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Ti-50Ni �� TZM � ZrC
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Fig.1  Microstructure (a) and XRD pattern (b) of ZrC

p

-W composite 

 

 !""� 1a�#$%��&'( 

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 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

¨ 7  [67nÀÁÂÃzÀÄÅÆ 

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

 

 

�� 1460 ,M�GH+��G³��Õ����|

�M�GH�ÃÄ|�º���S»Á«M¼½�l

¾¿�ZI 

�ã 7b�7d3��è­®�ì�½�¦Zeâë

3 ÑäIt����|¢M�À
n� Mo ��9~

W$�Å_ Ti-Mofg7ÜBèÞ�°����|�M�

Å_ Ti-Mo fg7NÜD èÞÕGH EDS ZeÁ|�

TZM Nyij�d3��_�� TiNi

3

��t���

�|�M�Ö&«n� Ti!�����ij�d3�

Ti	�2¢�Ni	�ÂP©�©�I 

��������

1) ¬% Ti-50Ni ���d�|} TZM ��~

ZrCp-Wb�cd���������¾�¿ÀÁÂZ

s�OTZM/Ti-Mo+TiNi

3

+Mo-Ti-W/TiNi+TiNi

3

+W(s,s)+ 

(Ti,Zr)C/ZrC

p

-WI 

2) $X�����Ì��Ti-Mo fg7N3�  

�ZH[`n�`S���¤� Ti-Mofg7��_

ªZI 

3) $�����/�����¾�h>��*u

/þ:2I����� 1340 ,M��¾ûü¢�h

>��� 146 MPaI 

4) t����|�M��¾ Ti-Mofg7NÃÄ

º���S»Á�¼½l¾¿�Z�G³)ÅJ Ti-Mo

fg7NI 

 


���    References  

[1] Fan Jinglian(ÇÈÉ), Qian Zhao(Ê Ë), Cheng Huichao(Ì

ÍÎ) et al. Rare Metal Materials and Engineering(¸¹�º

+,-#$)[J], 2013, 42(4): 853 

[2] Huang Qiang(Ï �), Li Qing(Ð S), Song Jinxia(ÑÒÓ) et 

al. Materials Review(+,ÔÕ)[J], 2009, 23(11): 38 

[3] Zhao Y W, Wang Y J, Chen L et al. International Journal of 

Refractory Metals and Hard Materials[J], 2013, 37: 40 

[4] Wang Yujin(Ö×�), Zhou Yu(Ø ×), Song Guiming(Ñ�

�) et al. Journal of Solid Rocket(��ÙÚ	N)[J], 2003, 

26(3): 28 

1300   1340   1380   1420   1460 

Temperature/  

160

120

80

40

0

S
h

e
a
r
 
S

t
r
e
n

g
t
h

/
M

P
a
 

t=10 min 

Crack 

Crack 

E 



§1940§                                          ¸¹�º+,-#$                                           � 47� 

[5] Zhang Shun(Û Ü), Fan Jinglian(ÇÈÉ), Cheng Huichao(Ì

ÍÎ) et al. Rare Metal Materials and Engineering(¸¹�º

+,-#$)[J], 2013, 42(7): 1429 

[6] Song Xiaoguo(ÑÝ�), Cao Jian(Þ ß), Li Zhaoguang(Ðà

á) et al. Rare Metal Materials and Engineering(¸¹�º+

,-#$)[J], 2013, 42(8): 1694 

[7] Chan H Y, Shiue R K. Journal of Materials Science Letters[J], 

2003, 22(23): 1659 

[8] Wang Juan, Li Tajiang, Zheng Deshuang. Vacuum[J], 2012, 86: 

2054 

[9] Zou Guisheng(âã�), Wu Aiping(äåæ), Gao Shouchuan 

(!çè) et al. New Technology & New Process(Y	NY#

é)[J], 2002, 6: 40 

[10] Xu Qingyuan(êëì), Li Ning(Ð í), Xiong Guogang(î

�ï) et al. Transaction of the China Welding Institution(6

7�Õ)[J], 2006, 27(7): 38 

[11] Li Yingquan, Zhang Zhengde, Deng Chaoquan et al. 

Materials Characterization[J], 2000, 44: 425 

[12] Pan Rui, Wei Hongmei, Lin Tiesong et al. Scripta Materialia 

[J], 2016, 112: 42  

[13] Hadian Ali M, Drew Robin A L. Journal of the European 

Ceramic Society[J], 1999, 19: 1623 

[14] Sánchez M, Garrido M A, Múnez C J et al. Materials and 

Design[J], 2014, 54: 900 

[15] Liaw D W, Shiue R K. International Journal of Refractory 

Metals and Hard Materials[J], 2005, 37: 91 

[16] Stephens J J, Vianco P T, Hosking F M. JOM[J], 1996(1): 54 

[17] Song Changbao(Ñðñ), Lin Tiesong(òóô), He Peng(õ 

ö) et al. Journal of the Chinese Ceramic Society(÷øù�

Õ)[J], 2013, 41(3): 298 

[18] Lin C C, Chen C, Shiue R K et al. International Journal of 

Refractory Metals and Hard Materials[J], 2011, 29: 641 

[19] Song Changbao(Ñðñ). Thesis for Doctor(� úû)[D]. 

Harbin: Harbin Institute of Technology, 2014: 56 
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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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