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Abstract. The effect of T4, T6, T77 and T73 ageing treatments on microstructure and stress 
corrosion cracking of an Al-4.2Zn-1.6Mg alloy was investigated. TEM study revealed that there is no 
η′ phase on the matrix or grain boundary in the T4 sample, and the precipitates on the grain 
boundaries of the T6 sample were small and continuously distributed, while the precipitates of the 
T77 and T73 samples discontinuously distributed on the grain boundary. Stress corrosion cracking 
resistance test in in the 50℃ 3.5% NaCl solution and fractured surface observation revealed that the 
T4 sample have higher tendency of stress corrosion cracking compared with that of the T6 sample, 
while the T77 and T73 samples show good resistance of stress corrosion cracking. It is worth to note 
that the strength of the T77 sample is very close to that of the T6 sample. 

1. Introduction 

Excellent formability and good weldability, make medium strength Al–Zn–Mg alloys extensively 
used in the aerospace and transportation vehicles as structural components [1-2]. Most studies 
revealed that the hardening effect of Al–Zn–Mg–(Cu) alloys could be attributed to the fine and 
uniformly distributed precipitates η' (MgZn2) phase in the matrix which form during artificial ageing 
[3-4]. However, these high strength Al–Zn–Mg–(Cu) alloys are susceptible to stress corrosion 
cracking (SCC) which may causes service failures in the aerospace industry. Although the SCC 
mechanism is not completely understood in these alloys, many efforts have been made to correlate the 
microstructure with the SCC behavior of the alloys. The major microstructural features that affect the 
SCC resistance are grain boundary precipitate, matrix precipitation phase (MPT) and precipitate free 
zone (PFZ).It is well documented that over ageing can be used to improve the SCC susceptibility of 
Al-Zn-Mg-(Cu) alloy in the industrial practice but reduce the strength of alloys by 10-15% compared 
to the peak ageing (T6) temper due to matrix precipitates growth [5]. 

In this paper, the effect of T4, T6 T77 and T73 ageing treatments on microstructure, tensile 
properties and stress corrosion cracking of an Al-4.2Zn-1.6Mg alloy was studied. 

2. Experiment 

The nominal chemical composition of the Al–Zn–Mg (7020) alloy was given in Table 1. The alloy 
was industrially fabricated in Alnan Aluminium Incorparation. A slab with 520mm× 
1620mm×5000mm dimension was cast and homogenized at 470℃ for 24 h, followed by air cooling 
to room temperature. After scalped, the slab was preheated to 410℃ and hot rolled to plate with 
10mm thickness. Solution heat treatment was performed at 470℃ and followed by water quenching. 
The plate was sawed into several pieces and aged with various tempers given in Table 2. 

Table 1 Nominal chemical composition of investigated alloy (mass fraction, %) 
Alloy Zn Mg Mn Cr Zr Al 
7020 4.2 1.6 0.20 0.25 0.10 Balance 
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Table 2 Ageing parameters of investigated alloy 
Temper Ageing treatment 

T4 Natural ageing 

T6 120℃×24h 

T77 120℃×3h+180℃×1h+120℃×24h 

T73 120℃×3h+175℃×10h 

Room temperature tensile test bars with 10mm in diameter and 50 mm in gage length were 
machined according to the standard of ASTM B557-06. A ZWICK testing machine was used for the 
tensile test at a constant crosshead speed of 1 mm/min. The tensile property data for each condition 
was the average from the measurements of four specimens. 

The stress corrosion cracking resistance was evaluated using SSRT according to HB 7235. The 
samples were tested in 50℃ air and 50℃ 3.5wt%NaCl solution with a strain rate of 1×10-6 s-1 on a 
slow strain rate tensile machine. The gauge sections of the SSRT specimens were completely 
immersed in the corrosion solution by sealing with an epoxy resin when tested in NaCl solution. 

The metallographic samples were ground and polished following standard metallographic 
practices. The microstructure was examined in a scanning electron microscope (SEM) type ZEISS 
EVO. The fracture surfaces of the samples after SSRT were observed by SEM. The GB and matrix 
microstructures of the samples were observed by transmission electron microscopy (JEM 2100). 

