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A novel heat-treatment procedure combining the shot-peening with a two-step aging operation was
proposed to improve both the strength and the stress corrosion cracking (SCC) resistance of the
high-strength 7075 aluminium alloy. The heat treatment included one shot-peening stage before or between
the two stages of aging at 120 �C for 24 h and at 160 �C for 1 h, respectively. The mechanical properties
obtained during the aforementioned operations were extremely similar to those of the T6 sample owing to
the unaffected bulk microstructure over such a low over-aging period. The SCC resistance of these samples
was considerably improved compared to that of the T6 sample and of the conventional shot-peened T6
sample due to the over-aging of the surface like the T7 treatment leading from the diffusion acceleration by
the dislocations generated in the surface layer during shot-peening. In spite of the further depth of
deformation caused by shot-peening prior to the first step of aging, the sample shot-peened after the
first step of aging showed no significant decrease in the SCC resistance because of its higher generated
dislocation by shot-peening.

Keywords aerospace, aluminum, corrosion testing, heat treating,
surface engineering

1. Introduction

The 7000-series aluminum alloys are widely used in
aerospace industries due to their high strength and low density
(Ref 1). The high strength of the 7000-series alloys is due to the
fine and uniformly distributed precipitates which precipitate
during the artificial aging in the matrix. The usual precipitation
sequence of the 7000-series Al alloys can be summarized as
(Ref 2):

Solid solution fi GP zone fi metastable �g fi stable g
(MgZn2)

The other structures along the transformation path are not so
well known. For the peak aged (T6) 7000-series aluminium
alloys, the �g phase is the main precipitate; however, for the
over-aged temper (T79) the g phase is the main precipitate
(Ref 3, 4). The stress corrosion cracking (SCC) resistance
which reduces significantly after T6 heat treatment is of
practical importance to the industrial applications of the 7000-
series aluminium alloys. Many efforts have been made to
correlate the heat treatment and the resultant microstructure
with the SCC behavior of the alloys. The major microstructural

features affecting the SCC resistance are the grain boundary
precipitates (GBP). The SCC resistance can be improved by
increasing both the size and the inter-particle distance of the
GBP (Ref 5-7). It is known that the resistance of SCC can be
improved to a great extent by over-aging, namely the T79
temper. Unfortunately, as compared with the T6 temper, the
strength is reduced by 10 to 15 pct (Ref 8, 9). To satisfy the
strength requirements for engineering applications, the size of
the alloy parts must be enlarged. Therefore, it is essential to
increase both the strength and the SCC resistance simulta-
neously in order to achieve more economical aircraft designs.

Therefore, extensive research efforts have been made to
enhance both the strength and the SCC resistance of the 7000-
series alloys. Cina (Ref 10) firstly proposed a heat treatment
known as retrogression and reaging (RRA) on 7075 alloy to
achieve that aim. The RRA included annealing of T6 sample at
180-240 �C for 5-2400 s (i.e., retrogression), which was
followed by reaging using conditions similar to those used
for the original T6 aging. After the RRA heat treatment, the
precipitates on the grain boundaries of the alloys became
coarse, whereas those within the grains were still fine. Thus, the
SCC susceptibility of the alloys was reduced while the strength
was kept similar to that obtained in conventional T6 sample.
This treatment was only applicable for thin sections due to the
short period of heating at retrogression. Ou et al. (Ref 4, 11)
proposed a step-quench and aging (SQA) treatment for 7000-
series alloys, in which the sample was quenched to a
temperature of 200-220 �C from the solution-treatment tem-
perature and was kept for 10-30 s, then was quenched to the
room temperature and finally the quenched sample was aged to
the T6 temper. This treatment improved the SCC resistance
substantially due to the increased size and inter-particle
distance of the GBP, while the strength of the sample was
similar to that achieved in the T6 sample. Some of these
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treatments were studied in more detail and also were compared
by Lin et al. (Ref 6). Huang et al. (Ref 12) and Song and Chen
(Ref 13) proposed high-temperature pre-precipitating which
cause grain boundary precipitate to enlarge and become
discontinuous. However, these treatments were not suitable
for the high quench sensitive 7000-series alloys such as
Al-7075. Also, some other research was concentrated on
obtaining bulk material with both high strength and low SCC
susceptibility while just few ones have been attended to the
surface treatments of these alloys despite the fact that the
surface of the alloy has more severe responsibility in SCC
initiation. However, the research was generally limited to
explore different coatings or conventional shot-peening to
avoid surface microcracks (Ref 14-16). In one case, it was
reported that pre-immersion in an alkaline 3.5% NaCl for 240 h
can be a contributor for enhancement in SCC resistance. This
was attributed to the presence of copper oxide in the corrosion
products (Ref 17).

