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Fig.1 Schematic diagrams of installation of joint (a) and
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Fig.3 Microstructure (a), EDS element line-scanning (b) and element distribution (c) of joint
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Table 1 EDS results of marked points A~G in Fig.3a (at%)

Point Al Ti Cr Fe Nb Ni Possible phase

A 1.37 1.72 19.6 15.56 8.13 53.62 Ni(s,s)

B 1.91 15.78 23.7 14.01 2.28 42.32 TiNi;

C - 65.14 1.1 3.71 - 30.05 TioNi

D 95.13 2.74 1.58 0.55 - Ti

E 68.77 - - - 31.23 TioNi

F - - - - - 100 Ni

G 2.18 58.26 - - - 39.56 TiNi, Ti,Ni
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Fig.4 Microhardness curves of joint
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Table 2 EDS results of marked points A~E on fracture
surface of joint in Fig.5a (at%)

Point Al Ti Ni Possible phase
A 3.15 62.88 33.97 Ti>Ni
B - 54.56 45.44 TioNi, TiNi
C - 4.28 95.72 Ni
D 1.99 67.21 30.8 Ti_Ni
E - 68.34 31.66 Ti>Ni

Shear morphology of joint (a), stress-strain curve (b) and XRD pattern of the fracture surface (c)

G(Ti,Ni)= -49120+17.208T (J/mol) 2)
G(TiNis)= —55585+15.962T (J/mol) (3)
G(TiNi) = -54600+18.133T (J/mol) (4
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Microstructure and Mechanical Properties of GH4169/TC4 Joints Prepared
by Transient Liquid Phase (TLP) Diffusion Bonding

Wang Jie', Xiong Qinglian', Xiong Yanlin', Zhang Fugqi', Yang Jin®
(1. Southwest Petroleum University, Chengdu 610500, China)
(2. Chengdu Sky Combustion Control Technology Co. Ltd, Chengdu 610500, China)

Abstract: To expand Ni-based superalloy and titanium alloy application fields, the preparation of Ni-based superalloy/titanium alloy
composite joints is necessary. The GH4169/TC4 joint was prepared with Ti/Ni composite foils as interlayer by transient liquid phase (TLP)
diffusion bonding. The microstructure, mechanical properties and formation mechanism of joint were investigated. The interfaces, fracture,
composition and phases of as-prepared GH4169/TC4 joint were analyzed by scanning electronic microscopy (SEM), energy disperse
spectroscopy (EDS) and X-ray diffraction (XRD), as well as the shear strength and microhardness of joints were tested by universal testing
machine and microhardness tester, respectively. The results show that element interdiffusion and chemical reaction take place in the
joining zone and multiple interlayer gradient structure, i.e. “GH4169/Ni(s,s)/TiNis/Ti>Ni/Ti/Ti2Ni/Ni/TiNi+Ti,Ni/TC4” forms between
GH4169 and TC4 under the process parameters of 960 ‘C, 5 MPa, 30 min. The joint is compact with continuous interfacial bonding
without obvious defects except some pores and microcracks exist in the interface of “Ni/TiNi+Ti;Ni”. The hardness of each part of the
prepared joint is not uniform, among them, the residual Ti and Ni interlayers have lower hardness, which is beneficial to alleviate the
internal stress, and the peak value appears in the GH4169 side as a result of the formation of Ni(s,s) and TiNi;. Combined with the shear
test, fracture morphology and phase analysis, the shear strength of as-prepared GH4169/TC4 joint achieves 124.6 MPa and fracture occurs
in the interface of “Ni/TiNi+Ti,Ni”, which presents a brittle characteristic.

Key words: GH4169 superalloy; TC4 titanium alloy; transient liquid phase; diffusion bonding

Corresponding author: Wang Jie, Ph. D., Lecturer, School of Materials Science and Engineering, Southwest Petroleum University,

Chengdu 610500, P. R. China, Tel: 0086-28-83037416, E-mail: 232198371 @qq.com



