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Fig.1 Schematic diagram of casting (mm)
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Fig.2 Tensile specimens of 5, 10 and 20 mm wall thickness
castings (a); tensile specimens of 3 mm wall thickness

castings (b)
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Fig.3 XRD patterns of CuSnl0P1 alloy semi-solid extrusion
castings with different wall thicknesses (a) and partial

enlarged view (b)
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Fig.4 SEM images of CuSn10P1 alloy semi-solid extrusion castings with different wall thicknesses: (a) 3 mm, (b) 5 mm, (c) 10 mm,
and (d) 20 mm
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Table 2 EDS results at different positions in Fig.4 for CuSn10P1 alloy semi-solid extrusion castings with different wall thicknesses

Position 1 Position 2 Position 3 Position 4
Thickness/mm  Element

ol% at% wl% at% wl% at% ol% at%

Cu 97.85 98.85 68.85 80.25 85.43 77.49 88.96 93.40

3 Sn 2.15 1.15 31.00 19.40 3.35 1.63 10.79 6.07
P - - 0.15 0.35 11.22 20.88 0.25 0.53

Cu 97.52 98.67 69.72 81.30 86.61 78.63 88.73 92.89

5 Sn 2.48 1.33 30.00 18.09 2.60 1.26 10.77 6.04
P - - 0.28 0.61 10.79 20.10 0.50 1.07

Cu 96.40 98.00 75.28 84.90 86.80 78.63 87.10 91.94

10 Sn 3.60 2.00 24.50 14.57 0.77 0.37 12.42 7.02
P - - 0.22 0.53 12.43 20.10 0.48 1.04

Cu 96.78 98.37 71.96 82.34 85.98 76.43 87.95 92.46

20 Sn 3.03 1.63 27.98 17.53 1.48 0.70 11.57 6.51
P - - 0.06 0.13 12.54 22.87 0.48 1.03

Sn & LW s Sn Sn
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(mass%) (mass%) (mass%) (mass%)
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Fig.5 EPMA images of CuSn10P1 alloy semi-solid extrusion castings with different wall thicknesses: (a) 3 mm, (b) 5 mm, (c) 10 mm,

and (d) 20 mm
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Fig.6 Microstructures of CuSnl10P1 alloy semi-solid extrusion castings with different wall thicknesses: (a~c) 3 mm, (d~f) 5 mm,

(g~i) 10 mm, and (j~I) 20 mm
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Fig.7 Liquid phase ratio distribution of CuSn10P1 semi-solid

extrusion castings with different thicknesses along the

filling direction
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Fig.8 Average particle size and shape factor (a) and normal statistics of average particle size (b) of CuSn10P1 alloy semi-solid extrusion

castings with different wall thicknesses
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Fig.9 Stress-strain curves (a) and tensile strength, elongation (b) of CuSn10P1 alloy semi-solid extrusion castings with different wall

thicknesses
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Fig.10 SEM images of fracture surfaces of CuSn10P1 alloy semi-solid extrusion castings with different wall thicknesses: (a) 3 mm,
(b) 5 mm, (c) 10 mm, and (d) 20 mm
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Effect of Wall Thickness on Microstructure Uniformity and Properties of CuSn10P1
Alloy in Semi-solid Rheological Squeeze Casting

He Zilong™*, Zhou Rongfeng™??, Li Yongkun'??, Liu Tao"®, Xiong Wentao™*, Liu Zhangxing™?, Wang Chunjian®, Xiao Han*
(1. Faculty of Material Science and Engineering, Kunming University of Science and Technology, Kunming 650093, China)
(2. City College, Kunming University of Science and Technology, Kunming 650051, China)
(3. National and Local Joint Engineering Laboratory of Metal Advanced Solidification Forming and Equipment Technology, Kunming 650093, China)
(4. Analysis and Testing Research Center, Kunming University of Science and Technology, Kunming 650093, China)

Abstract: The inhomogeneity of the microstructure affects the comprehensive performance of the parts, and the characteristics of
semi-solid forming can easily cause large differences in the microstructures of different regions of the regions. How to improve the
uniformity of the semi-solid structure is the key to obtaining molded parts with excellent comprehensive performance. In this research, the
wall thickness of four kinds of parts were designed, and the influence of the wall thickness of the parts on the microstructure uniformity
and performance of rheological extrusion parts was studied. Results show that the microstructures of CuSn10P1 alloy semi-solid extrusion
castings with different wall thicknesses are all composed of a-Cu phase, d-Cus1Sni1 phase, f-Cuiz7Sn phase and CusP phase. As the wall
thickness decreases, the solid-liquid two-phase synergistic deformation ability of CuSn10P1 alloy semi-solid slurry becomes worse during
filling. These results in the uneven distribution of the microstructure along the filling direction, and the intergranular structure (a+J+CusP)
gradually show a large-area network or long strip with uneven distribution of clusters. The size of primary a-Cu grains decreases first and
then increases, and the primary a-Cu grains of 10 mm wall thickness castings are the smallest. As the wall thickness decreases, the room
temperature tensile strength and elongation of CuSn10P1 alloy semi-solid extrusion castings both increase first and then decrease. When
the wall thickness is 10 mm, the performance is the best, 445.7 MPa and 37.78%, respectively. This is mainly due to the homog enization of
the structure, the solid solution strengthening effect and the fine grain strengthening effect.

Key words: semi-solid; CuSn10P1 alloy; structure uniformity; performance
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