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Table 1 Chemical composition of Cu-Ni-Co-Si alloy (w/%)
Ni Co Si Cu
1.4 1.13 0.53 Bal.
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Table 2 Different treatment schedules
Sample No. Process system
A Hot rolling on-line quenching and aging at 450 and 500 ‘C for various time
SA500 Hot rolling on-line quenching, cold rolling by 85%, solutioned treatment at 1000 ‘C for 1 h and aging at 500 C
for various time
SCA500 Hot rolling on-line quenching, cold rolling by 85%, solutioned treatment at 1000 “C for 1 h, cold rolling by 60%

and aging at 500 ‘C for various time
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Fig.1 Hardness (a) and electrical conductivity (b) curves of

Cu-Ni-Co-Si alloy after on-line quenching under different

aging treatment
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Fig.2 Hardness (a) and electrical conductivity (b) curves of Cu-
Ni-Co-Si alloy under solution+aging treatment and solu-

tion+cold-rolled+aging treatment
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Fig.3 Microstructures and selected area electron diffraction pattern of Cu-Ni-Co-Si alloy after on-line quenching (a~c) and aging at 500

‘C for 2 h (d, e): (a) SEM image, (b) TEM bright-field image of large precipitate, (c) selected area electron diffraction pattern of

large precipitate, (d) TEM bright-field image along the [001]cy, and (e) selected area electron diffraction pattern of Fig.3d
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Table 3 EDX results of coarse precipitates and matrix in
Fig.3a (at%)

Point Co Ni Si Cu
A (coarse precipitate) 27.51 12.97 13.99 Bal.
B (matrix) 0.91 1.39 0.52 Bal.
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Fig.4 Microstructures and selected area electron diffraction pattern of Cu-Ni-Co-Si alloy after solutioned at 1000 ‘C for 1 h+aged at 500

‘C for 2 h: (a) TEM bright-field image along the [011]cy, (b) TEM bright-field image along the [001]cy, (c) selected area electron

diffraction pattern of Fig.4b, and (d, ¢) HRTEM images along the [001]cy



% 6 4]

WAL RFELEPE T 2% Cu-Ni-Co-Si &4x20 2405 VERE i 50

* 1973

> A
Rod-shaped pregipitates
-

-

- N e
w- F
e ‘)islclato.;(‘* ‘. ’1

[010]cy

vDisk-shalﬁed precipitates

.
_ - 020 matrix
\ "

\ \ 9 e
\ 021 precipitate
3ol
“$=501 precipitate
200 ngatrixq Fheciy

10 1/nm

Kl 5 Cu-Ni-Co-Si & & [H#-+4 BT+ AL HL(1000 ‘C/1 h+
60%7% 5L+500 "C/2 )BT AL Z L DX FL 7 AT SF AL FE

Fig.5 Microstructure (a) and selected area electron diffraction
pattern (b) of Cu-Ni-Co-Si alloy after solutioned at 1000
C for 1 h+60% cold-rolled+aged at 500 ‘C for 1 h
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Influence of Different Treatment Processes on Microstructure and
Properties of Cu-Ni-Co-Si Alloy

Peng Lijun'?, Ma Jimiao', Liu Xingyu’, Liu Feng', Huang Guojie’, Hong Songbai', Xie Haofeng’, Liu Dongmei’
(1. Ningbo Xingye Shengtai Group Co., Ltd, Ningbo 315336, China)
(2. State Key Laboratory of Nonferrous Metals and Process, General Research Institute for Nonferrous Metals, Beijing 100088, China)
(3. State Key Laboratory of Biological Metallurgy, General Research Institute for Nonferrous Metals, Beijing 100088, China)

Abstract: The influences of different treatment processes on microstructure and properties of Cu-Ni-Co-Si alloy were studied by scanning
electron microscopy (SEM), transmission electron microscopy (TEM) and high resolution electron microscopy (HRTEM). The results show
that a large number of large-particle (Ni,Co),Si phases with orthorhombic structure and a few fine (Ni,Co),Si phases are found in the
Cu-Ni-Co-Si alloy after the alloy is quenched on-line and aged, which results in low strength of the alloy. The relation curves between
Vickers hardness and aging time exhibit a single peak, while the electrical conductivities firstly increase rapidly, then slowly rise, and
finally trend to be stable as the aging time prolongs, when the Cu-Ni-Co-Si alloy is treated by solution+aging treatment and solution+cold
deformation+aging treatment separately. The optimal thermomechanical treatment process is solution-treatment at 1000 °C for 1 h+cold
rolling by 60%+aging at 500 °C for 2 h. Meanwhile, a lot of disc-shaped (Ni,Co0),Si precipitates with orthorhombic structure are found in
the above condition. The orientation relationship of precipitates with Cu matrix is (ﬁl)p//(ZOO)Cu » (102),//(001), -

Key words: Cu-Ni-Co-Si alloy; solution and aging treatment; microstructure; Vickers hardness; electrical conductivity
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