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Fig.1 Metallography of cast structure of alloys: (a) Cu-5.2Ni-
1.2Si and (b) Cu-5.2Ni-1.2Si-1.5Al
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Fig.2 Element distribution of cast structure of Cu-5.2Ni-1.2Si
alloy: (a) Ni, (b) Si, and (c) Cu
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Fig.3 Element distribution maps of cast structure of
Cu-5.2Ni-1.2Si-1.5Al alloy: (a) Ni, (b) Si, (c) Al, and
(d) Cu
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Fig.4 Microstructure of hot-rolled alloy: (a) Cu-5.2Ni-1.2Si and
(b) Cu-5.2Ni-1.2Si-1.5Al
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Fig.5  Microstructures of solution treated alloys: (a) Cu-
5.2Ni-1.2Si and (b) Cu-5.2Ni-1.2Si-1.5Al
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Fig.6 Curves of hardness (a) and conductivity (b) with aging
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Fig.7 TEM image of Cu-5.2Ni-1.2Si alloy aged at 450 ‘C for

different time: (a) bright-field micrograph of alloy aged
for 30 min, (b) SADP in Fig.7a, (c) bright-field
micrograph of alloy aged for 2 h, and (d) SADP in Fig.7c
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Fig.8 TEM images of Cu-5.2Ni-1.2Si-1.5Al alloy aged at 450 C
for 2 h: (a) bright-field micrograph and (b) SADP in Fig.8a
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Microstructure and Properties of Superhigh Strength Cu-Ni-(Al)-Si Alloy

Li Sanhua' 2, Li Zhou" 2, Lei Qian', Wang Mingpu®, Shen Leinuo®, Pan Zhiyong®, Liu Huiqun?
(1. Central South University, Changsha 410083, China)
(2. Key Laboratory of Nonferrous Metal Materials Science and Engineering, Ministry of Education, Changsha 410083, China)

Abstract: Microstructure and properties of the Cu-5.2Ni-1.2Si and Cu-5.2Ni-1.5Al-1.2Si alloy were studied by optical microscope,
Vickers hardness tester, two-arm electricity bridge, scanning electron microscope and transmission electron microscope. Results show that
the developed dendrite appears in the casting ingot, which can be divided into dendrite area, non-equilibrium precipitates and the middle
transition region. The dendrite area is rich in Cu element, the precipitates are rich in Ni and Si elements, and the Al element is distributed
in the ingot evenly. After the appropriate thermo-mechanical treatment, the hardness of Cu-5.2Ni-1.5Al-1.2Si alloy is higher than that of
Cu-5.2Ni-1.2Si alloy, and Ni,Si precipitates contribute to the main strength. Al element promotes the Ni,Si precipitation process. A new
phase of NisAl is formed, which also improves the strength of the alloy effectively. Ordering transformation appears in the early state of
ageing treatment, and the high strength is attributed to the precipitation particles. The designed alloy exhibits good anti-over aged
capability.
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