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Abstract: The evolution of the microstructure and phases of the direct chill semicontinuous casting ingot of 7B04 super-high 
strength aluminum alloy during homogenization treatment was studied with metallographic analysis, scanning electron 
microscopy(SEM), energy spectroscopy and differential scanning calorimetry(DSC). The results show that a considerable amount of 
non-equilibrium eutectics containing Al, Zn, Cu and Mg exist in the direct chill semicontinuous casting ingot of 7B04 super-high 
strength aluminum alloy, and their melting point is 478 ℃. During homogenization treatment at 470 ℃, these eutectics dissolve into 
the matrix partly, coarsen and also transform into Al2CuMg phase whose equilibrium melting point is 490 ℃ in the alloy. Moreover, 
the homogenization treatment at 470  for 72 h result℃ s in the disappearance of the non-equilibrium eutectics though Al2CuMg phase 
can not dissolve completely.  
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1 Introduction  
 

7B04 alloy, one of the Al-Zn-Mg-Cu series of high 
strength aluminum alloys, is widely used as light 
structural material in the aerospace industry[1−3]. 
Interdendritic segregation during direct chill 
semicontinuous casting is a serious problem that causes 
the formation of a considerable amount of 
non-equilibrium eutectics because of the complexity and 
the high content of elements of the alloy. Hence[4−5], 
homogenization treatment has to be performed after 
casting[6−8] to dissolve the solvable phase and to reduce 
the amount of residual constituents in the matrix, so that 
the plasticity and the fatigue fracture resistance[3−7] of 
the alloy can be increased, and the potential of alloy 
strengthened during aging treatment is enhanced. 
Homogenization treatment of the alloy, therefore, is a 
crucial process to ensure the processing properties and 
the service performances of the alloy. The 
homogenization temperature of the alloy is normally 
lower than 470 ℃[9−11] because of the low melting 
point of the unfavorable eutectics formed during casting. 
References[12−13], however, indicated that such 

eutectics in Al-6.3Zn-2.3Mg-1.7Cu-0.12Zr alloy 
transform into products of higher melting point. So the 
transformation speed and solvability of the new products 
during homogenization at 470  ℃ are of critical 
importance for designing an effective homogenization 
treatment of the semi-continuous cast ingots of 
Al-Zn-Mg-Cu series of aluminum alloys. In the present 
work, the overheating temperature and the microstructural 
transformation of 7B04 direct chill semicontinuous 
casting ingots during homogenization were 
systematically studied to facilitate the development of an 
optimal homogenization process. 
 
2 Experimental 
 

The ingot used in the present work was formed by 
direct chill semicontinuous casting after melting in 
electric furnace, and the dimension of its cross section 
was 440 mm×1 600 mm. The chemical composition of 
the alloy is listed in Table 1. Specimens were taken in the 
size of 15 mm×15 mm×25 mm from the half position 
between the surface and the center of the ingot. 
Specimens were prepared after homogenization for DSC, 
metallographic analysis, SEM and energy spectroscopy. 
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Table 1 Chemical composition of alloy (mass fraction, %)  
Zn Mg Cu Si Fe 

6.13 2.65 1.61 0.07 0.2 

Mn Cr Ni Ti Al 
0.27 0.13 ＜0.05 ＜0.05 Balance

 
Homogenization was performed at 470 ℃ for 4, 8, 

12, 24, 48, 72 and 96 h in a furnace with air circulation. 
The microstructural characteristics were carried on the 
OLYMPUS GX71 Metallographic Microscope, SSX-550 
Scanning Electron Microscope equipped with DX-4 
Energy Spectroscope, and DSC131 Differential Scanning 
Calorimeter. 
 
3 Results and discussion 
 
3.1 Metallographic structure of as-cast and 

homogenized alloy 
The as-cast microstructures of the ingot and that 

after homogenization at 470 ℃ for 72 h are shown in  
Fig.1. It can be seen from Fig.1(a) that, a considerable 
amount of constituents are presented in the alloy and 
there are two types of them, dark and light gray. Light 
gray constituents are finer eutectics, while dark ones are 
coarse constituents that are like irregular blocks or 
slightly similar to eutectics. Fig.1(b) shows that, the dark 
gray constituents in the microstructure of the as-cast 
alloy are not affected, as indicated by arrow 1, while the 
light ones disappear after homogenization at 470 ℃ for 
 

 

Fig.1 Microstructures of ingot: (a) As-cast; (b) Homogenized at 
470 ℃for 72 h (without etching) 

72 h, which means that the light gray eutectics are non- 
equilibrium constituents formed during semi- continuous 
casting, and hence can be dissolved into the matrix. 
Furthermore, homogenization at 470 ℃ for 72 h also 
results in some coarse constituents that are slightly 
lighter than the dark gray ones, as shown in Fig.1(b) 
indicated by arrow 3. 
 
