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Fabrication of Superhydrophobic Nickel-Aluminum Bronze Alloy Surfaces
Based on Picosecond Laser Pulses
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Abstract The micro-nano composite structures with different micromorphologies are prepared on the nickel-
aluminum bronze alloy surfaces by a picosecond laser, and then surface-modofied by stearic acid. Scanning electron
microscopy and X-ray diffraction and others have been performed to characterize the morphologies and chemical
composition. The research results show that the contact angle of the surfaces obtained by picosecond laser
processing and surface modification of stearic acid is more than 150°. The samples have different surface
morphologies and wettability under different laser fluences. With the increase of laser fluence, the sliding angle of
the modified sample surface gradually decreases. When laser fluence is 6.85 J/cm?®, the sliding angle decreases to
7°. With the further increase of laser fluence, the sliding angle gradually increases again. The corrosion resistance
test results show that the surface of superhydrophobic nickel-aluminium bronze alloy has better corrosion resistance.
The superhydrophobic surface of nickel-aluminium bronze alloy can be machined with optimized process parameters,
which is helpful to improve the corrosion resistance of nickel-aluminium bronze alloy.

Key words laser technique; laser etching; nickel-aluminum bronze alloy; micro-nano composite structure;
superhydrophobicity
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Table 1 Laser processing parameters

Pulse Repetition Repeat Scanning Spot Scanning
Parameter ) Wavelength /nm ) } )
duration /ps rate /kHz time interval /pm  size /um  speed /(mmes ')
Value 10 1064 500 5 30 30 200
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Fig. 2 Schematic of picosecond laser scanning path. (a) Horizontal scanning; (b) vertical scanning; (c) repeating region

of horizontal scanning route and vertical scanning route; (d) overlap region of horizontal and vertical scanning route
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Fig. 4 SEM images of different regions at laser fluence of 6.85 J/cm®. (a) Edge portion of pit;

(b) columnar protrusion; (c¢) bump at bottom of pit
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Fig. 5 3D morphologies and cross-sectional profiles of as-prepared sample surfaces at laser fluence of 6.85 J/cm?”.
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(a)(b) Overall 3D morphologies; (c¢)(d) local 3D morphologies; (e)(f) cross-sectional profiles
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Fig. 6 Contact angle and sliding angle versus laser fluence. (a) Contact angle; (b) sliding angle
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Fig. 7 Water droplets on nickle-aluminum bronze alloy surface. (a) Water droplet on polished nickel-aluminum bronze
alloy surface (left) and superhydrophobic nickel-aluminum bronze alloy surface (right); (b) water droplets on
nickel-aluminum bronze alloy surface with a sliding angle of 90°; (c)-(e) dynamic decomposition diagram of water

droplet contacting with superhydrophobic nickel-aluminum bronze alloy surface
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Table 2 EDS of nickel-aluminum bronze alloy surfaces at different treatment stages
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C (0] Al Mn Fe Ni Cu
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