
� 38� � 12� ��������	   Vol.38, No.12

2009�      12�                       RARE METAL MATERIALS AND ENGINEERING          December 2009

�������2008-11-30���	
����2009-09-17

�������973�	
�2006CB605207�

����������1982 �����������������������  100083� !"010-82377286�E-mail: 

zhangly20068@163.com�#$%&"'()�*+,�E-mail: qinml@mater.ustb.edu.cn

AlN/Mo-Ni-Cu �������

���

1

����

1

��	


1

����

2

���

2

(1. ��������� 100083)

(2. ��-.�/��0��� 100088)

� ��12 Ag

70

-Cu

28

-Ti

2

3456789:;<= AlN>?@ Mo-Ni-CuA�BC34D5EFG5HIJKLMN

OPQLR�ST5HU�4V@WX4EYZ[("756\]A�I^_` CuIabQ=cd�e7 AlN>?]

56\I^_`NRfghi 1~2 µmIj Ti\kl XRDFGmn�AlN>?]56\I^_o- TiNp7�[(7

AlN>?]56\I^_`NRfq�rAE5stuvIWX4wx 1.0×10

-11

Pa·m

3

/s�yz{h σ

b

=78.55 MPa�|

}{h σ

τ

=189.58 MPaE

����Ag-Cu-Ti3456k34DskK~FGkDs{h

����� �TG454 !"#$%�A !&' �1002-185X(2009)12-2159-04

AlN ��������	
���
����

�
�����������
���	
��
�

�� !"�#$%&'()*+,-./	012

34567���BeO89�:;<567=�#>

� Al

2

O

3

%?@ABC��DEBF�GH��34

56

[1,2]

IMo-Ni-Cu JKLM��NO���
��

#$PQRS������ !T%UV�: WX

YZ[\]^�_`

[3,4]

I@abcd`ef�!T%

UgXhij%klm AlN ��� Mo-Ni-Cu JKn

oUGpqr&`%st%uvwf�;oxyz{

qeH56�_`PDE��|l}~I

AlN ���K��no���l��K����

��
�#�6�
�c���=�� %LM�#

�6�����K�����kl��
UQ��

�jG������o?/
���klK��
��

�� !T%�]^_`M���K��;o7

[2,3]

I

�uv�` Ag

70

-Cu

28

-Ti

2

�#�6%U����jz

Mo-Ni-Cu JK� AlN ��qr;oI ¡z�6¢

�V£c¤P¥¦£§%¨© Mo-Ni-Cu JK� AlN

����#;oª«I 

� � �

¬56�`®¯ 5%Y

2

O

3

°��±²�³«

AlN��%��´�@ 3.3 g/cm

3

I�`µ¶�·K�

uv¸¹º�»�¼@ 0.1 mm�Ag

70

-Cu

28

-Ti

2

�#�

6½I¬¾`� Mo-Ni-Cu JK��¿À?@

Mo-5Ni-17CuÁÂÃc�%%ÄI 

mAlN��PMo-Ni-CuJKcÅ��? 3 mm×4 

mm×18 mm ÆÇ%8È�oÉ�ÊË��ÌÆIm

AlN ��P Mo-Ni-Cu JKcÅ��? 4 mm×12 

mm×12 mm���4P 5 mm×5 mm×10 mm�ÍÎ

�%8È�oÉÆÇ�ÍÎ��ÌÆIm AlN���

�?»� 1.5 mm%ÏÐ 25 mm ���Ñ½%m

Mo-Ni-Cu JK��?ÒÐ 10 mm%ÓÐ 15 mm%�

10 mm�K�Ô%mwf�oÉ`MÕ´#ÌÆI 

�oB%Ö`×ØuÙ AlN ��P Mo-Ni-Cu J

K�Ú�oÛÜ%&�oÜÝÞß��GS�àá�%

âÉãUäåæ�7çèéêë 20 min%ìíÛÜ�

îï ðñ%CÉU�o����M 1.0×10

-3

 Pa �

CZL-160 òó��ô7qr���oI�o��@

1220 K%õ�ö	@ 10 /min� I 

�o÷?É%UVªó«�øù��ÆªúÈ

û¿#$üÌ%ÊË��PÍÎ����ýö	cÅ

@ 0.2P 0.5 mm/minI�`þ���ÁSEMÄ
�=�

�:�ÁEBSDÄ
EDS $�P XRD c¤���z�

6¢��ÎÜ9ÍÎÆÇ��ÜqrÀ	
?cP


�c¤I�`�Õü�üÌÇ��Õ´#I 

 



