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 1  Cu-15Ni-8Sn!"�#$%&� 

Table 1  Chemical composition of designed Cu-15Ni-8Sn alloy 

(ω/%) 

Alloy Ni Sn Zn Al Si Cu 

Cu-Ni-Sn 15.0 8.0 1.0 0.8 0.2 Bal. 
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º 1  p�y»STqr 

Fig.1  Optical microstructure of as-cast alloy: (a) low magnification 

and (b) high magnification 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

º 2  p�y»qr SEM¼½ 

Fig.2  SEM images of as-cast alloy: (a) EDX analysis point and 

(b) line distribution of Cu, Ni, Sn, Zn, Al and Si elements 

 

 2  � 2� Cu-15Ni-8Sn"�'()*#+,�- 

Table 2  EDX analysis of as-cast alloy in Fig.2 

ω/%  at/% 

Point 

Cu Ni Sn  Cu Ni Sn 

A 

74.67 18.15 3.47 

 

72.83 19.16 1.81 

B 

45.60 18.69 34.16 

 

52.33 23.21 20.98 

C 

73.94 11.63 11.74 

 

76.18 12.97 6.47 

 

2 h8830 Ã, 2 h+860 Ã, 2 h8830 Ã, 2 h+880 Ã, 2 h

����,��w�9-�Ø����DQþ 3a �

¬�Ä 830 Ã, 2 h+840 Ã, 2 h����,��w��

������������ö:;<�EJ%=&Ø

�òKL�>?ö:@ÊDþ 3b¶�Ä 830 Ã, 2 h+850 

Ã, 2 h��,¤¥w���AÛ�\�BC� 20~30 

µm�=&Ø�ò�|@Ê���¶D_3 830 Ã, 

2h+860 Ã�2 h��,��w]þ 3c �̂��BC»�

D�\� 40~50 µmDE�é�� 830 Ã, 2 h+880 Ã, 2 

hw]þ 3d �̂�ÝÞ���BC5Ú�\��� 60~70 

µm�E>?
F�£G�HFID�{�����B

C�=&Ø�@Ê67����JK��,¤¥d�

�P830 Ã, 2 h+850 Ã, 2 h�����,��D 

þ 4a ���,� Cu-15Ni-8Sn-1.0Zn-0.8Al-0.2Si

��L 850 ÃÄL¢¡ã� 70%�£Å¢¡w��Ø

����D��ÚÛ��"3���ôivö:M§

��!"M§���º!
FN�Dþ 4b ���Ä 

a 

500 µm 

50 µm 

b 

B 

A 

C 

a 

10 µm 
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5 µm 



¹288¹                                          ¾>�¿#$%&'                                            � 47� 

 

 

 

 

 

 

 

º 3  p�yz{À£}~defghlm�u�Rqr¼½ 

Fig.3  Optical micrographs of designed alloy with different two-stage homogenizing annealing treatment processes: (a) 830 |, 2 h+  

840 |, 2 h; (b) 830 |, 2 h+850 |, 2 h; (c) 830 |, 2 h+860 |, 2 h; (d) 830 |, 2 h+880 |, 2 h 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

º 4  Cu-15Ni-8Sn-1.0Zn-0.8Al-0.2Sip�k�M��»qr 

Fig.4  Optical microstructures of as-rolled Cu-15Ni-8Sn- 

1.0Zn-0.8Al-0.2Si alloy: (a) hot rolled and (b) cold 

rolled  
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2 �STey� ¤¥�âÑ���ß��­äåÍ
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� �9���ß�XYïE�D��L 400 Ãey
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mine��ß�[��Zey �]3780 MPa D̂Íw�

��ß�Í\eyeT�]�p^_9t�E�:�

L 400 Ãey 8 hw�ß�[J`a[�Ëb]3570 

MPa �̂�¬L 400 Ãeye����[c�d�ey
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Mþ 5bÐi�2���ÒÓ�­äå�Íeye

T�]�pE�DeyVW�­äåYïE��450 Ã, 

30 min� 400 Ã, 1 hw��­äå^_jkl�D¦
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2.3  ���� 
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min�Zey¤¥w�2�ÒÓ�dë���op��
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�âí§z¬U 3�§�þ 5 ¶�

eyß��­äåU2���	
P450 Ã, 30 minZe 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

º 5  p��#U�� 400Y 450 |Á2ÂÀ£��Ã�Äu�

�Y,��ÅÆ  

Fig.5  Hardness (a) and electrical conductivity (b) curves of 

alloy sheets aged at 400 | and 450 |  
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y �9���ÒÓß�� 3780 MPa�­äå� 8.0% 

IACS�dë�� 1144 MPa�op��� 1098 MPa�]

ìå� 3.29%D400 Ã, 1 h Zey �9ß�� 3900 

MPa�­äå� 7.4% IACS�dë�� 1164 MPa�op

��� 1112 MPa�]ìå� 3.05%D�¬�Ø¦4 450 Ã, 

30 miney��ÒÓ�400 Ã, 1 h �9���ÒÓd

ë���ß�[��ì�å�­äå×muD 

2.4  �� ! 