A pre-strain is usually applied to the 7000-series alloys in
the as-quenched state to relieve the quench-induced internal
stress (Ref 18). It is well known that the dislocations generated
in the pre-strain process can provide efficient sites for
heterogeneous direct nucleation of the g precipitates and they
are also fast diffusion paths for the precipitation elements in the
aging process and can significantly influence the sequence of
precipitation (Ref 19, 20).

Mechanical surface treatments such as shot-peening and
ball-burnishing in addition to generating residual compressive
stresses, which increases the resistance to fatigue crack
nucleation (Ref 21, 22), can also induce a great amount of
plastic deformation within the surface layer (Ref 23).

In this research, we have attempted to over-age simply the
surface of Al-7075 alloy by grouping shot-peening as an
effective mechanical surface treatment operation and age
hardening in order to obtain a combination of both a high-
strength bulk and a high-SCC-resistant surface.

2. Material and Procedures

The raw material used in this investigation was aluminum
alloy (7075-T0), delivered in the form of a 6 mm thick plate of
the chemical analysis illustrated in Table 1.

The samples were solution-treated at 470 �C for 2 h in a salt
bath furnace and then were quenched into water at room
temperature. Different treatment procedures as listed in Table 2
were performed after quenching. In addition to the traditional
T6 and T73 treatments, a novel heat-treatment procedure which
combined shot-peening and two-step aging signified as surface
over aging (SOA) was proposed. SOA1 and SOA2 samples
referred to the samples shot-peened before and between two
steps of aging, respectively. As a comparison, a T6 heat-treated
sample was subjected to conventional shot-peening with the
same Almen intensity signified as T6SP. Shot-peening was

done after sectioning the samples from the original sheet and
preparing mini coupons for tensile test, in the unstressed
condition using a gravity induction system with S280 cast steel
shots. Peening was done at full cover-age to 0.30 mm A Almen
intensity. In order to eliminate the induced distortion of the
coupons after peening, the coupons were rolled with a roller
gap equal to the original thickness of the coupons (0%
reduction in area).

Dog-bone-shaped tensile samples with a gauge length of
25 mm and a gauge width of 6 mm and the as-finished
thickness of the samples were machined with their axes parallel
to rolling direction according to ASTM B557M specifications.
The Vickers microhardness test was employed to determine the
depth of penetration of the plastic deformation. The tensile
properties were tested at a strain rate of 29 10�3 s�1 by using
an Instron 8802 testing machine.

SCC resistance of the 7075 samples was evaluated using the
slow strain rate test (SSRT) in the air and in a 3.5% NaCl
aqueous solution with the gauge length of the samples being
completely immersed during the test. Dog-bone-shaped sam-
ples with a gauge length of 10 mm, a width of 3 mm and a
thickness of 2 mm were prepared from the plates with the
tensile axes perpendicular to the rolling direction. Tensile tests
were conducted at room temperature with a strain rate of
29 10�6 s�1 by using an Instron 5848 testing machine.

The fracture surfaces of the samples were observed by the
scanning electron microscopy (SEM). The dislocation density
was calculated from the grain size and microstrain obtained
from XRD peak broadening (Ref 24, 25). XRD measurements
were carried out on a Bruker, D8 advance x-ray diffractometer
operated at 1.8 kW and equipped with a Cu target. h-2h scans
from 2h = 10 to 100� were performed to record the XRD
pattern. The precipitates in the samples were analyzed by
transmission electron microscopy (TEM). A HITACHI
H90000-NA TEM with a high-resolution objective, which
was operated under 360 kV, was used for this study. Thin foils
for TEM were prepared by twin jet-polishing in 30% HNO3,
70% ethanol solution cooled to �35 �C with liquid nitrogen at
19 V. Differential scanning calorimetry (DSC) experiments
were performed on TAQ 1000. The heating rate was
10 K min�1.

