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Micromachining of Titanium Alloy Implant by Picosecond Laser Surface
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Abstract Titanium alloy has excellent comprehensive properties, and it is widely used in clinical applications.
Studies show that it is helpful to improve the biocompatibility of titanium alloy implant by introducing specific
textures to the surface. A pulsed picosecond laser emitting at 1064 nm was used to process titanium alloy (Ti-6 Al-
4V), and the biocompatibility of laser textures was verified. Orthogonal experiments were designed, and the surface
morphology of the samples was analyzed by using scanning electron microscope, scanning probe microscope and
confocal microscope. The relationship between surface morphology of titanium alloy and picosecond laser processing
parameters was investigated in order to determine the optimal process parameters. Meanwhile, cell culture and actin
cytoskeleton staining were conducted. The experiments show that the picosecond laser surface texturing plays a role
in promoting and guiding growth of cells.
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Table 1 Elemental analysis of TC4 surface

Component Al \% Ti Other

Mass fraction /% 5.5-6.8 3.4-4.5 88.1-91.1 Residual
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Fig. 1 SEM images of the titanium alloy surface following picosecond laser treatment. (a) Sample obtained when P =25 W,
=500 mm/s, N=5, f=400 kHz; (b) sample obtained when P=25 W, v=1000 mm/s, N=10, f=1000 kHz;
(¢) sample obtained when P=30 W, v=2000 mm/s, N=10, f=400 kHz
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Fig. 2 SPM images of the titanium alloy surface processed by picosecond laser. (a) 3D morphology of sample surface;

(b) 2D profile of the groove
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Fig. 3 Grooves depth versus scaning speed Fig. 4 Grooves depth versus scanning times
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Table 2 Serial number and specific size of biocompatibility test samples

Serial number Spacing /pm Depth /pm
1 75 4.0
2 150 4.0
3 75 2.5
4 150 2.5
5 75 1.0
6

150 1.0

Kl 5 SEM 43 #r Z B FAT AR SR, (O WAERIEE 75 pm; (b) AR EEE 150 pm
Fig. 5 SEM image of multiple parallel grooved structure. (a) Spacing is 75 pm; (b) spacing is 150 pm
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Fig. 6 Cell culture and actin cytoskeleton
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