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Fig.1 As-cast microstructures and hot rolling microstructures of Cu-Ni-Si alloy: (a) Alloy 1, casting; (b) Alloy 2, casting; (c) Alloy

1, hot rolling; (d) Alloy 2, hot rolling
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Fig. 2 Microstructures and distribution of grain orientation after hot rolling: (a) Alloy 1, microstructure showing grain orientation;

(b) Alloy 2, microstructure showing grain orientation; (c) Alloy 1, boundary distribution; (d) Alloy 2, boundary distribution
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Table 1 Properties of as-cast and hot rolling of Cu-Ni-Si

alloy
As-cast Hot-rolling
Alloy
Conductivity/ Hardness, Conductivity/ Hardness,
%IACS HV %IACS HV
1 36.2 96 35.0 72
2 34.2 180 23.7 161
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Fig.3 Metallographs of Cu-3.2Ni-0.75Si alloy under different solid solution conditions
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Fig. 4 Changes of main properties for Cu-3.2Ni-0.75Si alloy

under different solid solution conditions
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Fig. 5 Distribution of grain orientation of Cu-3.2Ni-0.75Si alloy by 900 C, 1 h solution treatment
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Fig. 6 Schematic diagram of effect of large-angle grain boundary and twin grain boundary on electron: (a) Large angle grain

boundary; (b) Twin boundary
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Fig. 8 TEM images of cold rolled 60%(a) and 80%(b) after (450 ‘C, 3 h) aging
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Evolution of structure and property for
Cu-Ni-Si alloy based on hot-rolling process

CAO Guang-ming, WANG Zhi-guo, LI Cheng-gang, JIA Fei, ZHANG Yuan-xiang

(State Key Laboratory of Rolling and Automation, Northeastern University, Shenyang 110819, China)

Abstract: Using SEM, TEM, OM and microhardness tester, the evolution of microstructure, grain orientation, size and
precipitated phase of Cu-Ni-Si alloys in hot-rolling process during casting, hot rolling, solid solution, cold rolling and
aging were studied. Meanwhile, the effect of microstructure and process state on properties were analyzed. The results
show that the key to influence the degree of dendrite segregation and recrystallization is alloy composition. After hot
rolling, the preferential orientation of the grain is obvious, and some recrystallization will occur. Meantime, due to the
degree of lattice distortion increase, the conductivity decreases obviously. With the increase of solution temperature and
the prolongation of time, the tensile strength, microhardness and conductivity of Cu-3.2Ni-0.75Si alloy decrease. The best
solution effect is achieved at 900 ‘C, 1 h, while the >3 grain boundary reaches 35.2% and the large angle grain
boundary reaches 64.4%, and the grain orientation is uniform. After cold rolling, the grains are torn, elongated, and the
matrix produces a large number of defects, which provide the core for aging precipitation. The larger for rolling reduction,
the stronger the precipitation force, and the finer the precipitated phase, of course, the better the comprehensive
performance. The alloy has the best aging effect at 450 “C, 3 h, with hardness of 259HYV, and electrical conductivity of
36.5% IACS.

Key words: Cu-Ni-Si alloy; hot rolling; recrystallization; precipitating force; microhardness; electrical conductivity
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