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Fig. 1 Laser shock peening experiment. (a) Schematic of laser shock peening; (b) diagram of laser shock path
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Fig. 2 Anodic oxidation experiment. (a) Schematic of the installation; (b) photograph of experimental installation
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Fig. 3 Friction and wear test. (a) Test mechanism diagram; (b) photograph of test equipment
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Fig. 4 Three-dimensional morphologies of four samples. (a) Ti6Al4V; (b) Ti6Al4V-LSP; (c¢) Ti6 Al4V-TiO, ;
(d) Ti6Al4V-LSP-TiO,
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Table 1 Surface roughness, microhardness, adhesion force, and residual stress of four samples
Sample R,/pm Microhardness /HV Adhesion force /N Residual stress /MPa
Ti6Al4V 0.5%£0.05 346+8.5 —58.19+10. 17
Ti6 Al4V-1LSP 2.1%0.1 39749.2 —348.32415.47
Ti6 Al4V-TiO, 4,140.12 89+5.1 10.740.6
Ti6 Al4V-LSP-TiO, 4,540.15 101+£4.2 12.6+0.5
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Fig. 7 Microstructures of Ti6 Al4V-LSP sample. (a) Bright field image; (b) dark field image; (c) nanocrystalline at

high resolution; (d) selected area electron diffraction (SAED) image
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Fig. 8 Typical measurement curves of adhesion force
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Fig. 10 Friction and wear test results. (a) Average friction coefficient; (b) average mass loss
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Fig. 11 Wear morphologies of four kinds of samples (areas within the red box are scanned for elements).
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3.6 0.7 1.3 0.6
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Fig. 12 Schematics of wear process of TiO, nanotube sample in simulated body fluid
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Effect of Laser Shock Peening on Surface Modification and Tribological
Properties of Ti6Al4V Titanium Alloy Bone Plates

Li Jinkun, Wang Shouren , Wang Gaoqi, Yang Xuefeng, Yang Liying
School of Mechanical Engineering, University of Jinan, Jinan, Shandong 250022, China

Abstract

Objective At present, fractures are treated via internal fixation. Titanium alloy (Ti6Al4V) is the primary internal
fixation material, which has the advantages of good histocompatibility, biomechanics, and clinical requirements.
However, titanium alloy has poor wear resistance and a lack of bioactivity in physiological environments and loading
conditions, resulting in clinical orthopedic surgery failure. Researchers both at home and abroad have conducted
extensive research on the surface modification of Ti6Al4V bone plates. Because of the advantages of simple process,
low cost, and controllable film morphology, the in-situ formation of TiO, nanotube layer by anodic oxidation has
become an effective method for surface modification of titanium alloy bone plate. During the test, however, the
author discovered that there was weak adhesion between the TiO, nanotube layer and the substrate, and it was easy
to fall off during use. It is still unclear how to improve the adhesion of the TiO, nanotube layer and achieve
morphology control of the nanotube array. In this paper, the surface of the Ti6Al4V bone plate was modified by laser
shock peening technology, and the TiO, nanotube film was prepared on the modified surface by anodic oxidation
method. The mechanism of modification was investigated, and the tribological properties of the bone plate surface
were analyzed and evaluated using friction and wear tests, to guide the clinical application of medical materials.

Methods Ti6Al4V alloy was used in this study. First, the surface of the Ti6Al4V bone plate was modified using
laser shock peening, and then anodic oxidation was used to create the TiO, nanotube layer on the modified surface.
The white light interferometer was then used to measure the surface roughness and profile of the samples before and
after surface modification. The surface morphology of the samples was observed by field emission scanning electron
microscope. A high-resolution transmission electron microscope was used to examine the surface microstructure. All
samples’ microhardness was measured using a Vickers hardness tester. A PROTO residual micro-zone stress tester
was used to measure the surface residual stresses of the specimens before and after laser shock processing. The static

0202010-10



R X F49% F2H/2022 £ 1 A/HEHN

water contact angle between pure water and sample surface was measured by contact angle tester. A multifunctional
material surface performance tester was used to determine the critical load of adhesion between the TiO, nanotube
layer and the substrate. Finally, the samples’ wear resistance was evaluated using the MFT-5000 friction and wear
tester.

Results and Discussions The results showed that the wall thickness and length of the nanotubes prepared by laser
shock peening were increased; the arrangement was regular and uniform. The nozzle and wall were less broken,
which improved the overall performance of the plate surface (Fig. 5). The roughness value of the nanotube layer on
the laser shock peening surface increased (Table 1), while the contact angle decreased (Fig. 6), promoting cell
proliferation and adhesion. The laser shock peening sample had a higher degree of surface grain refinement, and the
nanocrystals had more random crystal orientation (Fig. 7). Grain refinement increased surface hardness. The
adhesion between the TiO, nanotube layer and the laser shock peening surface was improved, and the ability to resist
external damage was enhanced, both of which contributed to the nanotube layer’s long-term survival on the bone
plate (Fig. 8). The friction coefficient and wear mass of the TiO, nanotube layer reinforced by laser shock were the
smallest (Fig. 10). Its wear mechanism was mixed abrasive wear, fatigue wear and adhesive wear, which existed at
the same time, showing good wear resistance (Fig. 11).

Conclusions In this study, TiO, nanotube layers were prepared by anodic oxidation on the Ti6Al4V laser shock
peening surface. Under simulated body fluid conditions, the surface properties, microstructure, and friction and
wear properties were studied. The results showed that the surface of Ti6Al4V had plastic deformation after laser
shock peening, and grain refinement improved the surface’s microhardness and wear resistance. The length of TiO,
nanotubes prepared by laser shock peening increased, the wall of TiO, nanotubes became thicker, the microhardness
of the surface decreased, and the surface roughness increased. The TiO, nanotube layer’s adhesion to the laser shock
peening surface increased by 17.7% compared to the substrate. The higher hydrophilicity of the TiO, nanotube layer
improved lubrication, which contributed to a decrease in wear mass and friction coefficient. The wear mechanism
was a combination of abrasive wear, fatigue wear, and adhesive wear.

Key words laser technique; laser shock peening; anodic oxidation; TiO, nanotube layer; bone plate; friction and
wear
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