3.2 DSC investigation of as-cast and homogenized 

alloy 
The DSC curves of the as-cast ingots and the 

specimens after homogenization at 470 ℃ for different 
time are shown in Fig.2. For the curve 1 in Fig.2, a 
relatively big endothermic peak (peak 1) can be observed 
when the sample is heated to 478 ℃ and the enthalpy 
associated with it is 17.07 J/g, indicating the noticeable 
presence of constituents that melt at 478 ℃ and 
over-burning will be resulted if the ingots are quickly 
heated to 478 ℃ after casting[14]. Hence, the 
conventional homogenization temperature of the semi- 
continuous cast ingots of the alloy is below 470 ℃ to 
avoid over-burning of them. For the curve 2 in Fig.2, the 
endothermic peak at 478 ℃ becomes smaller after the 
sample is homogenized at 470 ℃ for 8 h, but a new 
endothermic peak at 490 ℃ (peak 2) is observed, which 
means that the majority of constituents melt at 478 ℃ 
disappear after homogenization at 470 ℃ for 8 h and 
some new constituents melted at 490 ℃ are resulted. 
With prolonging time of homogenization treatment of the 
ingot, the constituents melted at 470 ℃ gradually 
decrease until they disappear, and the amount of those 
melted at 490 ℃ becomes smaller too, as shown in the 
curves 2, 3 and 4 of Fig.2.  

Table 2 lists the enthalpies of the peaks 1 and 2 in 
different curves of DSC analysis of the specimens of as- 
cast alloy and those homogenized for different time in 
Fig.2. For the specimen of as-cast alloy, the enthalpy of 
peak 1 almost decreases to zero after homogenization 
 

 
Fig.2 DSC curves of specimens of as-cast alloy and those 
homogenized at 470 ℃ for 8, 24 and 72 h 
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Table 2 Parameters obtained from DSC analysis of alloy 
homogenized at 470 ℃ for different time (J/g) 

Homogenization time/h  
Peak As-cast 

4 8 12 24 48 72 96

Peak 1 17.07 2.48 0.93 0.44 0.06 0.02 0 0 

Peak 2 0 0.50 0.96 1.07 0.74 0.34 0.22 0.22

 
at 470 ℃ for up to 24 h, which is resulted from the 
disappearance of the constituents that melt at     
478 ℃. After homogenization at 470 ℃ for 4 h, however, 
constituents with melting point of 490 ℃ appear with a 
enthalpy of 0.50 J/g and reach their maximum amount at 
12 h followed by gradual decrease of amount of these 
constituents until up to 72 h when their amount stops 
dropping, which means that some of them exist in a 
equilibrium state during homogenization at 470 ℃ and 
can not be eliminated at this temperature. 

   

The SEM backscattered images of the specimen of 
as-cast alloy and those homogenized at 470 ℃ for 
different time are shown in Fig.3. From Fig.3(a), it can 
be seen that the bright white constituents and dark gray 
ones are the major two types of constituents in the 
microstructure of the specimen of as-cast alloy. The 
bright white ones are eutectics (test point signified by 
arrow 1), and the results of EDS analysis, shown in 

Fig.4(a) and Table 3 (point 1), prove that they contain Al, 
Zn, Mg and Cu, similar to the result of MONDAL and 
MUKHOPADHYAY[15]. These bight white eutectics are 
also resulted from the non-equilibrium solidification 
during semi-continuous casting, corresponding to those 
light gray ones in Fig.1(a). The dark gray constituents in 
Fig.3(a) correspond to dark gray ones in Fig.1(a). Energy 
spectroscopy analysis shows that the dark gray 
constituents in Fig.3(a) containing Fe and Mn can be 
classified into two types, one of which is the even darker 
ones that also have Cr and Si. The results of energy 
spectroscopy analysis supporting this are shown in 
Fig.4(a) and Table 3 (points 2 and 3). Moreover, these Fe 
and Mn contained constituents are not affected by 
homogenization at 470 ℃, as shown in Fig.1(b). 

