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Fig.1 Ultrasonic assisted brazing integrated device
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Table 1 Experimental program of ultrasound-assisted brazing coating

Experimental Scheme Sample Heating temperature/°C  Ultrasonic duration/s Application of sample
1 730 0 The wettability test was used to compare and
The first group ) . .
2 730 36 analyze the effect of ultrasonic brazing coating
3 730 12
The effect of ultrasonic action time under
The second group 4 730 36 ) o
isothermal conditions
5 730 60
6 650 36 )
. The effect of brazing temperature at
The third group 7 730 36 .
the same time
8 830 36
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Fig.2 Wetting morphologies between AlSi filler metal and titanium

alloy matrix without (a) and with (b) ultrasound
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Fig.3 Wetting morphologies between diamond/AlSi composite brazing material and Ti-6Al-4V matrix: (a, ¢) without ultrasound; (b, d) with

ultrasound
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Fig.4 Schematic diagram of the wetting mechanism of AlSi filler metal on the surface of titanium alloy matrix
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Fig.5 BSE-SEM images of diamond/AlSi brazing composite brazing coating without ultrasund: (a) brazing coating (near diamond side);

(b) enlarged image of frame in Fig.5a; (c) brazing coating (near matrix side), (d) enlarged image of frame in Fig.5¢c
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Fig.6 XRD pattern of physical phases in diamond/AlSi brazing

coating
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Fig.7 Schematic representation of the cell structure of TiAl, (a) and
Ti(Al,_Si),(b)
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Fig.8 OM images of brazing coatings without ultrasound (a) and under ultrasound action for 12 s (b), 36 s (c), and 60 s (d)
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Fig.9 SEM images of brazing coatings under different ultrasound time: (a) 12 s, (b) 36 s, (¢) 60 s, and (d) magnified view of the frame in Fig.9¢c
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Table 2 EDS results of the region labelled in Fig.9 (at%)

Region Al Si Ti Possible phase

A 96.7 33 - a-Al

B 60.9 13 26.1 Ti(Al,_Si),

C 40.4 59.6 - Eutectic Si phase
D 9.3 90.7 - Eutectic Si phase
E 94.2 5.8 - a-Al

F 64.0 12.6 234 Ti(Al,_Si),

G 95 5 - a-Al

H 62.5 12.6 249 Ti(Al,_Si),

I 20.9 79.1 - Eutectic Si phase
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Fig.10 Interfacial microstructures of AlSi filler metals/titanium alloy matrix with different ultrasound time without ultrasound (a) and under
ultrasound action for 12 s (b), 365s(c), and 60 s (d)
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Table 3 EDS results of the region labelled in Fig.10 (at%)

Region Al Ti Si Possible phase
A 62.9 21.8 15.2 Ti(Al,_Si),
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Fig.11 Microstructures of brazing coatings under ultrasound for 36 s at different brazing temperatures: (a) 650 °C, (b) 730 °C, (c) 830 °C,

and (d) local enlargement of the frame in Fig.11c
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Fig.12 Gibbs free energy versus temperature for the generation of Ti-

Al intermetallic compounds
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Fig.13 Thickness-time curves of IMC of interfacial reaction layer
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Fig.15 BSE images and EDS line of brazing coatings scanned from point A to B: (a) without ultrasound, (b) 12 s, (c) 36 s and (d) 60 s
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Influence Mechanism of Ultrasound-Assisted Process on Microstructure of Diamond/AlSi
Composite Coating

Ding Tianran', Yang Jiao', Zhang Lei'?, Qin Jian'”, Zhu Hongtao', Jing Peiyao'
(1. State Key Laboratory of Advanced Brazing Filler Metals and Technology, China Academy of Machinery Zhengzhou Research Institute of
Mechanical Engineering Co. , Ltd, Zhengzhou 450001)
(2. Ningbo Intelligent Machine Tool Research Institute Co. , Ltd of China National Machinery Institute Group, Ningbo 315709)
(3. University of Science and Technology Beijing, Beijing 100083)

Abstract: Diamond/AlSi composite coatings were prepared on Ti-6Al1-4V alloy matrix by ultrasound-assisted brazing coating technology. The
effects of ultrasonic brazing process parameters on the microstructure of diamond/AlSi brazing coating were investigated. The interfacial reaction
mechanism between AlSi filler metals and diamond on the matrix under ultrasonic action was discussed. The results show that TiAl, compounds
and a large number of Ti(Al,_Si ), compounds are mainly formed in the contact interface between titanium alloy matrix and AlSi filler metals. The
growth of Ti(Al,_Si ), is mainly affected by the interfacial reaction and the diffusion rate of atoms to the reaction site. Ultrasonic treatment can
improve the wetting and spreading effect of AlSi filler metal on the matrix by cavitation effect to achieve the wetting of diamond particles by
inactive AlISi brazing filler metal. The mechanism is that the intermetallic compound Ti(Al _Si ), is formed at the interface between AlSi filler
metals and the substrate. Ti(Al,_Si ), is broken and dispersed throughout the brazing coating by ultrasonic cavitation and acoustic streaming effect,
ultimately leading to the reaction of Ti, an element in the titanium alloy matrix, with diamond to form TiC.

Key words: ultrasound-assisted; diamond/AlSi composite coating; brazing coating process; interfacial microstructure; influence mechanism

Corresponding author: Zhang Lei, Senior Engineer, Ningbo Intelligent Machine Tool Research Institute Co., Ltd of China National Machinery
Institute Group, Ningbo 315709, P. R. China, E-mail: zhanglei86529029@sina.com.cn