þ 6� 850 Ã, 1 hÉÊ¤¥���""Ä 60%Î

Å+400 Ã, 1 hey]þ 6a�6b^� 60%ÎÅ+450 Ã, 

30 miney¤¥]þ 6c�6d^w»¼èéëì�Íw

��ðñ­ÜÝÞÑ��qr¡sDQþ 6a�6c�¬�

Ö� �9���tÝqr¡s��u+¥-qr�

��ôivv�qw�%[xywz�\ã{p��

A;|}"34+¥VsD 

¦+ÝÞ 2 �� 99-qr��ðñ��]þ

6b�6d �̂��	
Ä 450 Ã, 30 miney¤¥�ÒÓ�

�|}Ø¦~���Dp|}�\���{!�ã�

Èµ��
�í�é��2¢ïåA%��Lþ 6 ¶

í�êC�|}\�!���|ØT�679�|}

��f��×]ìåf\���f{�×]ìåf�D

�{���ÎÅ�ÒÓÄ 450 Ã, 30 miney¤¥w�

�|}~��]ìåØ¦~�D 

2.5  TEM�� 

þ 7���ÒÓÄ 850 Ã, 1 hÉÊ¤¥�60%¢

¡ãÎÅ¢¡wL 400 Ãey 1 h �øõ­òÚ 
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Table 3  Comprehensive properties of designed alloy 

Sample 

state 

Conductivity

/% IACS 

Tensile 

strength/ 

MPa 

Yield 

strength/ 

MPa 

Elongation/

% 

400 �, 1 h AT 7.4 1164 1112 3.05 

450 �, 30 min 

AT 

8.0 1144 1098 3.29 
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� 6  Cu-15Ni-8Sn-1.0Zn-0.8Al-0.2Si�������	
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Fig.6  Fracture surface of Cu-15Ni-8Sn-1.0Zn-0.8Al-0.2Si alloy in different heat treatment processes: (a, b) 400 �, 1 h and (c, d) 450 �, 

30 min 
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� 7  Cu-15Ni-8Sn-1.0Zn-0.8Al-0.2Si�� 400 �, 1 h���	
�!"#$%&'()#$*"+, 

Fig.7  TEM micrographs and SADPs of designed alloy aged at 400 � for 1 h: (a~d) bright field micrograph, (e) SADP of beam direction 

along [110]

Cu

, and (f) SADP of beam direction along [112]

Cu
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Abstract: The effect of homogenizing annealing and thermo-mechanical treatment processes on microstructure and properties of 

Cu-15Ni-8Sn-1.0Zn-0.8Al-0.2Si alloy was investigated using mechanical property test, electrical conductivity measurement, optical 

microscopy, scanning electron microscopy and transmission electron microscopy. The alloy ingot was treated by two-stage homogenizing 

annealing at 830 °C/2 h+850 °C/2 h, hot rolled by 70%, then solution treated at 850 °C for 1 h, followed by 60% cold-rolling deformation 
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and aging treatment at 400 °C and 450 °C. Results show that after aging at 450 °C for 30 min, the hardness is 3780 MPa, electrical 

conductivity is 8.0% IACS, tensile strength is 1144 MPa, yield strength is 1098 MPa, and elongation is 3.29%. After aging at 400 °C for 1 

h, the hardness is 3900 MPa, electrical conductivity is 7.4% IACS, tensile strength is 1164 MPa, yield strength is 1112 MPa, and 

elongation is 3.05%. The combined effects of spinodal decomposition strengthening, precipitation strengthening and substructure 

strengthening are the main strengthening mechanism in alloy. Meanwhile, the solid solubility of matrix is reduced, and the electrical 

conductivity of alloy is improved due to the precipitation of solute atoms. After two-stage homogenizing annealing treatment, the 

microstructure of the alloy is homogeneous equiaxed grain. It is found that spinodal decomposition and L1

2 

ordering (β-Ni

3

Sn) appear in 

the alloy during aging at 400 °C for 1 h. The crystal orientation relationships between copper matrix and β-Ni

3

Sn precipitates are 

determined as: 

Cu
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