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§ 1  -.¨©A-.67ª«¬=>?­®­¯°¬ª« 

Fig.1  Schematic of extrusion die (a) and dimensions of extrusion part and tensile sample (b) (unit: mm) 

 

 

 

 

 

 

 

 

 

 

 

§ 2  NOBCD?¯°±²§ 

Fig.2  Schematic diagram of micro-hardness test position 
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Fig.3  Tensile strength and elongation of thixo-extruded 

copper alloy 
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Fig.4  Tensile fracture morphologies of copper alloys: (a) liquid- 

extruded and (b) thixo-extruded 
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Fig.5  Brinell hardness of thixo-extruded copper alloy 
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Fig.6  SEM images of micro-hardness of thixo-extruded copper alloy tested at different positions: (a) solid, (b) solid-liquid interface, 

and (c) liquid 
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Fig.7  Vickers hardness of thixo-extruded copper alloy 
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Table 1  Mechanical properties of ZCuSn10P1 copper alloy 

Process method σ

m

/MPa δ/% Hardness, HBW/µ10 MPa 

Sand casting 220 3 80 

Metal casting 310 2 90 

Centrifugal casting 330 4 90 

Continuous casting 360 6 90 

Liquid-extruding 336 2.6 105 

Thixo-extruding 318~387 2.5~4.2 103~128 
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Fig.8  Microstructures of copper alloys of liquid-extrusion (a); thixo-extrusion at 180 MPa (b), 200 MPa (c), 250 MPa (d), 

300 MPa (e), and 350 MPa (f) 
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Abstract: ZCuSn10P1 copper alloy was formed by a thixo-extrude process. The mechanical properties including tensile strength, 

elongation, Brinell hardness and Vickers hardness were measured by the uniaxial tensile test and hardness test. The fracture morphology 

was observed by scanning electron microscope, and the fracture mode was analyzed. The influence of forming pressure on the mechanical 

properties of thixo-extruded copper alloy was investigated. The results show that as the forming pressure increases, the tensile strength first 

increases and then decreases, while the elongation decreases all the time. The functional relationships between the forming pressure and 

tensile strength and elongation are parabolic and exponential. The tensile fracture mode of thixo-extruded copper alloy is a hybrid fracture 

including intergranular fracture and ductile fracture. The variation of Brinell hardness first increases and then decreases with increasing the 

forming pressure. The Vickers hardness of the liquid is highest, followed by the solid-liquid interface, and the lowest is the solid phase in 

the same process. The microhardness of the solid phase, the solid-liquid interface and the liquid phase increases first and then decreases as 

the forming pressure increases. The mechanical properties of thixo-extruded copper alloy are higher than those of the alloy prepared by 

conventional casting. The optimum process parameters are a forming pressure of 250 MPa and an extrusion rate of 15 mm/s, and the tensile 

strength, elongation and Brinell hardness are 387 MPa, 2.8% and 1280 MPa, respectively. 

Key words: copper alloy; semi-solid; thixo-extrude; mechanical properties 
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