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Fig.1 Schematic diagram of U-TLP bonding process
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Fig.2 Microstructures of joints at different ultrasonic processing time: (a) 10 s; (b) 15 s; (¢) 20's; (d) 25 s; (e) 27 s; (f) 30 s
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Table 1 Chemical composition at different points shown in

Fig. 2
Mole fraction/%
Point - Phase
Mg Ni
A 68.23 31.77 Mg,Ni
B 66.89 33.11 Mg,Ni
C 4.10 95.90 Ni
D 66.92 33.08 Mg,Ni
E 98.85 1.15 a-Mg(Ni)
F 67.04 32.96 Mg,Ni
G 97.80 2.20 a-Mg(Ni)
H 78.76 21.24 Mg, Ni+a-Mg(Ni)
1 98.90 1.10 a-Mg(Ni)

18.1 pm
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Fig. 3 Variation of width at different regions in joints shown

in Fig. 2



1068 hEA O RYR

2020 45 A

100}@
WM
80t

60

—Mg
—Ni

x/%

40

0_

0 20 40 60 80 100 120

Width/um
80 \\Jﬁ“ n
60}

S —Mg
> .
40} b
T i O

0_
0 20 40 60 80 100 120 140
Width/um
(©
100 WV W
80}
60
= — Mg
= —Ni
40t
20t

0_.—_M_L.LLA/LA)M—.

0 10 20 30 40 50 60
Width/um

B4 WHE 2 Y ab. cd M ef RELMTGE /AT

Fig. 4 Distribution of elements across joint shown in Fig. 2:

(a) Along line ab; (b) Along line cd; (c) Along line ef’
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Fig. 6 Fracture path at ultrasonic processing time of 20 s(a), 27 s(b), 30 s(c) and fracture morphology of joint at ultrasonic

processing time of 30 s(d)
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Fig. 9 Joint formation mechanism in this work: (a) Before ultrasonic; (b) Breakage of oxide layer on Mg substrate and Ni interlayer;
(c) Formation of Mg-Ni intermetallic compounds; (d) Formation of Mg-Ni eutectic liquid phase; (¢) Extrusion of Mg-Ni eutectic

liquid phase; (f) Solid solution connection of joints
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Mechanism of ultrasound-assisted transient liquid phase bonding of
magnesium alloy with Ni interlayer

LI Yi-nan', YANG Cheng-feil, YAN Jiu-chun?, PENG Zi-long1

(1. School of Mechanical and Automotive Engineering, Qingdao University of Technology, Qingdao 266520, China;
2. State Key Laboratory of Advanced Welding and Joining, Harbin Institute of Technology, Harbin 150001, China)

Abstract: In order to research the effect of ultrasonic processing time on the microstructures and mechanical properties
of magnesium alloy joint, ultrasonic-assisted transient liquid phase bonding (U-TLP) of MBS magnesium alloy was
carried out with a pure nickel interlayer. The results show that the oxide film on the surface of Mg alloy is successfully
removed at 520 ‘C within ultrasonic processing time of 10 s. With the prolongation of the ultrasonic processing time, a
eutectic reaction between Ni foil and Mg base metal proceeds and the Ni foil is consumed gradually. The a-Mg+Mg,Ni
eutectic products begin to increase at first and then are extruded under the static pressure of sonotrode and ultrasonic
sound flow effect. When the ultrasonic processing time is 30 s, as the Mg,Ni which is easy to make the joint brittle is
extruded, the brazing seam is mainly composed of magnesium-based solid solution. At this time, the joint shear strength
increases to the maximum of 107 MPa, reaching 102% of that of the base metal, and the fracture is along the a-Mg solid
solution in brazing seam.

Key words: magnesium alloy; ultrasonic assistance; transient liquid phase bonding; microstructure; mechanical property
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