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Fig.1 Schematic diagram of tensile test sample
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Fig.2 Typical interfacial SEM microstructure (2) and corresponding EDS elements mappings (b-f) of the joint bonded at 940 °C for 30 min using

an electrodeposited Cu interlayer of 15 pm
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Fig.3 SEM magnification for the diffusion layer (a) and the reaction

layer (b) of interfacial microstructure for the TLP joint
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Table 1 EDS analysis results and possible phases of each point
in Fig.3 (at%)

Point Ti Cu Ni Al V  Possible phases

A 83.48 241 0.59 10.06 3.46 o-Ti
73.52 16.70 2.33 6.08 1.36 0o-Ti+Tiz(Cu, Ni)
81.34 347 293 858 3.69 a-Ti

64.93 26.20 4.04 4.13 0.69 Tiz(Cu, Ni)

m O O w

64.25 25.88 4.45 423 1.20 Tiz2(Cu, Ni)

o]

71.65 17.20 3.01 6.53 1.62 o-Ti+Ti2(Cu, Ni)

400 | ' o a-Ti
® Tiy(Cu, Ni)
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Fig.4 XRD pattern of the joint as shown in Fig.3
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Fig.5 Interfacial SEM microstructures of the TLP joints (a-c) and corresponding magnified SEM images (ai-c1) bonded using the

interlayers with various thickness: (a, a1) 5 um, (b, br) 10 um, and (c, ¢1) 20 pm
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Fig.6  Variations of width of diffusion layer and welding seam

with interlayer thickness of the TLP
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Fig.8 Fracture SEM morphologies of TC4 joints with interlayer thickness of 15 um (a, ¢) and 20 um (b, d)
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Effects of Interlayer Thickness on Interfacial Microstructure and Joint Performance of
Transient Liquid Phase Bonded TC4 Titanium Alloy

Lin Tong !, Xie Hong?, Yang Weipeng?, Zhao Wenqi !, Si Xiaoqing', Li Chun!, Zhang Di?, Zhu Qiang?,
Qi Junlei!, Cao Jian!
(1. State Key Laboratory of Advanced Welding and Joining, Harbin Institute of Technology, Harbin 150001, China)
(2. Xi’an Space Engine Company Limited, Xi’an 710100, China)

Abstract: Transient liquid phase (TLP) diffusion bonding of TC4 titanium alloy was realized using an electrodeposited Ni/Cu layer as
interlayer. The effects of Cu interlayer thickness on interfacial microstructure and mechanical property of TC4 joint were studied by SEM,
EDS and XRD, and the reaction mechanism was clarified by Ti-Cu and Ti-Ni binary phase diagrams. The results show that the typical
interfacial microstructure of the joint is TC4/a-Tit+Ti2(Cu, Ni)/TC4. With the increase in the thickness of electrodeposited Cu layer, the
width of diffusion layer and welding seam increase, and the voids in the center of the joint disappear. Continuous Tiz(Cu, Ni) intermetallic
layer appears in the reaction layer and its width increases gradually. The tensile strength of the joint increases firstly and then decreases
with the increase in interlayer thickness, reaching the maximum value of 500 MPa when the thickness of Cu layer is 15 pum. Fracture
analysis shows that all of the bonded joints are fractured at the welding seams in the form of cleavage mode.

Key words: TC4 titanium alloy; transient liquid phase diffusion bonding; interlayer thickness; interfacial microstructure; tensile strength
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