3. Results and Discussion

Figure 1 illustrates the tensile properties of the 7075
samples with various treatments. Both the yield strength (YS)

Table 1 The chemical compositions of 7075 Al alloy,
wt.%

Zn Mg Cu Fe Si Mn Cr Ti Al

5.72 2.53 1.6 0.49 0.41 0.31 0.21 0.19 Balance

Table 2 Heat-treatment procedures used for 7075 Al
alloy in this study

Temper Heat treatment

T6 470 �C/2 h + water quench + 120 �C/24 h
T6SP 470 �C/2 h + water quench + 120 �C/24 h

+ shot peening
T73 470 �C/2 h + water quench + 120 �C/24 h

+ 160 �C/18 h
SOA1 470 �C/2 h + water quench + shot peening

+ 120 �C/24 h + 160 �C/1 h
SOA2 470 �C/2 h + water quench + 120 �C/24 h

+ shot peening + 160 �C/1 h
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and ultimate tensile strength (UTS) of the T6 sample were
higher than those of the T73 one. Similar results have been
reported before (Ref 8). The T6SP sample exhibited higher
UTS and El compared to the T6 sample due to the avoidance of
the effect of the surface defects on premature failure. The
mechanical properties of the two SOA samples were nearly
the same as those of the T6 one. However, the strength of the
SOA1 sample was slightly lower than that of the SOA2 sample;
it was still higher than that of the T73 sample. It can be seen
that by the SOA procedure, the mechanical properties expected
of the T6 treatment can also be obtained to a considerable
extent.

Table 3 shows the SSRT results of the differently treated
samples in the air and in the 3.5% NaCl solution at a strain rate
of 29 10�6 s�1. Since these samples were tested perpendicular
to the rolling direction at a lower strain rate, the UTS values of
the samples tested in the air were slightly lower than those
shown in Fig. 1. The UTS values of the samples tested in the
3.5% NaCl solution were similar to those tested in the air.
However, the elongations in the 3.5% NaCl solution were lower
than those in the air. In this study, we used an index Esol/Eair to
evaluate the SCC resistance, which is the ratio of the
elongations of the samples tested in the 3.5% NaCl solution
and in the air (shown in Table 3). The greater the Esol/Eair value
is, the higher the SCC resistance is. The Esol/Eair value of 1
implies that the material exhibits no SCC susceptibility. The
lowest Esol/Eair value observed in the T6 sample indicates that
the T6 sample had the lowest SCC resistance among these
samples. Similar results were also reported in the other 7000-
aluminum alloys (Ref 26). The Esol/Eair of the T6SP sample, as

expected, was higher than that of the T6 sample owing to its
surface compressive residual stress induced by shot-peening. In
the SOA samples, the Esol/Eair was much closer to that of the
T73 sample, implying that in comparison with the conventional
shot-peened T6 sample, the SOA samples were more compa-
rable to the T73 sample in terms of SCC resistance, indicating
that the SOA procedure can improve the SCC resistance of the
alloy more effectively. Nonetheless, the SCC susceptibility of
the SOA1 sample was slightly lower than that of the SOA2
sample.

Figure 2 presents the typical tensile fracture surfaces of the
T6, T73, SOA1 and SOA2 samples tested in the aqueous
chloride solutions. The fracture surface of the T6 sample was
dominated by the intergranular fracture with severe corrosion,
showing a great deal of the brittle fracture and SCC attack
(Fig. 2a). In contrast, intergranular microvoid coalescences
were found in the T73 sample (Fig. 2b). This is attributed to the
preferential deformation of the precipitate-free zone around the
grain boundary area (Ref 25). Furthermore, a number of large
dimples and cleavage facets were also observed on the fracture
surface of this sample. The bulk of both the SOA samples
(Fig. 2c, e) shows the same fracture surface as that of the T6
sample, representing that the bulk of the sample was not
influenced by the SOA procedure.

In the fractography image of the surface of the SOA
samples, the dimples nearly disappeared and the fracture
surface was characterized by the intergranular microvoid
coalescences and cleavage facets which were very similar to
that in the T73 sample (Fig. 2d, f). The predominance of the
intergranular fracture suggested that the grain boundaries were
the preferential paths for the SCC.

