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Fig.1 Microstructures of the Cu-1.34Ni-1.02C0-0.61Si alloy after cold rolling reduction of 30% with the cryogenic treatment for
different time: (a) 0 h, (b) 6 h, (c) 24 h, and (d) 48 h
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B2 &AL G 30%E T &4 4L Cu-1.34Ni-1.02C0-0.61Si
EE&H TEM B3

Fig.2 TEM morphologies of the Cu-1.34Ni-1.02C0-0.61Si alloy
after cold rolling reduction of 30% without (a) and with (b)

the deep cryogenic treatment for 48 h
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Fig.3 XRD patterns of the Cu-1.34Ni-1.02C0-0.61Si alloy after
cold rolling reduction of 30% without and with the deep

cryogenic treatment for 48 h
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Fig.4 EDS component analysis of the precipitate particles for the high angle annular dark field Z-contrast image of Fig.2b: (a) a selected

area of Fig.2b; (b) distribution of all elements in the selected area; EDS spectra of Ax (c), Bx (d), and Cx (e) marked in Fig.4a
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Table 1 Composition analysis of particles Ax, Bx and Cx marked in Fig.4a

Particle Ax Particle Bx Particle Cx
Element
wl% at% wl% at% wl% at%
Cu 5.324 39 4.294 79 44,013 22 39.731 35 86.084 200 82.795 503
Ni 37.266 66 34.423 80 14.146 26 13.852 24 6.467 784 6.735 002
Si 8.144 81 15.728 77 5.023 18 10.364 35 2.410 135 5.244 821
Co 49.264 14 45.552 64 36.817 34 36.052 06 5.037 878 5.224 674

K5 WA EEIRNERE Z 4 REAR & 2b 35 X8 2 B BT AR 1 X B T AT AE A
Fig.5 Selected area electron diffraction (SAED) patterns of the precipitate particles for the high angle annular dark field Z-contrast
image of Fig.2b: (a) Ax, (b) Bx, and (c) Cx
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Fig.6 Tensile strength curves of the Cu-1.34Ni-1.02C0-0.61Si
alloy before and after cold rolling reduction of 30% with
the cryogenic treatment in liquid nitrogen for 0, 6, 12, 24,
36 and 48 h
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Fig.7 Elongation curves of the Cu-1.34Ni-1.02C0-0.61Si alloy

before and after cold rolling reduction of 30% with the

cryogenic treatment in liquid nitrogen for 0, 6, 12, 24, 36
and 48 h
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Fig.8 Fracture surface SEM morphologies of the Cu-1.34Ni-
1.02C0-0.61Si alloy after cold rolling reduction of 30%
without (a) and with (b) deep cryogenic treatment for 48 h
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Fig.9 Conductivity curves of the Cu-1.34Ni-1.02C0-0.61Si alloy
before and after cold rolling reduction of 30% with the

cryogenic treatment in liquid nitrogen for 0, 6, 12, 24, 36
and 48 h
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Influence of Deep Cryogenic Treatments on Microstructure and Properties of Cold
Rolled Cu-Based Alloy

Liu Keming®, Sheng Xiaochun', Li Xiaolong?, Jin Ying®, Li Mulin®, Shen zhi', Fu Kai', Zhou Haitao*

(1. Jiangxi Key Laboratory for Precision Actuation and Control, Nanchang Institute of Technology, Nanchang 330099, China)
(2. Engineering Technology Research Center, Zhongye Changtian International Engineering Co., Ltd, Changsha 410205, China)
(3. Institute of Applied Physics, Jiangxi Academy of Sciences, Nanchang 330096, China)

(4. School of Materials Science and Engineering, Central South University, Changsha 410083, China)

Abstract: The influence of deep cryogenic treatments (DCT) on the microstructure and properties of a cold rolled Cu-1.34Ni-
1.02Co0-0.61Si alloy was investigated using scanning electron microscopy (SEM), transmission electron microscopy (TEM), X-ray
diffractometer (XRD), mechanical testing machine and low resistance tester. The DCT can refine and homogenize the microstructure of the
alloy after cold rolling reduction of 30%. The grain refinement of the alloy becomes more obvious and the microstructure distribution
becomes more uniform with increasing DCT time. The DCT promotes the precipitation of the solid solution elements Ni, Co and Si from
the Cu matrix to form many fine and evenly distributed 0.1~1 pm spherical and strip second phase particles in the grain and grain
boundary. The tensile strength, conductivity and elongation of the alloy before and after cold rolling reduction of 30% increase with
increasing DCT time, and tend to be stable at about 36 h. After DCT for 48 h, the tensile strength, conductivity and elongation of the alloy
before and after cold rolling increase by 5.4% and 4.4%, 6.7% and 8.0%, 13.2% and 18.7%, respectively. The tensile strength of the alloy
after cold rolling is higher than that before cold rolling. The conductivity and elongation of the alloy after cold rolling are lower than those
before cold rolling. However, the both differences decrease with increasing DCT time. The dimple quantity and depth of the alloy with
DCT are larger, and the dimple distribution is more uniform than that without DCT.

Key words: copper alloy; cold rolling; deep cryogenic treatment; microstructure; properties
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