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Fig.4 EDS element mappings of coating bonding zone: (a—d) S0, (e~h) S2, and (i-1) S3
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Fig.5 Typical microstructures of SO coating (a) and S2 coating (b), and corresponding EDS results (c—f)
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Al interface (f)
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Table 2 Wear data of the substrate and the coatings

Width of wear scar/  Depth of wear scar/

Wear coefficient/

Sample m um Wear volume/mm’ Sliding distance/m £10° mm’+ (N-m)"
Substrate 1.98 143.38 5.99 329.87 2.47+0.13

SO 1.26 69.89 2.08 329.87 0.86+0.08

S1 0.93 34.62 0.78 329.87 0.3240.10

S2 0.74 27.10 0.51 329.87 0.21+0.07

S3 0.89 37.63 0.61 329.87 0.25+0.09
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Fig.10 Worn surface morphologies of the substrate (a, d), SO coating (b, ¢), and S2 coating (c, f)
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Microstructure and Properties of Ultrasonic/Laser Hybrid In-situ Alloying Ti-B,C
Coatings on Aluminum Surfaces

Chi Yiming'*?, Qian Dahu'*’, Zheng Biao'*’, Yao Zhehe'*’, Han Boqun®, Yao Jianhua'*’
(1. Institute of Laser Advanced Manufacturing, Zhejiang University of Technology, Hangzhou 310023, China)
(2. School of Mechanical Engineering, Zhejiang University of Technology, Hangzhou 310023, China)
(3. High-end Laser Manufacturing Equipment Provinces and Ministries Jointly Build Collaborative Innovation Center, Hangzhou 310023, China)
(4. Jiangsu Fengdong Thermal Technology Limited Company, Yancheng 224100, China)

Abstract: Using Ti-B,C as the alloying material, an in-situ various ceramic particles reinforced aluminum matrix composite coating was prepared
on the surface of 7075 aluminum alloy using ultrasonic vibration assisted laser alloying process. The effects of different ultrasonic amplitudes (0,
50, 70 and 90 um) on the overall morphology, phase composition, microstructure, microhardness and wear resistance of the coatings were
investigated. The mechanism of ultrasonic vibration on the size, morphology and spatial distribution of in-situ reinforcement phases in the laser
alloying process was analyzed. The results show that assisted ultrasonic vibration during laser alloying does not change the phase composition of
the coatings, but promotes the in-situ chemical reactions in the molten pool. The diffraction peaks of in-situ synthesized ceramics reinforcement
phases such as TiB, and TiC are increased with the rise of ultrasonic amplitude. The strong convection in the molten pool produced by the
ultrasonic vibrations results in an improvement of the coating surface macro-morphology, a slight increase in roughness, and an increase in coating
thickness and dilution. With the increase in ultrasonic amplitude, the acoustic cavitation effect and the acoustic flow effect are enhanced, and the
microstructure of the coating is significantly refined. The in-situ synthesized reinforcement particles are not only increased in number but also
more uniformly and spatially distributed. Both in-situ synthesized TiB, and TiC are well bonded to the a-Al, with interfacial mismatch rates of
about 5.83% and 6.81%, respectively, suggesting that they can act as effective nucleation sites to promote grain refinement. The microhardness of
the coatings is significantly increased and more uniformly distributed after applying assisted ultrasonic vibration. The average microhardness of
the coatings at an ultrasonic amplitude of 70 um is about 703.87 HV  ,, which is 5.77 and 1.66 times higher than the hardness of the coatings in the
substrate and without ultrasonic vibration, respectively. At this time, the coating has the optimum wear resistance, and the wear mechanism is only
slight abrasive wear. The wear resistance is approximately 11.8 times that of the substrate, and 4.1 times that of the coating without ultrasonic
vibration.

Key words: ultrasonic vibration; laser alloying; in-situ synthesis; particle-reinforced coating; aluminum matrix composites; wear resistance
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