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Fig.1 Schematic representation of Ni nanocrystals deposited on
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Fig.2 SEM images of Ti surface with porous structure (a), Pd-activated sites on porous surface (b) and Ti-Ni bonding interface (c);

(d) results of scratch tests for Ni coating on Ti substrate before and after anodizing treatments (the inserts in Fig.2d show the

scratched tracks for tested samples)
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Fig.3 SEM images of surface features for Ni deposits under varied ultrasonic frequency (UF) values: (a) 0 kHz, (b) 45 kHz,
(c) 80 kHz, and (d) 45+80 kHz
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Fig.4 Statistical results of size distribution for Ni deposits under the UF values of 0 kHz (a), 45 kHz (b), 80 kHz (c) and 45+ 80 kHz (d)
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Fig.5 XRD patterns of textual growth for Ni deposits under

varied UF values
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Fig.6 TEM images and SAED patterns of Ni deposits under varied UF values: (a) 0 kHz, (b) 45 kHz, (c¢) 80 kHz, and (d) 45+80 kHz
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Fig.9 SEM images of typical worn tracks for bare Ti substrate (a), and Ni deposits under different UF values: (b) 0 kHz,

(c) 45 kHz, (d) 45+80 kHz, and (e) 80 kHz
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Fig.10 SEM cross-sectional images for Ni deposits under varied UF values: (a) 0 kHz, (b) 45 kHz, and (c) 45+80 kHz
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Fig.11 Schematic of crystal-shower growth model induced from the columnar-like Ni growth by adding ultrasonic field
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Influence of Ultrasound with Varying Frequencies on Microstructures
and Wear Resistance for Ni Nanocrystals

Zhou Xiaowei', Liu Zhenguang', Wang Yuxin', Shen Yifu®
(1. Jiangsu University of Science and Technology, Zhenjiang 212003, China)

(2. Nanjing University of Aeronautics and Astronautics, Nanjing 210016, China)

Abstract: Because of the light weight, high strength and excellent corrosion resistance, titanium and its alloys have been currently used as
a brand-new functional material in ships, aviation and other fields. However, some defects exist such as poor surface weldability and wear
resistance, especially under the dry-sliding conditions without solid lubricants, so it is essential to enhance the surface properties using
surface modification techniques. Herein, this study focused on surface electroplating of nanocrystalline Ni coating on the anodized
nanoporous surface of Ti substrate, as well as to achieve a metallurgical bonding interface. In view of this, the objectives of this study are
to explore the detailed correlation between growth textures and wear resistance of Ni deposits by adjusting ultrasonic frequencies (UF)
values. The textural directions and microstructures of the as-deposited Ni nanocrystals were characterized using XRD, FE-SEM and TEM.
According to nanoindentation and wear tests, the synergistic effects of ultrasonic oscillations on both grain refinement and
crystallographic texture of Ni nanocrystals were evaluated. Besides, the underlying mechanism involved in effects of ultrasonic oscillation
on dynamic re-crystallization of Ni textures during the electroplating process, and the relationship between different textural directions of
Ni crystals and surface properties were disclosed. The results manifest that the pre-adsorbed Pd atoms onto the as-anodized porous Ti
surface act as nucleation sites for inducing the subsequent Ni growth, having an effective interfacial strength of Ti/Ni composites. Based
on nanoindentation results, the surface toughness significantly improves by depositing Ni coatings onto the as-anodized Ti matrix, and the
hardness and elastic modulus reach 15.6 and 197.2 GPa, respectively. Meanwhile, the friction coefficient of Ti matrix within Ni coating at
UF values of 45+80 kHz is much lower, which is reduced by about 2 times relative to that of bare Ti matrix. Ultimately, the wear
mechanism transforms from the originally cutting wear behavior of Ti matrix into the slightly adhesive wear together with grinding
abrasion for Ni deposits, effectively compensating the shortcomings of poor wear resistance for Ti alloys in engineering applications.

Key words: ultrasonic frequency; Ni nanocrystals; porous Ti; growth textures; wear resistance
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