 
3.3 SEM investigation of as-cast and homogenized 

alloy 

After homogenization treatment at 470 ℃ for 8 h, 
the non-equilibrium solidified eutectic in the 
microstructure of the as-cast alloy also transforms into 
 
Table 3 EDS analysis of constituent phases in Figs.3(a) and (b) 
(mole fraction, %) 

Phase Al Zn Mg Cu Fe Mn Cr Si 

1 47.77 19.95 21.65 10.63 0 0 0 0 

2 78.65 0 0 1.68 8.19 4.17 2.61 4.70

3 73.04 0 1.76 3.91 18.71 2.58 0 0 

4 58.05 0 21.30 20.64 0 0 0 0 

5 26.67 20.51 32.41 20.41 0 0 0 0  
 

 
Fig.3 SEM backscattered images showing microstructures of as-cast alloy (a) and those homogenized at 470  for℃  8 h (b), 24 h (c) 
and 72 h (d) 



LI Nian-kui, et al/Trans. Nonferrous Met. Soc. China 18(2008) 772 

 

 
Fig.4 EDS analysis of constituent phases of arrows 1(a), 3(b), 4(c) and 5(d) in Fig.3 
 
some new constituents that are slightly darker than the 
bright white ones while they shrink on certain 
dimensions and hence become larger, as shown in 
Fig.3(b). And it can be concluded from the results of 
energy spectroscopy analysis in Fig.4 and the data of the 
test point in Fig.3 that they are Al2CuMg, signified by 
arrow 4. Thus, the new endothermic peaks at 490 ℃ on 
the DSC curves of the specimens homogenized at 470 ℃ 
are resulted from Al2CuMg phase whose equilibrium 
melting point in this alloy is 490 ℃. The bright white 
phases in Fig.3(b) contain Al, Zn, Mg and Cu, which 
come from the coursing of the non-equilibrium eutectics. 
The phases signified by arrows 4 and 5 in Fig.3(c) are 
the same as that signified by arrows 4 and 5 in Fig.3(b). 
The phase signified by arrow 3 in Fig.3(d) is the same as 
those signified by arrow 3 in Fig.3(a). The phases 
signified by arrow 4 in Fig.3(d) are the same as those 
signified by arrow 4 in Fig.3(b). 

It is obvious from Table 2 that homogenization 
treatment of the as-cast ingots of the alloy at 470 ℃ for 
72 h eliminates the endothermic peak at 478 ℃ in DSC 
analysis, which indicates the complete disappearance of 
the non-equilibrium solidified eutectics that melt at 478 
℃. Although Al2CuMg phase gradually dissolves into 

the matrix and decreases in amount after homogenization 
at 470 ℃ for over 12 h, they do not dissolve thoroughly. 
Its enthalpy of the endothermic peaks on the DSC curves 
is identically 0.22 J/g for all the specimens homogenized 
for over 72 h, which means the amount of the Al2CuMg 
phase stabilizes, as shown by arrow 4 in Fig.3(d), and 
proves that some of the Al2CuMg phase can not be 
dissolved during homogenization at 470 ℃ and thus 
exists in equilibrium state in this alloy. 
 
4 Conclusions 
 

1) A considerable amount of non-equilibrium 
solidified eutectics containing Al, Zn, Mg and Cu exist in 
the as-cast microstructure of the 7B04 ingots from direct 
chill semicontinuous casting, and their melting point is 
478 ℃, which is supposed to be the upper limit of the 
starting temperature of homogenization after casting of 
the alloy. 

2) During homogenization treatment at 470 ℃, the 
non-equilibrium solidified eutectics in 7B04 super-high 
strength aluminum alloy, dissolve into the matrix, 
coarsen and also transform into Al2CuMg phase that 
melts at 490 ℃ in this alloy. 
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3) The non-equilibrium solidified eutectics in the 
alloy decrease dramatically during the initial 8 h of 
homogenization treatment at 470 ℃ and transform into 
Al2CuMg phase. The amount of this phase starts to drop 
from 12 h until it levels up at 72 h when all the 
non-equilibrium eutectics are fully dissolved, leaving 
behind the non-solvable Al2CuMg phase. 
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