3. Result and discussion 

The bright field TEM images viewed near [111] Al from samples of various tempers are shown in 
Fig.1. It can be seen in Fig.1 (a) that except some globular dispersoids distribute in the matrix, there is 
no η′phase on the matrix or grain boundary in the T4 sample. EDS analysis revealed that the 
composition of the fine dispersoids close to Al3Zr. In Fig.1 (b) it can be found that the precipitates on 
the grain boundaries of the T6 sample were small and continuously distributed, and high density of 
nanoscale disc-shaped precipitates, about 3–5 nm in diameter, are homogeneously distributed 
throughout the matrix. Fig.1(c) displays the bright field TEM image of sample treated with T77 
temper, it can be seen from the figure that the precipitates discontinuously distributed on the grain 
boundary, while the size of the precipitates in the matrix are similar to that of the precipitates in the 
sample with T6 temper. Fig.1(d) provides the bright field TEM image of sample treated with T73 
temper, it can be seen obviously that the size of the precipitates in the matrix grow remarkably to 
diameter of 8-14nm with the decreased of particle density. 

Tensile property of the samples treated with various temper are shown in table 3. It can be seen 
from table 3 that yield strength of sample treated withT4 temper is low compare with that of the other 
tempers, while its ultimate tensile strength (UTS) is the highest. Tensile strength of the sample treated 
withT77 temper is very close to that of the T6 temper. On the other hand, the tensile strength drops 
remarkably when the sample was over-aged with T73 temper.  

Conductivity and ISSRT factor of the samples treated with various temper are also shown in table 3. 
On contrary to the highest UTS, the T4 sample has the lowest conductivity and highest ISSRT factor. It 
is worth to note that conductivity of the T77 sample is higher than that of the T6 sample, while the 
ISSRT factor is quite low. It can be expected that the over-aged sample with T73 temper has the highest 
conductivity. 

Fig.2 presents the typical tensile fracture surfaces of the T4, T6, T77 and T73 samples tested in the 
50℃ 3.5% NaCl solution. As can be seen from Fig.2 (a) that the fracture surface of the T4 sample was 
dominated by cleavage facet showing the typical brittle fracture, which reveals severe stress 
corrosion cracking. Fig.2 (b) depicts the fracture surface of the T6 sample, some cleavage facet can be 
observed on the edge of the sample. In contrast, the fracture surface of the T77 and T73 samples were 
dominated by small dimples which reveals ductile fracture. 
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Fig.1 Bright field TEM images viewed near [111] Al from 7020 samples with various tempers: 

(a) T4; (b) T6; (c) T77; (d) T73 
(b)  

Table 3 Tensile property, Conductivity and ISSRT factor of 7020 samples with various tempers 
Temper Yield Strength 

(MPa) 
Ultimate 
Tensile 

Strength (MPa) 

Elongation 
(%) 

Conductivity 
(IACS%) 

ISSRT 
(%) 

T4 303 433 13.5 33.7 15 
T6 363 418 19.0 36.5 12 
T77 351 414 19.5 38.2 3 
T73 320 383 20.0 39.3 4 

 

 
Fig.2 Fracture surfaces of 7020 samples with various tempers in 50℃ 3.5% NaCl solution: 

T4; (b) T6; (c) T77; (d) T73 
For the Al–Zn–Mg–(Cu) alloys, the SCC resistance was related to the grain boundary precipitate, 

matrix precipitation phase and precipitate free zone. The mechanism of the SCC in the 
Al–Zn–Mg–Cu alloys was thought to be both anodic dissolution and hydrogen embrittlement [6]. The 

(a) (b) 

(d) (c) 

(a) (b) 

(c) (d) 
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SCC resistance tests evaluated that the T4 and T6 samples had relative higher ISSRT factors, and the 
fracture surfaces of these samples in the 50℃ 3.5% NaCl solution reveal severe stress corrosion 
cracking, these could be ascribed to no η′ phase on the matrix or grain boundary in the T4 sample and 
continuously distribution of the precipitates on the grain boundaries of the T6 sample. On the 
contrary, the ISSRT factor and tendency of stress corrosion cracking gradually decrease in the T73 and 
T77 samples, these could be attributed to the discontinuously distribution of the precipitates on the 
grain boundaries in the T73 and T77 samples. 

4. Summary 

Based on the TEM observations and SCC resistance tests, the following conclusions can be drawn: 
 The T4 and T6 samples show relative higher ISSRT factors, and the fracture surface of these 

samples in the 50℃ 3.5% NaCl solution reveal severe stress corrosion cracking. 
 The tensile property of the T77 sample is close to that of the T6 sample, while the ISSRT factor 

decrease obviously compared with that of the T4 and T6 samples. The precipitates on the grain 
boundaries of the T77 sample were discontinuously distributed. 

 The tensile strength of the over-aged T73 sample drops remarkably, the size of the precipitates in 
the matrix increased obviously compared with that of the T6 and T77 samples. 
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