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Fabrication of Copper-based Superhydrophobic Structure by
Electrochemical Method and Its Corrosion Resistance
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ABSTRACT: The work aims to improve the corrosion resistance of copper in marine environment. The superhydrophobic
structure was prepared on the copper surface by chemical etching and electrochemical oxidation film formation. Single factor
experiments were applied to investigate the rule of effect of stearic acid concentration, benzotriazole concentration,
electrodeposition voltage and electrodeposition time on the contact angle of the prepared surface structure. The corrosion
resistance of copper-based superhydrophobic structure in 3.5% NaCl solution was investigated by potentiodynamic polarization
curve and electrochemical impedance spectroscopy (EIS). Results revealed that, the contact angle of the prepared copper-based
superhydrophobic structure reached 158° and the sliding angle was 3° when stearic acid concentration was 0.02 mol/L,
benzotriazole concentration was 40 mg/L, electrodeposition voltage was 8 V and corrosion time was 12 h. The potentiodynamic
polarization test indicated that, both the anodic and cathodic reactions were restrained by the superhydrophobic surface; the
self-corrosion current density of the copper in the 3.5% NaCl solution and subject to superhydrophobic treatment was decreased
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by two orders of magnitude, compared with the untreated copper, and the corrosion inhibition efficiency was as high as 99%.

The electrochemical impedance measurements suggested that, the copper-based superhydrophobic film had excellent corrosion

resistance when the charge transfer resistance increased from 1.61 kQ-cm?®to 41.3 kQ-cm®. Therefore, the superhydrophobic

structure can be prepared on the copper surface by chemical etching and electrochemical oxidation film formation and exhibits

excellent corrosion resistance in marine environment.

KEY WORDS: copper; superhydrophobic; electrochemical impedance; corrosion resistance; marine environment; chemical

etching; electrochemical oxidation
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Tab.1 Electrolyte composition

Number Electrolyte
1 0.02 mol/L stearic acid

2 0.1 mol/L stearic acid

3 0.02 mol/L stearic acid + 20 mg/L benztriazole
4 0.02 mol/L stearic acid + 40 mg/L benztriazole
5 0.02 mol/L stearic acid + 80 mg/L benztriazole
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Fig.1 Contact angels (CA) and sliding angles (SA)
with different electrolytes
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Fig.2 Contact angels (CA) and sliding angles (SA) at
different electrodeposition voltages
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Fig.3 Contact angels (CA) and sliding angles (SA)
at different electrodeposition time
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Fig.5 Morphology of bare surface and superhydrophobic surface
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Tab.2 Relevant parameters obtained by polarization curves

Condition EeormV Jeor/(HA-cm ™) Sa/(mV-dec™) —B/AmV-dec ) /%
Superhydrophobic -0.189 5.36 249 264
Bare -0.272 0.042 254 278 99.2
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Fig.7 Electrochemical impedance spectroscopy of
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Tab.3 Relevant parameters obtained by electrochemical impedance test

Condition R/(Q-cm?) CPE/ (WF-em™@)  n, R /(kQ-em?) CPE/(uF-em™@) ng  W/(kQ-em®) 1E/%
Superhydrophobic 642 6.80 0.92 1.61 49.2 0.64 3.27
Bare 10238 1.24 0.97 41.3 30.1 0.68 96.5 96.1
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