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Fig.1  Metallographic microstructures of as-cast Ag-28Cu-0.75Ni alloys: (a) horizontal continuous casting, (b) water-cooled copper die 

casting, and (c) graphite die casting 
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Table 1  Grain morphology and size of as-cast Ag-28Cu-0.75Ni alloy obtained by different processes 

Casting process Grain morphology Average grain size 

Horizontal continuous casting Columnar crystal 20 µm×60 µm 

Water-cooled copper die casting Equiaxed crystal 10 µm 

Graphite die casting Casting tri-crystal zone 

5 µm surface fine crystal+20 µm×60 µm columnar crystal+ 

30 µm equiaxed crystal 
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Fig.2  Fracture morphologies of as-cast Ag-28Cu-0.75Ni alloys: (a~c) columnar crystal of 20 µm×60 µm; (d~f) equiaxed crystal of 10 µm; 

(g~i) tri-crystal zone 
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´ 3  H/}�¦j 2 mm�Ag-28Cu-0.75Ni��O XRD´» 

Fig.3  XRD patterns of processed (diameter 2 mm) Ag-28Cu- 

0.75Ni alloy 

 


¿>C7¡�� 2 mm �>�C7ö�� XRD A

�@NOC7ö Ag-28Cu-0.75Ni V
�>� XRD A

�/� Ag ��Cu �?=����g�?=RE�>

?=�f��K#<'Williamson-Hall�W-H��}

[12,13]

�R,|F+.)\^ 

B B

XRD

cos sin

Kλ

B θ ε θ

d

= +                    �1� 

XRD

2 3ε

ρ

d b

=

                              �2� 

}/#ρ �+.)\�B - θ

B

óõ� X =>?=��

��g-?=R�K���ûK�0.89��λ� Cu� Kα

=>��f�0.154 056 nm�

[14]

�b�����R@A

4a�4b óõ� Ag �- Cu �� Bcosθ

B

ù sinθ

B

�

Williamson-Hall �}/�>"�V<û@A/� �

ε#��ù d

XRD

�<@ 

À 2� 3,»àÑö�÷ø� Ag-28Cu-0.75NiV


¿>�Z�C7¡�� 2 mm�C7ö�£#NO

Williamson-Hall�},|r( Ag�- Cu��+.)

\KO@ÅÀ 2 ×ì#¼½»�E)»*� Ag-28Cu- 

0.75Ni V
¿>�Z�C7 #Ag �E Cu �qÀ¥

aUL]�+.)\#óõ� 1.78×10

15

�1.34×10

15

E

1.71×10

15

�8.02×10

14 

m

-2

#�Æ»� Ag-28Cu-0.75Ni

V
¿>�Z�C7 #Ag �E Cu ��À¥aUL

��+.)\#óõ� 2.29×10

15

E 1.42×10

15 

m

-2

@ 

2.3.2  ���� 

À 3� 3,»àÑö�÷ø� Ag-28Cu-0.75NiV


¿>vö��� 8 mm��EC7ö��� 2 mm�

�êQú\KO@ÅÀ 3 ×ì#�Z�C7 #3 ,

Ag-28Cu-0.75Ni V
¿>�êQú\qt�ç��#

¼½» Ag-28Cu-0.75Ni V
¿>�êQú\Ð� 4

]#� 33.3%#�Æ» Ag-28Cu-0.75Ni V
¿>�ê 

 

 

 

 

 

 

 

 

 

 

 

 

´ 4  Ag�� Cu�O Bcosθ

B

3 sinθ

B

¼ Williamson-Hall½¾¿OÀIÁ� 

Fig.4  Linear fitting of Bcosθ
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 of Ag phase (a) and Cu phase (b) in Williamson-Hall formula 
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Table 2  Dislocation density of Ag-28Cu-0.75Ni alloy wire (processing state, diameter 2 mm) in Ag phase and Cu phase 
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Table 3  Micro-hardness HV

0.2
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(diameter 8 mm) and processed (diameter 2 mm) 

Ag-28Cu-0.75Ni alloy  
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Columnar crystal 121.3 151.7 33.3 

Equiaxed crystal 101.2 162.5 60.6 

Casting tri-crystal zone 95.8 179.8 87.7 
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Fig.5  Drawing processing diagram of Ag-28Cu-0.75Ni alloy 
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Fig.6  Tensile stress-strain curves of as-cast Ag-28Cu-0.75Ni alloy 

with different grain morphologies and sizes 
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Table 4  Broken wire diameter of ultra-fine wire processing of Ag-28Cu-0.75Ni alloy with different grain morphologies and sizes 

Grain morphology Average grain size Broken wire diameter/mm 

Columnar crystal 20 µm×60 µm <0.1 

Equiaxed crystal 10 µm 0.15 

Casting tri-crystal zone 5 µm surface fine crystal + 20 µm×60 µm columnar crystal + 30 µm equiaxed crystal 0.21 
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Fig.7  Resistivity change of Ag-28Cu-0.75Ni alloy ultra-fine wires 

(diameter 0.1 mm) before and after continuous annealing 
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Effects of Grain Morphology and Size on Processing and Electrical 

Properties of Ag-28Cu-0.75Ni Alloy Ultra-fine Wire 
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Abstract: In order to explain the reason why the columnar crystal precious metal has excellent ultra-fine wire processing property and high 

resistivity, three kinds of Ag-28Cu-0.75Ni alloy bars, columnar crystal of 20 µm×60 µm, equiaxed crystal of 10 µm, and tri-crystal zone 

with surface fine crystal of 5 µm + columnar crystal with length diameter ratio of around 3+core equiaxed crystal of 30 µm, were obtained 

by horizontal continuous casting, water-cooled copper die casting, and graphite die casting, respectively. The effects of grain morphology 

and size on the ultra-fine wire processability and resistivity of Ag-28Cu-0.75Ni alloy bars were studied. The results show that compared 

with the equiaxed crystal bar and the tri-crystal zone bar, the columnar crystal bar has the lower dislocation density (Ag phase is 1.78×10

15 

m

-2

, Cu phase is 1.34×10

15

 m

-2

), the lowest ratio of micro-hardness change (33.3%), and no cleavage step after the tensile test; thus, it 

presents the lowest work hardening rate. Besides, the axial tensile strength of as-cast columnar crystal bar is up to 384.6 MPa. Therefore, 

the ultra-fine wire with the diameter of 0.05 mm and the length of 100 meters or more can be obtained by the high-efficiency continuous 

drawing wire of the columnar crystal bar. The resistivity of processed and annealed Ag-28Cu-0.75Ni alloy ultra-fine wires drawn from the 

columnar crystal bar is higher; after twice continuous annealing, the resistivity of columnar crystal Ag-28Cu-0.75Ni alloy ultra-fine wire is 

up to 3.68 µΩ·cm, which is related to the lower dislocation density and work hardening rate. 

Key words: Ag-28Cu-0.75Ni alloy; grain morphology; grain size; ultra-fine wire processing; resistivity 

 

Corresponding author: Zuo Xiaoqing, Ph. D., Professor, School of Materials Science and Engineering, Kunming University of Science and 

Technology, Kunming 650093, P. R. China, Tel: 0086-871-65109952, E-mail: zxqdzhhm@163.com 


