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Table 1 Chemical composition of TC4 alloy (ω/%) 

Al V Fe Si O C Ti 

5.5~6.8 3.5~4.5 0.3 0.15 0.15 0.1 Bal. 
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� 1  TC4/Zr/TC4 MNORS�  

Fig.1  Interfacial microstructure of TC4/Zr/TC4 joint: (a) the 

whole joint and (b) high magnification image of zone II 
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Fig.2  Elements line distribution of the joint 
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Fig.3  XRD pattern of the joint 
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Table 2  EDS results of the spots in Fig.1b (at%) 

Spot Ti Zr Al V 

A 81.06 6.83 9.34 1.98 

B 60.59 27.52 9.79 1.61 

C 79.59 9.01 10.02 1.38 

D 58.30 30.29 8.86 2.17 

E 80.69 7.83 9.96 1.52 
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Fig.4  Microstructures (a~e) and mechanical properties (f) of the joints bonded at different bonding temperatures (t=40 min, P=5 MPa): 

(a) 650 �, (b) 700�, (c) 750 �, (d) 800 �, and (e) 850 � 
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Fig.5  Microstructures (a~c) and mechanical properties (d) of the joints bonded for different holding time (T=800 �, P=5 MPa): 

(a) 20 min, (b) 40 min, and (c) 60 min 

 

`�_A%$mx�L���OPf� 5d Õ

 1��@Å¸!"
�<`�_A�t?
$mL

��þtãv
W 40 min_� 190 MPa~8�.1

W`�_A 60 min_$mMÒ���A
��.F¤

��y. α′-Ti���1 

� 6�� 7Ëj�W 800 �40 min5 MPaa

b�2����$m���Q�K�*+µ'G3 X

ú��úËÌ�g1X6+��abÐÑ_
#$$

mQ�&~¦@AB���
`�H~¦@AB}

TC4���Ö�(dQij���1 

 

 

 

 

 

 

 

 

 

 

� 6  ¦§¨©�  

Fig.6  Fractograph of the joint (T=800 �, t=40 min, 

P=5 MPa) 

 

 

 

 

 

 

 

 

 

 

 

� 7  ¦§9 XRD�D 

Fig.7  XRD pattern of the fracture surface 
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Microstructure and Mechanical Properties of Diffusion 

Bonded Joint of TC4 Alloy Using Zr as Interlayer 

      

Wang Dong, Cao Jian, Dai Xiangyu, Qi Junlei, Feng Jicai 

(State Key Laboratory of Advanced Welding and Joining, Harbin Institute of Technology, Harbin 150001, China) 

 

Abstract: Reliable diffusion bonding of TC4 alloy was achieved using Zr as interlayer. The interfacial microstructure was characterized 

by scanning electron microscopy (SEM), energy dispersive spectrum analysis (EDS) and X-ray diffraction (XRD). Effects of joining 

parameters on the microstructure and mechanical properties of the joints were investigated. The results indicate that (Ti,Zr) diffusion layer 

with uniform components transition forms at the interface of the joint, which consists of a large amount of lath-like α′-Ti (titanium 

martensite). With the increase of bonding temperature and holding time, the thickness of the diffusion layer increases, and the shear 

strength of the joint first increases and then decreases. The maximum shear strength is 190 MPa when the joint is bonded at 800 °C for 40 

min under 5 MPa. 

Key words: pure Zr interlayer; TC4 alloy; diffusion bonding; interfacial microstructure; mechanical property 

 

Corresponding author: Cao Jian, Ph. D., Associate Professor, State Key Laboratory of Advanced Welding and Joining, Harbin Institute of 

Technology, Harbin 150001, P. R. China, Tel: 0086-451-86418146, E-mail: cao_jian@hit.edu.cn 


