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Surface with Ultrafast Laser Micro-Nano-Structuring
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Abstract
titanium alloy Ti-6Al-4V surface. These micro-nanostructuring metal surfaces show a great change of their optical

Large area uniform micro-nanostructures are fabricated by single-beam femtosecond laser ablating

properties. Three significantly different surface structures, such as sub-micron ripple structures. ripple-covered
bulge structure and the micro-porous structure, are obtained by controlling the processing parameters. These three
types of surface structure, which correspond to different visual effects, make the titanium alloy exhibit“rainbow-like

color”, “blue” and “black”, respectively. The formation mechanisms of these surface structures, as well as the roles

of these structures in changing metal-surface optical properties are also discussed.
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Fig. 1 Experimental setup for metal surface

modification by femtosecond laser irradiating
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Table 1 Composition of Ti-6 Al-4V (mass fraction, %)

Al \% Fe Si

C

N H O Ti

5.5~6.8

3.5~4.5 0.3 0.02 0.
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Fig. 2 Photographs of different colors on the Ti-Al6-4V alloy surface which produced by femtosecond laser pulses ablating.
(a) Dark yellow and blue on the Ti-6 Al-4V surface; (b) various colors and blue on the Ti-6 Al-4V surface; (c¢) black

Ti-6 Al-4V; (d) gray Ti-6Al-4V. Diameter of the circular sheet is 25. 4 mm
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Fig. 3 Wavelength dependent reflectance of polished,
color, blue, and black titanium alloy Ti-6 Al-4V
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Fig. 4 SEM images showing surface structure features of the color Ti-6 Al-4V
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Fig. 5 SEM images showing surface structure features of the blue Ti-6Al-4V
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Fig. 6 SEM images showing surface structure features of the black Ti-6 Al-4V
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