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The effect of one-step aging temper on the mechanical properties, electrical conductivity and the mi-
crostructure of a novel Al-7.5Zn-1.6Mg-1.4Cu-0.12Zr alloy has been investigated. The results indicated 
that with elevating the aging temperature from 100℃ to 160℃, the aging response rate was greatly 
accelerated, and the UTS at peak aging condition decreased, while the corresponding TYS increased. 
However, the electrical conductivity of the alloy became higher. After aging for 24 h at 120℃, the peak 
UTS and TYS values were achieved as 591 MPa and 541 MPa, respectively; but the alloy achieved a 
lower conductivity, 20.4 MS/m. When T6 temper was performed at 140℃ for 14 h, the UTS decreased 
only by 1% of the former, whereas the TYS and the electrical conductivity increased obviously, which 
were up to 559 MPa and 22.6 MS/m, respectively. The major strengthening precipitates of the peak-aged 
alloy were GP zones and η′ phase. The precipitates in both the matrix and the grain boundary became 
coarser with rising aging temperature. There were obvious PFZs along the grain boundary both in T6 
conditions aged at 140℃ and 160℃. 

Al-Zn-Mg-Cu alloy, one-step aging, properties, microstructure 

1  Introduction 

Al-Zn-Mg-(Cu) (7xxx series) alloys have been widely 
used in the aerospace industry, due to their desirable 
specific mechanical properties[1,2]. The Cu-rich 7xxx 
series alloys include the highest strength of ingot metal-
lurgy Al alloys currently in use in commercial aircrafts: 
AA7050, AA7150, AA7X49 and AA7055, which gener-
ally have a problem to satisfy the need for thicker com-
ponents due to high quench sensitivity[3]. However, the 
new generation aircrafts use thicker components than 
ever because of their large size and today’s complex re-
quirements of weight effective performance, durability, 
damage tolerance, reliability, manufacturability and 
maintainability. To meet the stringent property require-
ments at the center of the thick sections, some novel 
alloys―such as AA7040, AA7140 and AA7085―have 
been recently developed for this application. Particularly, 
AA7085 has even lower quench sensitivity and a much 

higher strength-toughness combination, which has been 
used for wing spar and rib structures on the new Airbus 
A380[3―7]. To pursue the alloy development and achieve 
optimized performance, a novel Al-7.5Zn-1.6Mg-1.4Cu- 
0.12Zr alloy with modifications in solute content and in 
particular in Zn/Mg/Cu ratios has been investigated in 
the present work. 

Al-Zn-Mg-Cu alloys are typical aging precipitation 
strengthening alloys. The usual precipitation sequence of 
them can be summarized as[8―11]: Solid solution →GP 
zones →η′→η (MgZn2). Metastable η′, instead of stable 
η, is believed to be responsible for peak hardening of 
these alloys. GP zones and η′ phase often form during 
the early stages of precipitation. The η′ phase is a  
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metastable hexagonal phase, semi-coherent with the 
aluminum matrix. Recently, two types of GP zones, GPI 
and GPII, have been proposed to form in artificially 
aged 7xxx series Al alloys. Generally, either GPI or GPII 
zones can form as precursors of the metastable η′ 
phase[8]. The strong age-strengthening response in 7xxx 
series alloys is in most cases associated with fine-scale 
precipitation of the metastable η′ phase and its precur-
sors[8,10]. Proper control of the precipitation, especially 
of the size and density of these precipitates, is therefore 
crucial in order to obtain optimum microstructure and 
properties of the alloys. Different aging temperatures 
have different effects on them. T6 temper can obtain the 
peak hardness and tensile strength, with high stress cor-
rosion cracking (SCC) susceptivity, which is usually 
carried out at 120℃[12,13]. In the present work, the ef-
fects of one step aging on the properties and micro-
structure have been investigated in detail. 

2  Experimental procedures 

The compositions of the experimental alloy was 7.55 
wt% Zn, 1.58 wt% Mg, 1.39 wt% Cu, 0.12 wt% Zr, 0.02 

wt% Fe, 0.01 wt% Si and balance Al. After casting, the 
alloy were homogenized and then hot extruded into 25 
mm thick plate. Specimens were solution heat treated at 
475℃ for 50 min and then water quenched to RT. For 
the one step aging regimes, the samples were aged at 
100℃, 120℃, 140℃ and 160℃ for time up to 88 h, 
respectively. The mechanical properties and electrical 
conductivity (MS/m) were measured for selected condi-
tions. 

