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(School of Mechanical Engineering , Shandong University of Technology , Zibo 255000, Shandong , China )

Abstract: To address the functional failure of copper and its alloys caused by surface corrosion, a method
combining micro-arc oxidation and silicone oil heat treatment is proposed to construct a long-lasting
corrosion-resistant and hydrophobic film layer on the surface of copper-zinc alloys. Firstly, through micro-
arc oxidation and doping with ZrO: particles, a porous microstructure is constructed iz -situ on the surface of
copper-zinc alloys, and rigid nanoparticles are introduced. Together with micropores, they form the multi-
level micro-nano structure required for a hydrophobic surface. Secondly, the oxide film layer is sealed and
modified with a dimethyl silicone oil solution. Finally, the silicone-oil-modified oxide film layer samples are
heated under a heat-treatment environment to reduce the surface energy of the oxide film layer and achieve
hydrophobicity. The surface morphology, chemical composition, and phase composition of the hydrophobic
film layer are characterized by scanning electron microscopy (SEM) , energy dispersive spectroscopy
(EDS) , and X-ray diffraction (XRD) , respectively. The wettability, corrosion resistance, and durability of
the hydrophobic film layer are tested using a contact angle measuring instrument, an electrochemical
workstation, and a tape peeling test, respectively. The results show that the main phases on the surface of
the hydrophobic film layer are CuO, ZnO, a-Al,O3, y-AlLO;, ZrO,, and SiO,. Compared with the copper-
zinc alloy substrate, the corrosion current density of the hydrophobic film layer is reduced by four orders of
magnitude. The water contact angle increases from the original 64.1° to 139.2°, and the surface adhesion



162 FHRLT A2

2026 49 H

energy decreases from 45.331 mJ/m? to 3.554 mJ/m?. After 150 tape peeling tests, the contact angle of the

prepared hydrophobic film layer surface is still higher than 120°, maintaining good hydrophobicity. This

study can provide certain experimental basis and fundamental guidance for the surface corrosion protection

of copper and copper alloys.

Key words: copper-zinc alloy; micro-arc oxidation; hydrophobic film layer; corrosion resistance

performance ; heat treatment
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Fig.3 XRD patterns of MAO, ZrO,-MAO, TH-MAO film layers
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Sample E.../V(SCE) iron/ (Asem ™ ?)
Cu-Zn alloy —0.1094 1.236<10 2
MAO —0.0916 9.31x10°°
7r0,-MAO —0.0782 2.791X10°°
TH-MAO —0.0685 5.286 X106
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Fig.6  Schematic diagram of tape peeling and the trend of water droplet contact angle on surface of TH-MAO film layer
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