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Fig.1  Schematic diagrams of installation of joint (a) and 

shear test (b) 
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× 2  GH4169BCDgTC4EDÜ_a�deÝÞ 

Fig.2  OM images of GH4169 (a), TC4 (b), and joint (c) 

a 

γ 

25 µm 

α 

β 

b 

c 

a 

b 

Clamp 1 

Joint 

Sleeve 

Clamp 2 

Φ30 

Φ40 



� 4�                   �  ��2YVZ[�TLP�\]^_ GH4169/TC4_a�defGÜh�ij                Ô1277Ô 

�����GH4169/TC4 �������	
 

> 3a�cd/�Ç 960 Ì�cdá;Ç 5 MPa�

S/�ÈÇ 30 min 0�Ti/Ni i��ÆÇFÈÉ�

O TLP¸¹cd&e¿¼	 GH4169/TC4d��.	

��¥X�WIy×.�L�B��k0LÎ±

GH4169 �/��8 TC4 ���¸¹cd�d�ÒÎ

AÉÛ�ïj�É�É�È	�.ï���(��QÇ

140 µm)!ÆÇLp�	 GH4169�/��YZbu

��7:�4 TC4 �������` Ni Ç β [\Ô

Õ��¸¹ÊC TC4����WIs�o β�7/��

. 960 Ì0S/��FÈÉ�û	���Y(	N�

ÊC β¤Y�G��¿¼ α�β��YZ

[17]

! 

��d�Y( EDS �RSïÀ(> 3b)�8 EDS

ÔÕmÜ>(> 3c)ïÀWI¿�d�Y(t��� 3

Ñ²NÉ�e>ò�	�2+3+4���6�8�8�É!

FÈÉÄÅÔÕ Ti�Ni.d��×ÎØÙ	Ú�Û�

mÜ��` Ni � Ti F	¸¹*���` Ti � Ni F

	¸¹*��òI Ni������	¸¹ølm�4

Ti ��/����¸¹	����

[18]

����1�É

î Ti �x� Ç 0 	ïÀ¤����2+3+4�É�

GH4169�/��F	bpÔÕ Ni�FÈÉÔÕ Ti+

�²Nò¥t	Y(��6�É� Ti�Ni �.�/0¤

¡²Nò¥t	¢£v¤��8�ÉF Ti�Ni 	Ú�m

Ü×Î±¤¥�WI¦\�Y��xÈ:���t

[18]

!

ÇÊ�§¨\p²NÉ���µpÉ	©� ÊË3ª

m��p©� A~G	«ae> 3a¬��3ªm�ï

À� 1!HIÔÕ.FÈpÉ	mÜ8�®�WI¦

\�2+3+4�ÉW3� Ni(s,s)8 Ti-Ni:��ò¥t	�

.��6�Ét��� Ti8 Ni¯ÔÕYt�2ÏÔÕ	

JU�QÇ 2:1�WI¦\�6�ÉÇ Ti

2

Ni�xÈ:�

�É��8�ÉîTi8Ni¯ÔÕ°xmãm�Ç 58.26%�

39.56%�±¦\�É�t± TiNi�Ti

2

Ni 2 Ï�xÈ:

��!�4W��. TLP¸¹cd�CF�� GH4169

�¼ TC4 �¥t±d�	lý�.ïjÇ�GH4169/ 

Ni(s,s)/TiNi

3

/Ti

2

Ni/Ti/Ti

2

Ni/Ni/TiNi+Ti

2

Ni/TC4�! 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

× 3  ß__a��dÝÞgEDS� zvwk� ~à 

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
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2

Ni 
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Fig.4  Microhardness curves of joint 
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Fig.5   Shear morphology of joint (a), stress-strain curve (b) and XRD pattern of the fracture surface (c) 
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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

2

Ni 
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2
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Fig.6  Formation mechanism of GH4169/TC4 joint prepared by 

TLP diffusion bonding 
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Microstructure and Mechanical Properties of GH4169/TC4 Joints Prepared 

by Transient Liquid Phase (TLP) Diffusion Bonding 
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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)/TiNi

3

/Ti

2

Ni/Ti/Ti

2

Ni/Ni/TiNi+Ti

2

Ni/TC4” forms between 

GH4169 and TC4 under the process parameters of 960 *, 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

2

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

3

. 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

2

Ni”, which presents a brittle characteristic. 
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