Specimens for TEM were thinned by electropolishing 
using a twin-jet polisher with a 25% nitric acid solution 
in methanol at −30℃ and 15—20 V. The specimens 
were examined in selected area electron diffractioin 
(SAED) and bright field (BF) imaging modes in a JEOL 
2010FX microscope, operating at 200 kV. 

3  Results and discussion 
3.1  Mechanical properties and electrical conductivity 

Figure 1 shows the influence of aging treatment on the 
mechanical properties and electrical conductivity of the 
alloy. From Figures 1(a) and (b), it can be found that the 
ultimate tensile strength (UTS) and tensile yield strength  

 
Figure 1  Aging characteristics of the alloy at elevated temperatures: (a) The UTS, (b) TYS, (c) elongation, (d) electrical conductivity. 
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(TYS) of the alloy increase remarkably before the 
peak-aged condition is achieved. The UTS and TYS ex-
hibit a faster changed reaction rate at higher aging tem-
perature. The aging time to achieve the peak UTS value 
is 36 h, 24 h, 14 h and 4 h at 100℃, 120℃, 140℃ and 
160℃, respectively. With elevating the aging tempera-
ture the peak UTS decreases, while the corresponding 
TYS increases. After the peak aging stage, the UTS val-
ues of the alloy aged at 100℃ and 120℃ keep little 
change for a relative long time, while the TYS values of 
them still increase. Figure 1(c) illustrates the ductility 
decreases rapidly over the time in the early aging period, 
and recovery of ductility in the overaged condition is not 
appreciable until severe reduction in strength is encoun-
tered. For an optimum compromise for high strength and 
operating economy, aging at 120℃ for 20—24 h should 
be used for obtaining T6 properties. As a matter of con-
venience, the mechanical properties and electrical con-
ductivity of the alloy under T6 temper condition are 
shown in Table 1. 

It is known that the electrical conductivity serves as an 
indicator of SCC resistance, which has been found to 
increase with increasing electrical conductivity in 
Al-Zn-Mg-Cu alloys[14]. From Figure 1(d), it can be seen 
that the electrical conductivity of the alloy aged at 100℃ 
remained relatively constant over time; and the electrical 
conductivity increased rapidly at higher temperatures, 
indicating that the aging temperature had a dominant role 
for increasing the conductivity. Loss of coherency and 
coarsening of precipitates as well as discontinuous and 
growing grain boundary precipitates will lead to an in-
crease in conductivity. This resulted from the reduction 
in electron scattering because of the decreasing degree of 
distortion in the matrix. The increase of the electrical 
conductivity varied with the aging temperature. By ele-
vating the aging temperature up to 120℃, the electrical 
conductivity of the alloy appreciably increased. After 
aging for 24 h at 120℃, the alloy only achieved a lower 
conductivity, 20.4 MS/m. And the alloy aged at 140℃ 
for 14 h could achieve a higher conductivity which was  

up to 22.6 MS/m; furthermore, its UTS only decreased 
about 7 MPa. Considering the conductivity, T6 temper 
should be determined as 140℃ for 14 h.  

3.2  Microstructure 

Figure 2 shows TEM images of precipitates and the 
SAED patterns of samples in T6 temper. It can be seen 
that the precipitates in both the matrix and the grain 
boundary became coarser with rising aging temperature, 
while the precipitation free zone (PFZ) was present. And 
most of the precipitates appeared round in the image, 
and others appeared elongated. After aging for 36 h at 
100℃, dark round precipitates with a diameter of 1―2 
nm were observed in BF images, as shown in Figures 
2(a), (b). Spherical Al3Zr dispersoids could also be ob-
served (as indicated by the arrow). The grain boundary 
precipitates were continuous and narrow without the 
PFZ. With increasing the aging temperature to 120℃, 
the precipitates grew obviously, their size was about 3―
6 nm. The grain boundary precipitates became thick, as 
shown in Figures 2(d), (e). The precipitates grew quickly 
at 140℃ and 160℃. After aging for 14 h at 140℃, the 
size of the precipitates was about 7―10 nm, and the 
grain boundary precipitates became coarser, semi- con-
tinuous and a PFZ of about 10nm width was present, as 
shown in Figures 2(g), (h). After aging for 4 h at 160℃, 
the size of the precipitates was even up to 8―15 nm, 
and the grain boundary precipitates became coarser, 
semi-continuous and the width of the PFZ increased ob-
viously, which was up to 50 nm approximately. 

