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Table 1  Chemical composition of the experimental alloy 

(ω/%) 

Element Mg Si Mn Ti Al 

Content 4.93 1.96 0.61 0.14 Bal. 
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� 1  ������� DSC	
� XRD�� 

Fig.1   DSC curve (a) and XRD pattern (b) of the experimental 

alloy 
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� 2  ���������������� ! SEM"#  

Fig.2  SEM images of the die-casting experimental alloys with the injecting pressure of 0 MPa (a), 9 MPa (b), 11 MPa (c), and 15 MPa (d), 

respectively 
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Fig.3  XRD patterns of the die-casting alloys with the different 

injecting pressures isothermally heat-treated at 610 '(
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� 4  0 MPa�����)����$ 610 '*+��,&-�./�01 ! 

Fig.4  OM images of the casting experimental alloy with the injecting pressure of 0 MPa isothermally heat-treated at 610 ' for the  

holding time of 0 min (a), 5 min (b), 10 min (c), 20 min (d), 30 min (e), and 60 min (f) 
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� 5  9 MPa����������$ 610 '*+��,&-�./�01 ! 

Fig.5  OM images of the die-casting experimental alloy with the injecting pressure of 9 MPa isothermally heat-treated at 610 ' for the 

holding time of 0 min (a), 5 min (b), 10 min (c), 20 min (d), 30 min (e), and 60 min (f)  
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� 6  11 MPa����������$ 610 '*+��,&-�./�01 !  

Fig.6  OM images of the die-casting experimental alloy with the injecting pressure of 11 MPa isothermally heat-treated at 610 ' for the 

holding time of 0 min (a), 5 min (b), 10 min (c), 20 min (d), 30 min (e), and 60 min (f) 
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� 7  15 MPa����������$ 610 '*+��,&-�./�01 !  

Fig.7  OM images of the die-casting experimental alloy with the injecting pressure of 15 MPa isothermally heat-treated at 610 ' for the 

holding time of 0 min (a), 5 min (b), 10 min (c), 20 min (d), 30 min (e), and 60 min (f)
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Fig.8  Variation of α-Al average grain size with the holding time 

for the die-casting alloys with the different injecting pres-
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Fig.11  OM images of the die-casting alloy with the injecting pressure of 15 MPa isothermally heat-treated for 20 min at the isothermal 

temperature of 610 '((a), 620 '((b), and 630 '((c)�
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Semi-solid Isothermal Heat Treatment Microstructure Evolution of Die-casting 
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Abstract: Semi-solid isothermal heat treatment microstructural evolution of die cast Al-5Mg-2Si-Mn alloy with different injecting pres-

sures was studied. The average α-Al grain size of as-cast die casting experimental alloys was smaller than that of gravity casting, and it 

decreased while microstructure distortion energy increased with the increase of the injecting pressure. It was found that semi-solid micro-

structural evolution process of die-cast alloy was similar to, but faster than that of gravity casting. The results from regression analysis 

show that the relationship between the average α-Al grain diameter and the isothermal holding time fits the formula 

3 3

0

r K t r= +

, and 

the coarsening rate (K) is decreased with the increase of the injecting pressure. For the fixed injecting pressure, the average α-Al grain size 

of the experimental alloy increased while the K decreased with the increase of the isothermal holding temperature. For the fixed isothermal 

holding time, the solid fraction and α-Al grain coarsening rate of die-casting alloy were lower than those of gravity. The appropriate 

semi-solid isothermal heat treatment parameters of the die casting experimental alloy were determined to be 620 °C for 20 min. 

Key words: die casting; gravity casting; semi-solid forming; semi-solid isothermal heat treatment microstructure evolution 
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