�2160�                                          �-�/�6]��                                           � 38� 

������	
�

���������	
���

� 1 ��oÇ���ÎÜþ����½I�7�

��6¢�Üê�%�oNO%ß�����0À	

��I�6¢��c@ 3 �c���JKG���·

A �%�6¢7��0À	 B%89��GS»��

���� _!"¢ CI'7��JKG���· A

�#QX%$¡$�c¤D�'�l� Cu%%Ã&\

88.5%%ç�a B'�0À	7 Cu�%ÃÁ32.35%Ä%

(Ó)�*Ã� Ag P NiI� 2 � Cu +,�-þ�

�½I.�8D�t' Cu �%Ãl�M�0À	 B

7 Cu�%Ã%.�M���6¢G�JK7 Cu�%

ÃI�� 27)�8/�%UJK7%01�6¢'�

Cu %Ã.l�M�6¢2�JK7 Cu �%Ã%34

�JK7� Cu�5�6¢�=�67I 

U�8�V�j�8/\U�6�JK9:)�

G¡;¢ DÁ� 1ÄILMJK�V£ÛÜß�ÝÞ%

<¡;¢g=%¾8/\�¡;¢ Dß�n>%�?

)@A\JK�BC�BC9:IU�:�V�j%

3G��D·Q A��D·EFI$�c¤D�%U

t' Ni�%ÃG��%'7)� TiP*Ã� CuIH

'�ã.�½I� 1�JúK¾LI 

MN Raymundo Arroyave

[5]

�c¤%U���M�

6�OT%�6O�É%CP�65JK317��

=gQ%.X�JK315���67�=ILMU 

 

 

 

 

 

 

 

� 1  5\I EBSD�� 

Fig.1  EBSD morphology of welding interface 

 

 

 

 

 

 

 

� 2  Cu��I�F� 

Fig.2  Element line distribution of Cu 
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Fig.3  Element line distribution of Ti 
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Fig.4  Eutectic organizations B and wetted layer C 
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Fig.5  EDS analysis of eutectic organizations B 
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� 6  uv�_I XRD�� 

Fig.6  XRD pattern of cross section of sample 
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Table 1  Bending and shear strength of sample 

 

Bonding area/ 

mm

2

 

Maximum 

load/kN 

Strength/MPa 

Bending 12 0.062 84 78.55 

Shear 50 9.479 189.58 
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Fig.7  SEM image of the cross section of sheared sample 
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Fig.8  SEM images of the A (a) and B (b) of sections in Fig.7 
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Abstract: AlN ceramics and Mo-Ni-Cu alloy were brazed actively by Ag

70

-Cu

28

-Ti

2

 active solder in vacuum. The microstructure and 

phase composition of the brazed zone were analyzed and its mechanical properties and gas leakage were tested. Results show that Cu 

content is relatively high in the interface between the solder layer and the alloy; while Ti-rich layer with 1-2 µm thickness forms in the 

interface between the solder layer and AlN ceramics, where TiN is found by XRD, which indicates that there is chemical bonding in the 

AlN-solder interface. The gas leakage rate of the sample was 1.0 ×10

-11

 Pa·m

3

/s, and the bending strength and shear strength were σ

�

=78.55 MPa, and σ

τ

=189.58 MP, respectively.  

Key words: Ag-Cu-Ti active solder; active brazing; microstructure analysis; bonding strength 

 

Biography: Zhang Lingyan, Candidate for Master, Institute of Powder Metallurgy, University of Science and Technology Beijing, Beijing 

100083, P. R. China, Tel: 0086-10-82377286, E-mail: zhangly20068@163.com; Corresponding Author: Qin Mingli, Associate 

Professor, E-mail: qinml@mater.ustb.edu.cn 


