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Table 1  Extrusion process parameters of semi-solid copper  

alloy 

Sample 

Forming specific 

pressure/MPa 

Extrusion rate/mm·s

-1

 

1 180 15 

2 200 15 

3 250 15 

4 250 13 

5 250 11 
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Fig.1  Sampling location of metallography and tensile sample (a)   

and its dimensions (b) 
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Fig.2  Morphology and microstructure of copper alloy extrusion 

parts: (a) liquid forming and (b) semi-solid forming 
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Fig.3  Macro morphology and microstructure of different extrusion parts: (a) diagram of cavity; (b) macro morphology of extrusion parts; 

microstructures of extrusion part from cavity 1 (c), cavity 2 (d), cavity 3 (e), and cavity 4 (f) 
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Fig.4  SEM images of liquid (a) and semi-solid (b) extruded Cu  

alloys 
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Fig.5  Microstructures of semisolid copper alloy at forming specific pressure of 180 MPa (a~d), 200 MPa (e~h), 250 MPa (i~l):  

(a, e, i) location 1, (b, f, j) location 2, (c, g, k) location 3, and (d, h, l) location 4 
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Fig.6  Microstructure of semisolid copper alloy at extrusion rate of 11 mm/s (a~d), 13 mm/s (e~h), 15 mm/s (i~l): 

(a, e, i) location 1, (b, f, j) location 2, (c, g, k) location 3, and (d, h, l) location 4  
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Fig.7  Curves of tensile strength and elongation at different 

forming specific pressures (a) and extrusion rate (b) 

 ��$ó��Ø%¿\òó�,Ç�%ª«¬�Ç

�%­A,¸¹»�� òó�,a 11 mm/sÇ�6

15 mm/sØ%ª«¬�a 368 MPaÇ�6 387 MPa%

®.� 5.16%%­A,a 3.3%»�6 2.8%�����

)�wòó�ÚyMv%òó�,�
�����·

¸t�[]:����ÚyMv%òó��o�%�

�`ÙØ�oK%o7����%����)�·¸

v��pê@����Õ%_g��N��7«IÉ

Ó�t�%DJ·¸ëì6-õ%�ÆDµ¶67Ç

�èòó��Ô%��`ÙØ�-À%��x�Ø�

oÀ%����)�·¸v��[j«�Ø�L$F

c%_g·¸v��yq%áâ���ÕÃ%_g·

¸ëì6-�%_? 6j`�è;<%�C���H�

¥wIÌ��%òó��Ô%��¦§'>+%x�

OY�%ÎÉ·¸êëì6%O;%òó�,-�Ø%

���òó=�µ¶67�� 

? 8 ?ê�eÝR=S����)�òó=«A

Z[�\� ��$ó? 180 MPaNòó�, 15 mm/s

Ø%«AZ[�\_? 8a `���? 8a /0�â%

«AZ[NÖ%Z]ü�«A�$×�%?kÚ�Ø

6Z]� ��$ó? 200 MPaNòó�, 15 mm/s

Ø%«AZ[�\_? 8b `���? 8b /0�â%

«AZ[â��9ÙÚ"Û>NÜ%Û>NÜ�ÙÚ

ÍË�q%;ØZ]�×?ÝÛ>Z]� ��$ó 

 

 

 

 

 

 

 

 

 

 

 

 

 

� 8  ��,¨©F¤��x}ª«P� 

Fig.8  Morphologies of tensile fracture sample 1 (a), 2 (b), 3 (c), 4 (d), and 5 (e) 
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Microstructure and Mechanical Properties of Semi-Solid Squeeze Casting Copper Alloy 
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Abstract: A semi-solid ZCuSn10P1 copper alloy was used as the research object. A four-piece extrusion mold was independently designed. 

The semi-solid squeeze casting experiments were carried out. The effects of forming specific pressure and extrusion rate on microstructure 

and mechanical property of semi-solid ZCuSn10P1 copper alloy squeeze casting parts were investigated. The results show that with the 

specific pressure increases from 180 MPa to 250 MPa, the average diameter of the solid phase of semi-solid copper alloy decreases 

gradually from 89.25 µm to 77.96 µm, and the liquid fraction decreases from 36.7% to 22.3%, tensile strength increases from 318 MPa to 

387 MPa with an increase amplitude of 21.70%, and the elongation decreases from 4.2% to 2.8%. When the extrusion rate increases from 

11 mm /s to 15 mm/s, the roundness of the solid phase is reduced from 1.54 to 1.32, the tensile strength increases from 368 MPa to 387 MPa, 

increased by 5.16%, and the elongation decreases from 3.3% to 2.8%. 

Key words: copper alloy; semi-solid; squeeze casting; microstructure evolution; mechanical properties 
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