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Fig.1  Microstructures of as-quenched Cu-3.2Ni-0.7Si alloys of A1 (a), A2 (b), A3 (c), and A4 (d) 
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Fig.2  Variations of the electronic conductivity (a), microhardness (b) and tensile strength (c) with the cooling rate 
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Fig.3  Microstructures of alloy A3 after different aging processes: (a) 823 K/30 min, (b) 673 K/120 min, and (c) 823 K/120 min 
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Fig.4  TEM dark field image (a) and selected area electron 

diffraction pattern (b) of alloy A3 after aging at 823 K for 

60 min 
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Fig.5  Variations of the electronic conductivity, tensile strength and microhardness of alloy A3 with the aging time at different aging 

temperatures: (a) 673 K, (b) 723 K, (c) 773 K, and (d) 823 K 

 

p��¡÷��[NO�g�#$h¶����O�

3�1ó��¡÷�T5��NO���O�ipj

e��¡÷�B��C�öLPf�&a�È��O

�ipje�Cu���H�B�0���E��E�

`W¤0[��E	�B�E��0[�|}f	g

MH���b>?Æk�z!lmj�E���EH

�DkF;5�GnB�oAp

[15]

�78��E��

��z{y��� Cu��ö��¹4· 4aº��g

�D�b>?�(��C�B�¡÷�

[3]

��¡÷�

B(��C��E#h¶�f	¯��qv>?
r

FH�O�h¶b�sK1ó�O�3��E�y�

����tuó[�vBw��Ú���� Cu �

x!y�

[16]

z$l´���{|�w[����VÓ

Ô�¹4�z}B Cu���·~ 5bº�@/(��

C����� 

��������

1) ��gM	���[�Cu-3.2Ni-0.7Si >?�

z{v�y��ßà	�j 2100 r/min�z{�në

j 16 µm��ßà	���$ 3000 r/min�>?z{

�n5�$ë 5 µm� 

2) ��gM	���[�Cu-3.2Ni-0.7Si >?�

@�^V�5��&a�È>?� H��BMN@

/��� z!"£�/)��O_`��@�^�

�O�3���TöLNO�&a�È����E��

��
rz!"£���� z!Ð$[Ö�/� 

3) ��gM	���[�Cu-3.2Ni-0.7Si >?�

�¡÷�B(��C���[�&�+ayzC��

st)�O_`��>?��¡÷�B(�C�v�

D��&ay������C��st��¡÷�B

(��C�#$h¶�����O�3�����¡

÷�B(��C�v����&a�È���w�v

�/� 

 

����    References 

[1] Nishimura A, Kawai S, Murakami G. IEEE Transactions on 

Components, Hybrids, and Manufacturing Technology[J], 

1989, 12(4): 639 

[2] Altenberger I, Kuhn H A, Gholami M et al. Metals[J], 2015, 

5(2): 763 

[3] Altenberger I, Kuhn H-A, Müller H R. Materials and Product 

Technology[J], 2015, 50(2): 124 

[4] Komitsky J F, Lasky R. Advanced Packaging[J], 2004: 13(4): 

33 

0 50 100 150 200 250 300 350 400 450

15

20

25

30

35

40

45

50

55

T
e
n
s
i
l
e
 
S

t
r
e
n
g
t
h
/
M

P
a

 Conductivity

a

300

350

400

450

500

550

600

650

 Tensile strength

 Microhardness

 

C
o

n
d

u
c
t
i
v

i
t
y

/
%

I
A

C
S

 

2200 

2000 

1800 

1600 

1400 

1200 

1000 

M
i
c
r
o

h
a
r
d

n
e
s
s
,
 
H

V
/
M

P
a
 

0 50 100 150 200 250 300 350 400 450

20

25

30

35

40

45

50

55

T
e
n
s
i
l
e
 
S

t
r
e
n
g
t
h

/
M

P
a

 Conductivity

250

300

350

400

450

500

550

600

650

700

 Tensile strength

 

 Microhardness

 

b

 

C
o

n
d

u
c
t
i
v

i
t
y

/
%

I
A

C
S

 

2500 

2250 

2000 

1750 

1500 

1250 

1000 

M
i
c
r
o

h
a
r
d

n
e
s
s
,
 
H

V
/
M

P
a
 

0 50 100 150 200 250 300 350 400 450

20

25

30

35

40

45

50

55

 Conductivity

Aging Time/min

T
e
n
s
i
l
e
 
S

t
r
e
n
g
t
h
/
M

P
a

c

250

300

350

400

450

500

550

600

650

700

 Tensile strength

 

