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Table 1  Chemical composition of filler metal (ω/%) 

Sample Cu Ag Ni 

1 70 30 - 

2 65 30 5 
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Fig.1  Schematic diagram of thermal fatigue testing machine 
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Fig.2  Microstructure (a) and XRD pattern (b) of CuAgNi filler metals 
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Fig.3  Microstructure (a) and EDS analysis (b) of the joint 
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Fig.4  Effect of testing temperature on shear strength of brazed joint 
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� 5  f�IM\ CuAgNi7�7:@AB���� 

Fig.5  Fracture morphologies of joint brazed with CuAgNi at different temperatures: (a) RT, (b) 100 c, (c) 300 �, (d) 400 �, and (e) 500 � 
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Fig.6  Effect of thermal cycle temperature on shear strength 

of brazed joint 

 

 

 

 

 

 

 

 

 

 

 

� 7  S}~��F7:@A]JKLMB�� 

Fig.7  Effect of the number of thermal cycles on shear strength 

of brazed joint 
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Fig.8  Microstructures of joint after different number of thermal cycling: (a) 200, (b) 300, (c) 400, and (d) 500 

 

_*��Ú��xy��­®.äå#$��Ó0~&K

¹�Ú 100_3É_*��xy��.äå#$þ_�

213.84�200.38�181.68�160.883 132.51 MPaK�3É

_*�Úá 500_��.äå#$©���éø��ºK 

Ò 8�"3ÉRSvy��9;=>KfÒ±&�

y��·ÄÅ�×&kl�mn�200 _"3É
wh

±&ij�y�×12s���í6»ë�3É_*�

¡�Ú��oT¼ α-Cu3 β-Ag½�¾frêv�9³

ij3l¿+Ò 8c/��¦z½�¾fr�§�À�ª

Á�+��fºr+Ò 8d/ë�"3É²á 500 _��

ijmE�§����Ó��oT¼R��y�­®.

äå#$b8Ë~��£��rÂ�ijK 

��������

1) Ni ��xy�� �.äå07�b8��»

;��éâ�$ 400 ³��CuAgNi ���xy��.

äå#$� 121.9 MPa�y�×æÚ Ni�� 2�K 

2) éâ�$y������xy�.äå#$��

$y2�b8ëéâ�$
R 300 ³��RSpTÂ�

b812DÃ�12	��¬2¯fº���#$�z

500 520 540 560 580 600

80

100

120

140

160

180

 

S
h

e
a
r
 
S

t
r
e
n

g
t
h

/
M

P
a

Temperature/�

100 200 300 400 500

120

140

160

180

200

220

240

 

S
h

e
a
r
 
S

t
r
e
n

g
t
h

/
M

P
a

Cycle Number

Tungsten 

sintered 

alloy 

Brazed 

β-Ag 

α-Cu 

a 

Microcrack 

20 µm 

Crack 

propagation 

40 µm 

200 µm 

b 

c d 



� 8�                            ����%CuAgNi7�7:;<=>?*@ABHI�e                         �2639� 

�xy��.äå#$��~&K 

3) � CuAgNi����xy��Ý¯"ÎÏéâ�

£ 500~600 ³�$¯aw�y�­®.äå#$��$

�{ 33É_*��Ú±~&ë�xy��ij£

α-Cu 3 β-Ag ½�¾frÄk��z3É_*��Ú±

�§�Åv!gy�ÆÇK 

   

����    References  

[1] Fan Jinglian(���), Liu Tao(� �), Gong Xing(�  ) et al. 

China Tungsten Industry(z¡;¢)[J], 2012, 27(1): 34  

[2] Liu Wensheng(�£¤), Zhang Jiajia(¥¦¦), Ma Yunzhu(§¨

©) et al. Rare Metal Materials and Engineering(�(*+���

��)[J], 2012, 41(7): 1284  

[3] Rieth M, Dudarev S L, De Vicente S M G et al. Journal of 

Nuclear Materials[J], 2013, 432(1-3): 482  

[4] Cai Z Y, Zhang C, Wang R C et al. Materials & Design[J], 2015, 

87: 996  

[5] Sun Xiaodong(ª«¬), Guo Jian(­ ®), Huang Xiaoting(¯°

±) et al. Foundry Technology(²³
´)[J], 2017(4): 758  

[6] De Prado J, Sánchez M, Utrilla M V et al. Materials & Design[J], 

2016, 112: 117  

[7] De Prado J, Sánchez M, Ureña A. Journal of Nuclear Materials[J], 

2017, 490: 188  

[8] Sánchez M, Garrido M A, Múnez C J et al. Materials & Design[J], 

2014, 54: 900  

[9] Cai Q S, Liu W S, Ma Y Z et al. International Journal of 

Refractory Metals and Hard Materials[J], 2015, 48: 312  

[10] Shang J L, Yan J Z, Li N. Journal of Alloys and Compounds[J], 

2014, 611: 91 

[11] Zhong Z H, Jung H C, Hinoki T et al. Journal of Materials 

Processing Technology[J], 2010, 210(13): 1805  

[12] Zhong Z H, Hinoki T, Kohyama A. Materials Science and 

Engineering A[J], 2009, 518(1-2): 167  

[13] Olson D L, Mishra B, Wenman D W. Mineral Processing & 

Extractive Metallurgy Review[J], 2001, 22(1): 1  

[14] De Prado J, Sánchez M, Wirtz M et al. Journal of Materials 

Processing Technology[J], 2018, 252: 211 

[15] De Prado J, Sámchez M, Wirtz M et al. Journal of Nuclear 

Materials[J], 2018, 499: 225  

[16] Kang Jinwu(µN¶), You Rui(· ¸), Nie Gang(¹ º) et al. 

Journal of Mechanical Engineering(�»���¼)[J], 2012, 

48(12): 63  

[17] Qiu Xiaoming(½°Z), Lu Yuzhen(���), Luo Cui(¾ ¿) et 

al. China Patent(z¡ÀÁ), 201610564583.X[P], 2018  

[18] Shu Delin(ÂÃ� ). Mechanical Properties of Engineering 

Materials(����Ä�VW )[M]. Beijing: China Machine 

Press, 2015:168 

[19] Li L, Li X Q, Hu K et al. Materials Science and Engineering 

A[J], 2015, 634: 91  

[20] Hong I T, Koo C H. Materials Science and Engineering A[J], 

2005, 398(1-2): 113 

 

 

High Temperature Behavior of Tungsten-Based Powder 

Alloy Joints Brazed with CuAgNi Solder 
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Abstract: The microstructures of CuAgNi filler metals and tungsten-based powder alloy brazing joints were investigated by OM, SEM and XRD, 

to compare and analyze the high temperature shear strength of tungsten based powder alloy joints brazed with CuAg and CuAgNi filler metals, and 

the thermal fatigue properties of the brazed joints of CuAgNi brazed filler metal were further analyzed. The results show that Ni promotes the 

shear strength of brazed joints at room temperature and high temperature. When the temperature is close to room temperature, the shear strength of 

the brazed joint is 214.7 MPa, which is 32.37% higher than that without Ni. At 400 °C, the shear strength is 121.9 MPa, which is 91.67% higher 

than that without Ni. Moreover, when the temperature is beyond 300 °C, the oxidation of the bonding interface causes the bonding strength of the 

joint to drastically decrease. In the thermal fatigue test, as the number of thermal cycle increases, the cracks gradually expand after the initiation of 

α-Cu and β-Ag bonding, which gradually reduces the shear strength of the joint. 

Key words: tungsten-based powder alloy; braze; high temperature performance; thermal fatigue 
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