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Abstract 
By means of TEM, hardness, conductivity, tensile strength test, fracture 
toughness test, polarization curve and EIS, the Al-Zn-Mg-Cu alloys treated by 
a new multi-stage aging system, i.e. pre-aging, over-aging and re-aging 
(120˚C/24h + 160˚C/8h + 120˚C/24h), were characterized. It is found that 
compared with the Al-Zn-Mg-Cu alloys treated by T76 (120˚C/24h + 
160˚C/8h), the new multi-stage aging treatment can improve the tensile 
strength, fracture toughness, hardness and conductivity of the alloys at the 
same time. This is mainly due to the pre-aging, over-aging and re-aging 
process of super high strength aluminum alloys. Compared with the 
two-stage over aging process, the formation of multi-stage multi-phase preci-
pitation structure can improve the strength, toughness and corrosion resis-
tance of the alloys at the same time. The polarization curve is consistent with 
the conclusion. Therefore, we conducted this study to test how the compre-
hensive properties of the alloy can be improved. 
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1. Introduction 

Super high strength, high toughness and corrosion-resistant aluminum alloy has 
the advantages of low density, high strength and good hot working performance 
[1] [2] [3] [4]. It has been widely used in aerospace industry, vehicles, buildings, 
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bridges, engineering equipment and large pressure vessels [5]-[12] which is the 
main structural material in aerospace industry. At present, the aluminum alloy 
on the aircraft of all countries in the world has accounted for 70% - 80% of the 
weight of structural materials, most of which are ultra-high strength aluminum 
alloy [13]. In recent years, scientists have developed a variety of ultra-high 
strength aluminum alloys with better performance by optimizing alloy composi-
tion design, improving alloy forming and heat treatment process. The sequence 
of precipitation structure of 7000 system aluminum alloy is as follows: supersa-
turated solid solution → continuous GP zone → semi-continuous unstable η 
phase → discontinuous stable η phase [14]-[20]. The alloy obtained by peak ag-
ing (T6: 120˚C/24h) has the highest strength, but it is prone to local corrosion. 
Therefore, in this paper, we consider to optimize the heat treatment conditions 
of the alloy to obtain the alloy which can improve the strength and corrosion re-
sistance of the alloy at the same time. 

2. Experimental 

The alloy material used in this paper is 7055 with thickness of 20 mm. Its com-
position is Zn 8.54%, Mg 2.41%, Cu 1.5%, and the rest is aluminum. The sample 
is first dissolved at 480˚C 30 min and then quenched, and then treated by dif-
ferent aging methods, as shown in Figure 1. A long time aging treatment will 
make the η' phase of the sample change into η phase, which is difficult to be dis-
solved in the process of re-aging. The intermediate aging time is 8h. The full text 
is based on the aging state of T76. 

Tensile test is to test the smooth sample with css-44100 tester at room tem-
perature. Transmission electron microscopy (TEM, jeol 2100-f) was used to ob-
serve the microstructure of large angle grain boundary in the precipitated phase 
of grain boundary. 

EXCO is carried out according to the standard EXCO test method. The elec-
trochemical behavior of the sample was carried out by polarization curve in 
25˚C and EXCO solution. 

Electrochemical test is carried out in the electrochemical work station Chi 
660C. The electrochemical system consists of three parts: saturated calomel elec-
trode as reference electrode, platinum electrode as auxiliary electrode and alloy 
as working electrode. The polarization curve was carried out at the scanning  
 

 
Figure 1. Different aging systems of 7055 alloy. 
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speed of 10 mV/s. 

3. Results and Discussions 
3.1. Effect of Pre-Aging, Over-Aging and Re-Aging on  

Microstructure 

Figure 2 shows the microstructure of the aging state of T76 and the aging state 
of T76 + T6 of 7055 alloy. Compared with the T76 aging state, the size of the 
template particles in the T76 + T6 aging state is the same, but its particle size is 
smaller than that of T76. However, compared with T76 + T6 aging, the grain 
boundary precipitation of the samples obtained by T76 + T6 aging is coarser and 
rarer, and the fine GP region is precipitated in the grains, forming multi-stage 
multi-phase precipitation structure. Figure 3 is the TEM diagram of samples 
obtained by different aging systems. It can be seen from the figure that at 
1/3{220} and 2/3{220} parallel to {111} direction, the awn line is obviously 
stronger than that at two-stage aging, which shows that there is a new GP region 
formed after re-aging on the basis of slight two-stage over aging T76; the spot 
diffraction intensity of η' phase at 1/3{220} and 2/3{220} after new three-stage 
aging is also higher than that of T76, which shows that the volume fraction of η' 
phase is increasing Add. Therefore, the strength of the alloy increases, which can 
be reflected in the hardness. 

3.2. Effect of Pre-Aging, Over-Aging and Re-Aging on Hardness  
and Conductivity 

Table 1 shows the comparison of hardness and conductivity of different effective  
 

 
Figure 2. Changes of microstructure of samples obtained by different aging systems. 
 

 
Figure 3. TEM of samples obtained by different aging systems. (a) T76 aging state; (b) 
T76 + T6 state. 
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Table 1. Comparison of hardness and conductivity of alloy treated by different aging sys-
tems. 

