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Table 1 Cold rolling deformation and isothermal treatment

process parameters

No. Deformation/% Temperature/’C  Time/min
1 10 900 20
2 20 900 20
3 30 900 20
4 40 900 20
5 30 880 20
6 30 920 20
7 30 900 15
8 30 900 25
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Fig.3 Microstructures of different positions of the semi-solid CuSn10P1 copper alloy bushing forming part by forward and reverse

extrusion (30%/900 °C/30 min)
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Fig.4 Structure characteristics of different positions of the forward and reverse extrusion bushing forming part: (a) average grain size,

(b) shape factor, and (c) liquid phase ratio
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Fig.5 Schematic diagram of solid-liquid flow evolution of semi-solid reverse extrusion copper alloy bushing
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Fig.6 Microstructures of different positions of semi-solid copper alloy bushing forming part under different cold rolling deformations
(900 °C/20 min)
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Fig.7 Relationship between semi-solid copper alloy microstructure and cold rolling deformations: (a) average grain size, (b) shape factor, and

(c) liquid phase ratio
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Fig.8 Microstructures of different positions of semi-solid copper alloy at different isothermal temperatures (300%/20 min)
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Fig.9 Relationship between microstructure characteristics of semi-solid copper alloy and isothermal temperature: (a) average grain size,

(b) shape factor, and (c) liquid phase ratio
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Fig.11 Microstructures of different positions of semi-solid copper alloy bushings at 900 °C for different isothermal time
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Fig.13 Effects of cold rolling isothermal treatment process conditions on the tensile strength and elongation of copper alloys: (a) cold rolling

deformation, (b) isothermal temperature, and (c) isothermal time
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Microstructure Evolution and Mechanical Properties of Semi-Solid Thixotropic Reverse
Extrusion Tin Bronze

Zhang Xiongchao, Chen Lei, Xiao Han, Zhou Yuhang, Chen Hao, Duan Zhike

(Faculty of Materials Science and Engineering, Kunming University of Science and Technology, Kunming 650093, China)

Abstract: In this paper, CuSn10P1 copper alloy was formed by semi-solid thixotropic reverse extrusion. The effects of cold rolling deformation,
isothermal temperature and isothermal time on microstructure evolution and mechanical properties of CuSn10P1 copper alloy were studied. The
results show that the liquid phase segregation phenomenon in semi-solid copper alloy can be effectively improved by thixotropic reverse
extrusion, and the cold rolling deformation and isothermal treatment process have a great influence on the microstructure and mechanical
properties of semi-solid thixotropic reverse extrusion tin bronze. With the increase of cold rolling deformation, the average grain size decreases
first and then increases, and the tensile strength increases first and then decreases. With the increase of isothermal temperature and the extension
of isothermal time, the grain size increases gradually, and the tensile strength of the formed parts increases first and then decreases. Under the
conditions of cold rolling deformation of 30%, isothermal temperature of 900 <C and isothermal time of 20 min, the microstructure and
properties of CuSn10P1 copper alloy formed by semi-solid thixotropic reverse extrusion are better and all parts are uniform. The tensile strength
of the formed parts is 407 MPa, and the elongation is 7.6%.

Key words: copper alloy; semi-solid; thixotropic reverse extrusion; microstructure evolution; mechanical properties
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