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Abstract: In this paper, a femtosecond green laser with wavelength of 515 nm was used to process the AZ31
magnesium alloy. The laser ablation threshold and ablation rate of Mg alloy were calculated. The mechanism of
femtosecond green laser process was determined. The effects of surface microstructures on corrosion rate of AZ31
magnesium alloy was compared and analyzed. The results show that the laser ablation threshold of AZ31 magne-
sium alloy is 1.46 Jiem?, the ablation rate is 0.68 um/pulse in the laser fluence of 8.36 Jicm?, the ablation rate in-
creases with the laser fluence increasing. The high-quality holes can be fabricated with the laser fluence of 8.36
Jiem? and the pulse number of 1000. In terms of the corrosion rate of magnesium alloy, the groove structure is less
than that of the columnar structure and less than that of the smooth surface, among which the corrosion rate on the
microstructural surface is about 1/3~1/2 of that on the smooth surface in 24 hours.
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Table 1 The chemical composition and thermos-physical parameters of magnesium alloy at room temperature

Density/ Specific heat capacity/ Thermal conductivity/ ~ Melting/Boiling Thermal expansion
Thermophysical
(g-cm™®) (kJ-kg™" K™ (W-m™-K™" point/K coefficient/K
parameters
1.74 0.871 153.66 923/1380 25.0x10®
Composition Mg Al Zn Mn Ni Fe Cu Si
Content/% 95 35 1.10 0.32 0.001 0.03 0.01 0.08
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Schematic diagram of femtosecond laser processing
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Fig. 5 The average etching rate of Mg alloy under
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Schematic diagram of femtosecond green laser processing

Overview: AZ31 magnesium alloy is a highly potential material in the field of implanted medical devices due to its
biodegradable absorbability, mechanical compatibility and good biocompatibility. However, Mg alloy has relatively ac-
tive chemical properties, low melting point, high thermal conductivity and big coefficient of thermal expansion, which
result in poor processing performance. Therefore, the traditional mechanical processing method would not be able to
meet the demand. Laser processing has the advantages of non-contact and high precision, among which the green laser
is very suitable for the processing of magnesium alloys, so their application fields can be broadened. With the characte-
ristics of short pulse width, low heat-affected zone, high peak power and processing accuracy, ultrafast laser is widely
used in many fields, such as micro-nano structure processing and functional surface processing. Moreover, femtosecond
green laser having shorter wavelength and better absorption for magnesium alloys contributes to the trend that it would
be more suitable for the processing. In this paper, a femtosecond green laser with wavelength of 515 nm was applied to
process the AZ31 magnesium alloy. The laser ablation threshold of Mg alloy and its ablation rate were calculated. By
analyzing and comparing the SEM micrograph of different laser fluences, the mechanism of femtosecond green laser
process has been illustrated. The effects of Mg alloy with or without microstructure on its corrosion rates in physiologi-
cal saline were analyzed subsequently.

The results show the laser ablation threshold of AZ31 magnesium alloy is 1.46 J/cm? the ablation rate is 0.68
pm/pulse in the laser fluence of 8.36 J/cm?, the ablation rate is 1.37 um/pulse with the laser fluence of 15.79 J/cm?, the
ablation rate is 2.29 um/pulse with the laser fluence of 33.98 J/cm?. In conclusion, the ablation rate increases with the
laser fluence increasing. The high-quality holes can be fabricated with the laser fluence of 8.36 J/cm? and the pulse
number of 1000. When the number of pulses is less than 100, the ablation mechanism of the Mg alloy was mainly con-
trolled by phase explosion, while the number of pulse reach 500 the ablation mechanism of composites transfer from
phase explosion to thermal evaporation. In terms of the corrosion rate of magnesium alloy, the groove structure is less
than that of the columnar structure and less than that of the smooth surface, among which the corrosion rate on the
microstructural surface is about 1/3~1/2 of that on the smooth surface in 24 hours, the reason is Mg(OH), precipitation
film was formed in the microstructures, which could prevent the corrosion of microstructures.

Citation: Zhu Y L, Xie X Z, Huang Q P, et al. Femtosecond green laser processing of magnesium alloy[]]. Op-
to-Electronic Engineering, 2019, 46(8): 180672
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