 Microhardness

 

 

C
o

n
d

u
c
t
i
v

i
t
y

/
%

I
A

C
S

 

2250 

2000 

1750 

1500 

1250 

1000 

M
i
c
r
o

h
a
r
d

n
e
s
s
,
 
H

V
/
M

P
a
 

0 50 100 150 200 250 300 350 400 450

20

25

30

35

40

45

50

55

 Conductivity

Aging Time/min

d

200

250

300

350

400

450

500

550

600

650

700

 Tensile strength

 

T
e
n
s
i
l
e
 
S

t
r
e
n
g

t
h
/
M

P
a

 Microhardness

C
o

n
d

u
c
t
i
v

i
t
y

/
%

I
A

C
S

 

2100 

1800 

1500 

1200 

900 

M
i
c
r
o

h
a
r
d

n
e
s
s
,
 
H

V
/
M

P
a
 



� 12�                 ������	
���������� Cu-3.2Ni-0.7Si����������               �3871� 

[5] Liu Jia, Wang Xianhui, Guo Tingting et al. Rare Metal 

Materials and Engineering[J], 2016, 45(5): 1162 

[6] Ma Peng(  !). Thesis for Master("#$%)[D]. Ganzhou: 

Jiangxi University of Technology, 2012 

[7] Feng Jing(& '), Chen Jingchao(()*), Yu Jie(+ ,) et al. 

Rare Metal Materials and Engineering(-.�/01�2

3)[J], 2009, 38(2): 281 

[8] Liu Shifeng(456). Thesis for Master("#$%)[D]. Chang- 

sha: Central South University, 2005 

[9] Jia Lei(7 8), Xie Hui(9 :), Wang Xiao(; <) et al. 

Foundry Technology(=>?@)[J], 2011, 32(11): 1553 

[10] Long Y Q, Liu P, Liu Y et al. Materials Letters[J], 2008, 

62(17-18): 3039 

[11] Zhao D M, Dong Q M, Liu P et al. Materials Science and 

Engineering A[J], 2003, 361(1-2): 93 

[12] Jiang Bingjin(ABC ). Thesis for Master("#$% )[D]. 

Nanchang: Nanchang Hangkong University, 2016  

[13] Spitzig W A, Chumbley L S, Verhoeven J D et al. Journal of 

Materials Science[J], 1992, 27(8): 2005 

[14] Choi H I, Lee K Y, Kwun S I. Journal of Materials Science 

Letters[J], 1997, 16(19): 1600 

[15] Srivastava V C, Schneider A, Uhlenwinkel V et al. Journal of 

Materials Processing Technology[J], 2004, 147(2): 174 

[16] Liu Ping(4 D), Kang Buxi(EFG), Cao Xingguo(HIJ) 

et al. Acta Metallurgica Sinica(�/KL)[J], 1999, 35(6): 

561 

 

 

Effects of Cooling Rate and Aging on the Microstructures 

and Properties of Cu-3.2Ni-0.7Si Alloy 
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Abstract: Cu-3.2Ni-0.7Si (mass fraction, %) alloy ribbons were prepared by single roller melt-spinning at different rotating speeds. The 

influences of cooling rate and aging on the electronic conductivity and mechanical properties of Cu-3.2Ni-0.7Si alloy were investigated. 

Results show that the refinement of the solidified microstructures is distinctly observed with the increasing of the cooling rate, which is 

responsible for the decrease of the electronic conductivity and the increase of the microhardness and the tensile strength. During aging of 

the as-quenched alloy at a temperature, the electronic conductivity increases with the lengthening of the aging time. However, the tensile 

strength and the microhardness first increase with the lengthening of the aging time, and then decrease after reaching peak values. The 

considerable decrease of the electronic conductivity with the increasing of cooling rate is due to the severe lattice distortion. However, the 

electronic conductivity considerably increases due to aging, which is attributed to the recovery of the distorted lattices. The increases of 

the microhardness and the tensile strength of the as-quenched alloy are due to the strengthening effect of refinement. The increases of the 

microhardness and the tensile strength due to aging are attributed to the strengthening effect of the randomly distributed second phase in 

the matrix. However, the microhardness and the tensile strength tend to decrease after reaching peak values with the lengthening of the 

aging time, which is due to the growth and agglomeration of the precipitated second phase. 

Key words: Cu-Ni-Si alloy; cooling rate; microstructure; electronic conductivity; mechanical property 
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