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Abstract: The effects of homogenization heating rate on the microstructure and mechanical properties of 7N01 aluminum 

alloy were investigated by optical microscopy (OM), scanning electron microcopy (SEM), electron probe microanalyzer 

(EPMA), transmission electron microcopy (TEM) and tensile test. The results show that using a slow homogenization 

heating rate less than 100 /h is favorable for the precipitation of fine and uniformly distributed Al3Zr particles 

compared with fast homogenization heating rate. The dispersion distribution of fine Al3Zr particles can decrease the 

recrystallized fraction since the Al3Zr particles can effectively prevent the migration of recrystallization grain boundary. 

When the homogenization heating rate decreases from 500 /h to 20 /h, the average dispersoid number increases, the 

particle size decreases, and the ratio of volume fraction (�) to radius (r) of the precipitate (�/r) increases from 75.8 �m�1 

to 359.1 �m�1, which improves the dragging effect of Al3Zr particles on the grain boundaries and leads to a reduction in 

the recrystallized fraction from 31.92% to 1.32%. Meanwhile, the unrecrystallized microstructures containing profuse 

dislocations enhance the comprehensive mechanical properties of the studied alloy. 
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1  7N01  

Table 1  Chemical composition of investigated 7N01 

aluminum alloy (mass fraction, %) 

Zn Mg Cu Mn Cr Ti Zr Si Fe Al

4.33 1.29 0.13 0.34 0.23 0.09 0.20 0.05 0.15 Bal.

 
2  7N01  

Table 2  Homogenization parameters of 7N01 aluminum alloy 

ingots 

Homogenization 

treatment 

Heating rate/ 

( ·h�1) 

Holding time at 

470 /h 

H1 20 24 

H2 50 24 

H3 100 24 

H4 500 24 
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1  SEM  

Fig. 1  Optical analysis microstructure (a) and SEM image (b) 

of as-cast alloy 

 
3  1(b) A  

Table 3  EDX analysis results of second phase particles at 

point A in Fig. 1(b) (mole fraction, %) 

Al Fe Mn Si Zn Mg 

87.15 6.73 2.05 1.46 1.15 1.45 
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Fig. 2  EPMA line scan image (a) and analysis (b) of as-cast 

alloy 
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3  7N01 TEM  

Fig. 3  Bright field TEM images of 7N01 aluminum alloy ingot under different homogenization conditions: (a) 20 /h; (b) 50   

h; (c) 100 /h; (d) 500 /h 

 
4  Al3Zr  

Table 4  Statistic distribution of Al3Zr particles under different homogenization conditions 

Homogenization 

treatment 

Heating rate/ 

( ·h�1) 

Number density/ 

�m�2 

Mean radius/ 

nm 
Area fraction/% (�·r�1)/�m�1 

H1 20 154.1 11.5 4.13 359.1 

H2 50 60.2 14.6 4.06 278.1 

H3 100 19.4 17.2 1.71 99.4 

H4 500 10.3 25.6 1.94 75.8 

 
 

 
4  Al3Zr �/r  

Fig. 4  Effect of homogenization heating rate on mean radius 

and �/r of Al3Zr dispersoids 
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5  7N01  

Fig. 5  Optical micrographs of 7N01 aluminum alloy after aging treatment and different homogenization treatments: (a) 20 /h; (b) 

50 /h; (c) 100 /h; (d) 500 /h 
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5  7N01  

Table 5  Measured area fraction of recrystallized grains of 

7N01 aluminum alloy under different homogenization 

conditions 

Homogenization 

Treatment 

Heating rate/ 

( ·h�1) 

Recrystallized 

fraction/% 

H1 20 1.32 

H2 50 5.74 

H3 100 12.35 

H4 500 31.92 

 

 
6  7N01  

Fig. 6  Tensile properties of 7N01 aluminum alloy under 

different homogenization conditions at room temperature 
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