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Table 1  Chemical composition of 93W and Mo1 (ω/%) 

Material W Mo Fe Ni Ti V 

93W Bal. <0.02 3 4 <0.01 <0.01 

Mo1 <0.02 Bal. <0.02 <0.01 - <0.01 
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Fig.1  Shear strength of 93W/Ni/Mo1 joints bonded at different 

bonding temperatures (P=20 MPa, t=15 min) 
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Fig.2  Microstructures of 93W/Ni/Mo1 joints at different bonding temperatures: (a) 650 �, (b) 800 �, (c) 850 �, and (d) 1000 �  

(P=20 MPa, t=15 min) 
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Fig.3  Microhardness of 93W/Ni/Mo1 joints bonded at different  

bonding temperatures (P=20 MPa, t=15 min) 
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Fig.4  XRD patterns of 93W/Ni/Mo1 fracture surface: (a) 93W 

side and (b) Mo1 side (P=20 MPa, t=15 min) 
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Fig.5  Microstructures of 93W/Ni/Mo1 fracture surfaces: (a) 800 �, 93 W side; (b) 800 �, Mo1 side; (c) 850 �, 93W side; (d) 850 �,  

Mo1 side (P=20 MPa, t=15 min) 
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Table 2  Elemental composition and phase of the selected zone 

1~6 in Fig.5 

Element content/at% 

Zone 

W Mo Fe Ni 

Phase 

1 - 3.70 - 96.30 Ni (ss, Mo) 

2 - 88.40 - 11.60 Mo (ss, Ni) 

3 - 74.90 - 25.10 Mo (ss, Ni) 

4 71.30 - 7.28 21.42 W (ss, Ni, Fe) 

5 1.46 44.92 3.72 49.90 

MoNi (ss, W, 

Fe) 

6 - 78.53 - 21.47 Mo (ss, Ni) 
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Fig.6  Schematic illustration of the interlayer appearing process:  

(a) solid solution forms and (b) MoNi particles appears 
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Interfacial Microstructure and Mechanical Properties of 93W/Ni/Mo1 Joints by Plasma 

Activated Diffusion Bonding 

 

Rao Mei, Luo Guoqiang, Zhang Jian, Wang Chuanbin, Shen Qiang, Zhang Lianmeng  

(State Key Laboratory of Advanced Technology for Materials Synthesis and Processing,  

Wuhan University of Technology, Wuhan 430070, China) 

 

Abstract: Refractory metals 93W and Mo1 were bonded with Ni interlayer by plasma activated sintering. The influence of bonding 

temperatures on the microstructures, elemental distributions across the interfaces and mechanical properties of 93W and Mo1 joints was 

investigated. And fracture mechanism of joints was also analyzed. The results show that pores occur at the interface of 93W/Mo1 when the 

bonding temperature is below 800 °C. However, when the bonding temperature is above 800 °C, the interface is satisfying. Shear strength 

of 93W/Ni/Mo1 joints firstly increases and then decreases with the rising of bonding temperature, and the maximum strength (100.2 MPa) 

of the joint is obtained at 800 °C. Solid solutions are formed at the 93W/Ni and Ni/Mo1 interfaces when bonding temperature is above 800 

°C, while MoNi brittle phase appears at Ni/Mo1 interface which reduces the bonding strength of joints. Fracture failure mainly occurs at 

Ni/Mo diffusion interfaces. 

Key words: 93W alloy; Mo1 alloy; diffusion bonding; plasma activated sintering; microstructure; mechanical properties 
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