From the SAED patterns in Al<112> projection of 
samples, as shown in Figures 2(c), (f), (i) and (l), the 
presence of sharp diffraction spots at {110} positions 
could be noted, which were associated with spherical 
Al3Zr dispersoids. Diffuse spots near 1/2 {311} associ-
ated with the GPII zones were clearly observed; the dif-
fraction features of the η ′ phases were also clearly ob-
served, such as some diffraction spots and stronger 
streaks along {111} direction at 1/3 and 2/3 of the {220} 
positions. Both GPII zones and η′ were therefore present  

 
Table 1  Mechanical properties and electrical conductivity of the alloy under T6 temper condition 

Aging temper UTS (MPa) TYS (MPa) Elongation (%) Electrical conductivity (MS/m) 
100℃/36 h 602 538 15.4 19.9 
120℃/24 h 591 541 16.5 20.4 
140℃/14 h 584 559 16.1 22.6 
160℃/4 h 580 561 15.0 22.8 
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Figure 2  TEM images of precipitates and SAED patterns of samples in T6 temper: (a), (b), (c) 100℃/36 h; (d), (e), (f) 120℃/24 h; (g), (h), (i) 140℃/14 
h; (j), (k), (l) 160℃/4 h. 

 
in T6 condition, indicating that the strengthening 
mechanism of the peak-aged alloy was GP zones and η′ 
phase strengthening in combination. The difference was 
not significant for the four kinds of T6 treatments men-
tioned above. After aging for 36 h at 100℃, diffraction 
spots and streak from η′ were weaker as compared with 
other T6 temper treatment. And after aging for 4 h at 
160℃, diffraction spots from GPII zones were weaker 
as compared with other T6 temper treatment. 

Figure 3 shows HREM images taken in the Al- pro-
jection [110] of the alloy aged for 24 h at 120℃. Con-
trast features in the [110]Al projection, as shown in Fig-
ure 3(a), were identified as GPII zones, which appeared 
as thin objects parallel to {111} planes, about 2―3 
atom layers thick, 3―7 nm wide. The GPII zones were 
coherent with the Al matrix, since there was no indica-
tion of misfit. And some larger particles about 8 nm 
wide and approximately 10 atom layers thick were  
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Figure 3  HREM images in [110] projection of the alloy aged for 24 h at 
120℃. 

 
found, as shown in Figure 3(b), with some resemblance 
to the works by Li and Berg[8,9]. According to their 
theoretical model and experimental results, the η′ phase 
could be identified. This suggested the coexistence of 
two types of precipitates in the peak-aged alloy, which 
plays an important role in the age-hardening process. 

4  Conclusions 

1) The precipitation as well as the mechanical proper-
ties and the electrical conductivity were strongly influ-
enced by the aging process. With elevating the aging 
temperature of 100℃ to 160℃, the aging response rate 
was greatly accelerated, and the UTS at peak aging con-
dition decreased, while the corresponding TYS in-
creased. However, the electrical conductivity of the alloy 
became higher. 

2) After aging for 24 h at 120℃, the peak UTS and 
TYS values achieved 591 MPa and 541 MPa, respec-
tively; but the alloy achieved a lower conductivity, 20.4 
MS/m. When T6 temper was performed at 140℃ for 14 
h, the UTS decreased only by 1% of the former, whereas 
the TYS and the electrical conductivity increased obvi-
ously, which was up to 559 MPa and 22.6 MS/m, re-
spectively. 

3) The major strengthening precipitates of the peak- 

aged alloy are GP zones and η′ phase. The precipitates 
in both the matrix and the grain boundary become 
coarser with rising aging temperature. There are obvious  

PFZs along the grain boundary both in T6 conditions 
aged at 140℃ and 160℃. 

The authors are grateful to Professors LIU AnSheng, SHAO BeiLing, and 
DU ZhiWei for the TEM work. 
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