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Table 1  Chemical composition of GH99 superalloy (ω/%) 

C Mn Si Fe Ti Al Mo W Co Cr Ni 

0.052 0.015 0.15 1.105 1.365 1.995 3.900 5.620 6.900 18.160 Bal. 
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Fig.1  Temperature rise curve of brazing 
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Table 2  Shear strength (τ
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) of Al
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joints with different process parameters 

No. Temperature/� Time/min τ

b

/MPa 

1 860 5 84.39 
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Fig.2  Shear strength of joints at different brazing temperatures 

for 5 min 
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Fig.3  Macro-fracture morphologies of joints at different temperatures for 5 min: (a) 860 �, (b) 880�, (c) 900�, (d) 920�, and  

(e) 940 � 
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Fig.4  Micro-fracture images of joints at 900  for 5 min: � (a) whole interface, (b) zone A, (c) zone B, and (d) candy like  

morphology in zone B 
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Table 3  EDS results of each spot in Fig.4 (at%) 

Spot O Al Ti Ni Cu Ag 

Possible 

phase 

1 - - 1.74 2.31 7.78 88.17 Ag(s,s) 
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Cu

3

Ti

3

O

<TiO

3x

B 

5 56.95 41.96 0.31 - 0.44 0.34 Al

2

O

3

 

6 47.39 13.71 20.72 0.38 13.64 3.41 

Cu

3

Ti

3

O

<TiO

3x

B 

 

 

�ô�ÓJK��;)s��,�í��§¨r)�

©ª���2�+gÅ��3#8 

��þ��Qre/y-C.DEîj@.AB

î�z�gÅABî9;#e/[�vÄ�� 920 �

Qr
;#e/¶·Å�����
��K
C.D

Ey-� 4ÈÉe/�z�ABgÅ*I�� 4ÈÉ


e/,�d��GgÅ
e/Æ� 5ÈÉ8 

�FëABî9K���Ç��|{UëfAµ

1f
ÅUw1��;÷GÆ� 5bÈÉ����
�

�å~-G1f>»î9� �î9Ù��)r
'

(��
G1fî92Å|�0}f
w1��Ç�


0}1¶·÷GÆ� 5cÈÉ8�� 5K
WV¶·

�WÅ��ÆÇ 4ÈÉ8 

 

 

 

 

 

 

 

 

� 5  920 �?0 5 min{M7FR����� 

Fig.5  Micro-fracture morphologies of parts of the joint at 920  for 5 min� : (a) partial pit area; (b) enlargement of zone A in Fig.5a;   

(c) enlargement of small white-light piece in zone A in Fig.5a 
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Table 4  EDS results of each spot in Fig.5 (at%) 

Spot O Al Ti Ni Cu Ag 
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Fig.6  XRD pattern of the brazed joint at 920 � for 5 min 
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Fig.7  Interfacial microstructure of the joint brazed at 920 � 

for 5 min 
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Fig.8  Shear strength of joints for different holding time at 

900 � 
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Fig.9  Macro-fracture morphologies of joints for different 

holding time at 900 �: (a) 5 min, (b) 10 min, (c) 15 min, 

and (d) 25 min 
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Fig.10  Micro-fracture morphologies of joints at 900  for 15 min and 25�  min: (a) 15 min, (b) zone A, (c) 25 min, and (d) zone B 
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Mechanical Properties of Alumina Ceramic/AgCuTi/GH99 Superalloy Brazed Joints 

 

Ye Xiaofeng, Wang Yu, Zhang Hengquan, Fan Baoquan, Ma Xinguang, Fan Yongming 

(Nuclear Power Institute of China, Chengdu 610041, China) 

 

Abstract: The Al

2

O

3

 ceramic was brazed to GH99 superalloy using AgCuTi filler alloy. The influence of the process parameters on the 

mechanical property of the joints was studied. The fracture location of joints under different process parameters was analyzed. The results 

show that when the holding time is 5 min, the shear strength of joints decreases after increasing to a maximum with the increase in brazing 

temperature. The maximum is obtained at 900 °C, which is 127.24 MPa. When the brazing temperature is lower, the fracture is mostly in 

Al

2

O

3

/filler side. With the increase in brazing temperature, the TiNi

3

 reaction layer is gradually thickened and parts of the fracture are in 

the TiNi

3

 reaction layer/filler interface. At 900 °C, with the increase in the holding time, the shear strength of joint gradually decreases. 

The joints are mainly fractured in the Al

2

O

3

 ceramic/filler interface when the holding time is short. When the holding time is too long, the 

reaction layer extends into the middle of the solder and the thickness of TiNi

3

 layer is greatly increased, and the micro crack is produced in 

the reaction layer, which greatly reduces the strength of the joint, and then the joint is partly fractured in the middle of the filler metal and 

TiNi

3

 reaction layer. 

Key words: Al

2

O

3

 ceramic; GH99 superalloy; brazing; shear strength 
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