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Table 1  Heat treatment process parameters of tin bronze 

Sample 1 2 3 4 5 

Temperature/q 250 350 450 550 650 

Time/min 120 
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Fig.1  Sampling location (a) and tensile sample dimensions (b) 
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Fig.2  Tensile strength and elongation of tin bronze at different 

heat treatment temperatures 
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Fig.3  Tensile fracture morphologies of tin bronze at different heat treatment temperatures: (a) 250 q, (b) 350 q, (c) 450 q,  

(d) 550 q, and (e) 650 q 
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Fig.4  Brinell hardness of tin bronze at different heat treatment  

temperatures 
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Fig.5  Vickers hardness of tin bronze at different heat  

treatment temperatures 
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Fig.6  Microstructures of tin bronze at different heat treatment temperatures: (a) 0 q, (b) 250 q, (c) 350 q, (d) 450 q, (e) 550 q, 

and (f) 650 q  
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Fig.7  EDS scanning maps of Cu (a), Sn (b), P (c), SEM image (d) and elements line scanning (e) of tin bronze before heat treatment 
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Fig.8  EDS scanning maps of Cu (a), Sn (b), P (c), SEM image (d) and elements line scanning map (e) of tin bronze after heat treatment 
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Table 2  Element contents of Cu, Sn, P for the samples before 

and after heat treatment in Fig.7 and 8 (%) 

Before heat treatment  After heat treatment 

Position 

1 2 3  1 2 3 

Cu 74.82 91.32 80.54  80.96 83.76 63.61 

Sn 21.96 8.29 13.84  17.21 13.58 22.82 

P 3.22 0.39 5.62  1.83 2.66 13.54 
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Effect of Heat Treatment Temperature on Microstructure and Mechanical Properties of 

Semi-solid Extruded Tin Bronze 
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Abstract: With the semi-solid extruded ZCuSn10P1 tin bronze as the research object, the effects of heat treatment temperature on 

microstructure and mechanical properties of semi-solid extruded tin bronze were investigated by using optical microscopy, scanning 

electron microscopy, microhardness test, Brinell hardness test and tensile test machine. The results indicate that the heat treatment has a 

great effect on the strength, hardness and microstructure of semi-solid extruded tin bronze. With the heat treatment temperature increasing 

from 250 °C to 650 °C, the tensile strength of tin bronze increases first and then decreases, the elongation increases, and the Brinell 

hardness increases first and then decreases. The Vickers hardness of the solid zone and solid-liquid interface increases; however, the liquid 

zone decreases. The average grain of solid phase increases in size, while it is not spherical but rose-like with the temperature of 650 °C. 

With the increase in temperature, the element contents of Sn and P in the solid phase increase, and element segregation weakens. The 

comprehensive mechanical properties of tin bronze at heat treatment temperature 350 °C for 120 min are fine. Meantime, the tensile 

strength is 402 MPa, the elongation is 4.5%, the Brinell hardness is 1360 Mpa; compared with the values before heat treatment, they are 

increased by 3.88%, 60.71%, and 6.25%, respectively. 
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