Component Hardness Conductivity 

Al-8.54Zn-2.41Mg-1.5Cu 
T76 T76 + T6 T76 T76 + T6 

182 193 18.1 18.7 

 
states. The changes of hardness and conductivity correspond to the changes of 
microstructure. It can be seen from Table 1 that the hardness and conductivity 
of T76 + T6 samples are higher than that of T76 aging samples. 

3.3. Effect of Pre-Aging, Over-Aging and Re-Aging on Mechanical  
Properties 

Table 2 shows the comparison results of tensile strength, yield strength and 
fracture toughness of 7055 alloy after different effective treatment. It can be seen 
from the table that the tensile strength, yield strength and fracture toughness of 
the sample obtained by the pre-aging, over-aging and re-aging system are im-
proved to a certain extent compared with the T76 aging state. 

3.4. Effect of Pre-Aging, Over-Aging and Re-Aging on Exfoliation  
Corrosion Behavior 

Figure 4 shows the exfoliation corrosion of 7055 alloy in different effective 
states. EXCO corrosion resistance can be used to classify EXCO corrosion rate: 
ED (severe exfoliation) > EC > EB > EA~p (very small initial slight exfoliation). 
The left figure in Figure 4 shows the exfoliation corrosion diagram of T76 sam-
ple. It can be seen from the figure that a small amount of surface structure has 
been removed and only small particles have been observed. The peeling corro-
sion strength can be classified as EB. In contrast, only a few metal particles are 
separated from the corrosion surface of T76 + T6 samples, and the peeling cor-
rosion strength can be classified as EA. Therefore, it can be concluded that the 
order of peel corrosion resistance is T76 + T6 better than T76. 

3.5. Effect of Pre-Aging, Over-Aging and Re-Aging on  
Intergranular Corrosion 

Figure 5 is the intergranular corrosion diagram of the alloy treated by two aging 
systems. It can be seen from the diagram that the corrosion depth of T76 + T6 
state is shallower than that of T76 state, indicating that the new aging state T76 + 
T6 state can better improve the intergranular corrosion resistance of the sample 
compared with the two-stage aging state T76. 

3.6. Effect of Pre-Aging, Over-Aging and Re-Aging on  
Electrochemical Corrosion 

Figure 6 shows the electrochemical polarization curves of the samples treated by 
two aging systems. As shown in the figure, the electrode potential (about—0.72)  
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Table 2. Comparison of tensile strength, yield strength and fracture toughness of alloy 
under different aging systems. 

Component Tensile strength/MPa Yield strength/MPa 
Fracture  

toughness/MPa*m1/2 

Al-8.54Zn-2.41Mg-1.5Cu 
T76 T76 + T6 T76 T76 + T6 T76 T76 + T6 

697.5 713.4 684.1 696.8 37.2 38.4 

 

 
Figure 4. Comparison of exfoliation corrosion of alloy treated by two aging systems. On 
the left is the exfoliation corrosion diagram of T76 sample, on the right is the exfoliation 
corrosion diagram of T76 + re-aging sample. 
 

 
Figure 5. Comparison of intergranular corrosion of alloy treated by two aging systems. 
 
of the T76 + re-aging sample after the polarization curve test is higher than that 
of the T76 sample after the polarization curve test (about—0.77). 

It can be seen from the above data, compared with the double stage aging 
(T76), the re-aging stage in the pre-aging over-aging and re-aging system narrow 
or even disappear the non-precipitated phase band at the grain boundary when 
the alloy returns, which improves the strength of the grain boundary; at the 
same time, the crystal still maintains and obtains a more dispersive structure 
state and higher precipitation strengthening effect. The dispersed precipitated 
structure can strengthen the matrix, restrain coplanar slip and fracture. 

Because exfoliation corrosion (EC) is developed from intergranular corrosion, 
EC is related to the precipitates at grain boundaries. If the coarser and rarer the 
precipitates are, the lower the efficiency of intergranular corrosion will be, so  
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Figure 6. Comparison of polarization curves of alloy treated by two aging systems. 

 
that the alloy has higher EC resistance. Moreover, the high content of Cu in the 
precipitated phase will increase the electrode potential of the precipitated phase, 
thus reducing the current between the precipitated phase and the alloy matrix, 
which can effectively improve the corrosion resistance of the alloy. Therefore, 
the precipitates on the grain boundary are larger, rarer and more Cu content can 
be obtained by pre-aging, over-aging and re-aging, which can significantly im-
prove the exfoliation corrosion resistance of the samples compared with the 
two-stage aging T76.  

It can be seen from the corrosion voltage of the alloy samples that the voltage 
of the pre-aging, over-aging and re-aging-samples is significantly higher than 
that of the double aging stage (T76) samples, which shows that the EC resistance 
of the pre-aging, over-aging and re-aging samples can be effectively improved 
compared with that of the double aging stage (T76) samples. 

4. Conclusions 

1) Compared with the two-stage aging (T76), the pre-aging, over-aging and 
re-aging process can improve the strength and corrosion resistance of the alloy 
at the same time. 

2) The resistance to exfoliation is attributed to the coarseness and dispersion 
of the precipitates at the grain boundary. The coarser the alloy is, the better the 
resistance to exfoliation is, and vice versa. At the same time, the erosion resis-
tance is also increased by the increase of Cu content in the precipitates. 

3) The new aging state (T76 + T6) can improve the intergranular corrosion 
resistance of the alloy better than the double aging state (T76). 

4) The results of electrochemical polarization curves are consistent with those 
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of exfoliation and intergranular corrosion resistance. 
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