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Fig.1  Microstructure (a) and XRD pattern (b) of ZrC

p

-W composite 
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Table 1  Chemical composition and possible phase of each spot 

marked in Fig.1a (at%) 

Spot W Zr C Possible phase 

A 0.40 32.41 67.19 ZrC 

B 96.86 3.14 — W(s,s) 
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Fig.2  Schematic of the assembling brazing parts (a) and shear 

test

 

experiment (b) 
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Fig.3  BSE images of typical interfacial microstructure of the 

brazed joint (1340  /10 min) 
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Table 2  Chemical composition and possible phase of each 

spot marked in Fig.3b (at%) 

Spot Mo Ti Ni W Zr C Possible phase 

A 72.4 21.1 2.5 1.5 2.5 » Ti-Mo 

B 4.0 24.6 54.8 2.5 14.1 » TiNi

3

 

C 57.9 18.8 5.3 15.5 2.5 » Mo-Ti-W 

D 0.9 41.9 51.8 1.7 3.7 » TiNi 

E 1.3 4.2 5.7 84.4 4.4 » W(s,s) 

F 0.4 48.9 1.3 0.6 3.7 45.1 (Ti,Zr)C 
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Fig.4  XRD pattern of the brazing seam (1340 °C/10 min) 
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Fig.5  Interfacial microstructure of the brazed joints at different 

temperatures: (a) 1300  , (b) 1340  , (c) 1400  , and 

(d) 1460   
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Fig.6  Effect of brazing temperature on shear strength 
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Fig.7  BES images of cross-section (a, c) and fracture 

morphology (b, d) after shear test: (a, b) 1340  ; 

(c, d) 1460   
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Table 3  Chemical composition and possible phase of each 

spot marked in Fig.7 (at%) 

Spot Mo Ti Ni W Zr Possible phase 

A 94.9 1.5 1.9 1.0 0.7 Mo(s,s) 

B 69.3 15.3 8.1 4.1 3.2 Ti-Mo 

C 8.2 25.9 53.0 1.5 11.4 TiNi

3

 

D 85.2 9.7 1.8 3.0 0.3 Ti-Mo 

E 1.5 18.9 76.7 1.3 1.6 TiNi

3
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Abstract: Vacuum brazing of TZM alloy and ZrC

p

-W composite was achieved by Ti-50Ni (at%) brazing alloy. The interfacial 

microstructure of the joints was characterized using SEM, EDS and XRD. In addition, the effect of brazing temperature on interfacial 

microstructure and joining properties of TZM/Ti-50Ni/ZrC

p

-W brazed joints was also investigated. Results show that the typical interfacial 

microstructure of the brazed joints is TZM/Ti-Mo+TiNi

3

+Mo-Ti-W/TiNi+TiNi

3

+W(s,s)+(Ti,Zr)C/ZrC

p

-W. As the brazing temperature 

increases, more and more Ti and Ni elements in molten brazing alloy diffuse into the base materials, which in turn broaden the brazed 

joints. At the same time, the grain size gradually increases and the grain boundary becomes smoother. Shear strength increases first and 

then decreases with the brazing temperature increasing. Reliable brazed joints with average shear strength up to 146 MPa is achieved when 

brazing at 1340 °C for 10 min. 

Key words: vacuum brazing; TZM alloy; ZrC

p

-W composite; Ti-50Ni filler; interfacial microstructure; mechanical property 
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