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Abstract

Nickel-titanium alloy (NiTi) has been widely used for the fabrication of microelectromechanical and body implants, so it is
very important to enhance its surface mechanical property. Laser shock peening as a new and important surface treatment
technique has been used to enhance the mechanical properties of different metal materials. Normally, the nanosecond
laser with pulse-width between 5 ns and 20 ns is used to induce a high-pressure shock wave that can generate plastic
deformation in the top layer of metals. In this paper, the surface morphology and hardness of NiTi alloy after femtosecond
laser shock peening in the air are studied, which shows that the surface roughness and hardness increased after
femtosecond laser treatment.
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1. Introduction

Laser modification has been widely used to process the surface of metal materials, such as magnesium
alloy, aluminum alloy, stainless steel and titanium alloy, which can improve their surface mechanical property
and bioactivity [1][2]. Laser shock peening is an important surface technology, which is different from other
laser process. The shock wave with high pressure would be produced by plasma explosion and nanosecond
laser with pulse width of 5-20 ns can be used during laser shock peening [3][4]. The pressure of shock wave
can be up to 10 GPa when nanosecond laser is used, which is much higher than the plastic deformation yield
strength of metal materials. Therefore, the laser shock peening can induce plastic deformation and generate
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compressive residual stress in the top layer of samples that would improve its mechanical property, such as
microhardness, wear resistance, and fatigue life. The femtosecond laser shock peening has been studied to
enhance the surface microhardness of different metals [5][6]. The researches found that the femtosecond
laser can produce higher pressure of shock wave in a short time, which can be used modify the surface
property of different materials. Li et al. found that femtosecond laser shock peening can increase the hardness
by 45.5% on the surface of 304 stainless steel when the sample was processed without a protective layer and
confinement coating [7]. Maharjan et al. also found similar results when they processed 420 martensitic
stainless steel with femtosecond laser shock peening [8]. The NiTi alloy was treated by femtosecond laser
shock peening and the surface property was measured in this paper.

2. Experimental process

The NiTi alloy specimen in this research was heated in 800 C for 30 min before laser process. The
femtosecond laser shock peening was performed with Spitfire Ace from Spectra-Physics with pulse energy of
about 80 . The NiTi alloy was polished like a mirror surface before the femtosecond laser shock peening
treatment. During the femtosecond laser shock peening, there were no confinement layer and protective layer
on the surface of NiTi alloy as shown in Fig. 1. After the laser process, the surface profiles were measured with
laser scanning microscope of LEXT OLS 5000 and the surface hardness was measured by KB 30 BVZ hardness
tester with load forces of 0.1 kg and 1 kg.
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Fig. 1. Schematic of femtosecond laser shock peening without confinement layer and protective layer
3. Results

The 3D images of NiTi samples after femtosecond laser shock peening with different laser parameters were
measured with a laser scanning microscope as shown in Fig. 2, in which the sample was processed in a half
area. The results of 3D images showed that the femtosecond laser shock peening could induce higher
roughness on the surface NiTi alloy compared with untreated sample. The 2D profiles along the surface of
samples were presented in Fig. 3. It can be found that the texturing was formed which was due to the laser
ablation and micro-deformation by high-pressure shock wave. The roughness of untreated sample was about



LiM 2021 -3

0.06+0.01 pum. The roughness values of samples with pulse densities of 7.14 x10° pulse-cm?, 10 x10°
pulse-cm?, and 16.67 x10° pulse-cm? were 0.35+0.01 pum, 0.38+0.02 pum, and 0.55+0.02 pum respectively.
Normally, the higher roughness has an important on the effect of surface wear property and corrosion
resistance of metal materials.
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Fig. 2. 3D images of NiTi samples after femtosecond laser shock peening with different pulse density: (a) 7.14 x10° pulse-cm™?, (b) 10x10°
pulse-cm?, and (c) 16.67 x10° pulse-cm™ (blue line).
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Fig. 3. 2D profiles of NiTi samples after femtosecond laser shock peening with different pulse density: 7.14 x10° pulse-cm™ (black line),
10x10° pulse-cm™ (red line), and 16.67 x10° pulse-cm? (blue line).
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Laser shock peening is an effective method to increase the surface hardness and extend the fatigue life of
metal parts, such as aluminum alloy, magnesium alloy, and stainless steel. The surface hardness of NiTi alloy
was also measured with different load forces (0.1 kg and 1 kg). The mark pictures of load head during hardness
testing were shown in Fig. 4 and Fig. 5. When the load force was 0.1 kg, the size of mark picture was samller
than that measured with load force of 1 kg on the same specimen. From Fig. 4, it can be easily found that the
size of mark picture on the surface of untreated NiTi alloy was larger than that of NiTi alloy after femtosecond
laser shock peening. When the hardness was measured with load force of 0.1 kg, the hardness of untreated
sample was 210.38+4.68 HV. The values of surface hardness on treated sample with pulse density of 7.14 x10°
pulse-cm?, 10x10° pulse-cm?, and 16.67 x10° pulse-cm™? were 256.76+20.84 HV, 264.28+18.39 HV, and
271.30+37.12 HV respectively. When the load force was 1 kg, the values of surface hardness after femtosecond
laser shock peening with pulse density of 7.14 x10° pulse-cm, 10x10° pulse-cm, and 16.67 x10° pulse-cm
were 208.43+7.10 HV, 223.97411.11 HV, and 237.19+6.71 HV, which were higher than 199.64+4.97 HV on the
untreated sample. The hardness results demonstrated that the femtosecond laser shock peening can increase
the surface hardness of NiTi alloy and larger pulse density would induce higher hardness. According to other
research works, it can be found that the laser shock peening with ultrashort pulse laser was an effective
method to enhance the mechanical property of different metals, such as aluminum alloy, magnesium alloy [9],
stainless steel [10], and titanium alloy [11].
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Fig. 4. Surface hardness (with load force of 0.1 kg) and topography on NiTi alloy with different treatment: (a) untreated, (b) femtosecond
laser shock peening with 7.14 x10° pulse-cm™, (c) femtosecond laser shock peening with 10 x10° pulse-cm™, (d) femtosecond laser shock
peening with 16.67 x10° pulse-cm™.



LiM 2021 -5

'v. 208.43+7.10 HV §

PEXN

%
3
8 W
¥
¢

-

¥¢
< 'd_‘"‘n‘o PRSP PP P

e

Lsaprrivent,

A

ERN

Fig. 5. Surface hardness (with load force of 1 kg) and topography on NiTi alloy with different treatment: (a) untreated, (b) femtosecond
laser shock peening with 7.14 x10° pulse-cm™, (c) femtosecond laser shock peening with 10x10° pulse-cm™, (d) femtosecond laser shock
peening with 16.67 x10° pulse-cm™.

4, Conclusions

The results showed that femtosecond laser shock peening could induce micro texture on the surface of
NiTi alloy, which was due to the remelting layer by laser ablation and micro-deformation by high-pressure
shock wave. The surface hardness of NiTi alloy with and without femtosecond laser shock peening treatment
was measured with Vickers hardness method, which showed that the hardness increased with different pulse
density.
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