Figure 3 shows the grain boundary precipitates in the 7075
samples with various treatments. Regarding the SOA samples,
the TEM images of the surface and the bulk are shown
individually. The precipitates on the grain boundaries of the T6
sample were small and distributed continuously (Fig. 3a) but in
the T73 sample the grain boundaries were decorated with the
coarse and discontinuously distributed particles (Fig. 3b). This
is similar to the previous reports (Ref 5, 11). The grain
precipitates and grain boundary precipitates in the bulk of the
SOA1 and SOA2 samples (Fig. 3c, e) were extremely similar to
those of the T6 sample (Fig. 3a), confirming that the micro-
structure of the bulk was unaffected during the SOA operation.
The quantitative similarity of the yield strength and UTS of the
SOA samples to the T6 ones is due to the fact that the bulk
strength of a sample represents the total strength of the sample,
regardless of the surface strength.

On the other hand, the surface grains in the SOA1 and
SOA2 samples (Fig. 3d, f) were filled with the high density of
dislocations, created during shot-peening. The existence of
more precipitates on the dislocation and their surroundings
indicated that the precipitates were preferentially formed on
dislocation networks as heterogeneous sites rather than dislo-
cation-free zones. Moreover, the grain boundary precipitates of
the surfaces of the SOA samples were considerably larger than
those in the T6 sample (Fig. 3a) and their inter-particle distance
was also larger than that in the T6 sample. This configuration
was more evident in the SOA1 sample. Furthermore, precip-
itates within the grain of the SOA1 sample were larger and
more heterogeneous than those in the SOA2 sample. For
the 7000-series alloys, the pre-strain usually resulted in the
generation of the equilibrium phase g (MgZn2) on the
dislocation network; therefore, it reduced the amount of
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Fig. 1 Tensile properties of the 7075 samples with various heat
treatments

Table 3 Transverse mechanical properties of differently
treated 7075 samples at the strain rate of 23 1026 s21

Treatment

UTS, MPa Elongation, %

In air
In 3.5%
NaCl In air

In 3.5%
NaCl

Esol/Eair,
% (a)

T6 575 569 11.2 7.5 66.9
T6SP 583 573 11.3 8.8 77.8
T73 510 502 12 11.3 94.2
SOA1 557 551 11.4 9.9 86.8
SOA2 572 566 11.6 9.8 84.5

(a) Esol/Eair = elongation tested in 3.5% NaCl/elongation tested in air
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the solutes for the formation of the main hardening phase �g
in the T6 sample, leading to decrease in the mechanical strength
of the alloys (Ref 19, 27). In the SOA1 sample, the g phase
pre-nucleated on the grain boundaries. At the same time, some
dislocations produced by the pre-strain treatment were aggre-
gated around the grain boundaries. Wang and Ma (Ref 28) have
reported that similar to the situation in the grains, the
dislocations in the grain boundaries also provide heterogeneous
nucleation sites for the g phase particles. Both the modes
contributed to the nucleation of the g phase on the grain
boundaries and the g phase grew in the subsequent aging at
160 �C, which made the grain boundary precipitates enlarge
and distribute discontinuously. On the other hand, similar to the
GBPs, the precipitates nucleated on the dislocations within the
grains enlarged, causing the strength to diminish.

The SOA1 sample had larger grain boundary precipitates
and longer inter-particle distance but the size was still smaller
than that in the T73 sample. The small and discontinuously
distributed grain boundary particles are considered to be
beneficial to the toughness of the samples (Ref 29). A slight
increase in the elongation of the SOA2 sample compared to the
SOA1 sample was observed (Table 3).

Concerning the 7000-series aluminum alloys, the stress
corrosion cracking resistance was related to the grain boundary
precipitates. The mechanism of the SCC in the Al-Zn-Mg-Cu
alloys was considered to be both anodic dissolution and
hydrogen embrittlement (Ref 30). The precipitates in the grain
boundaries are Mg-rich phases in these alloys, which have the
electrode potential different from the Al matrix (Ref 31). This
resulted in the anodic dissolution and formed critical defects at
the first stage of the SCC process in the aqueous chloride
solutions. Furthermore, the hydrogen produced in the crack
tip also leads to the hydrogen embrittlement in the grain
boundaries. However, the lattice diffusion coefficients of
hydrogen in the FCC materials such as the aluminum alloys
are very low. This means that there should be a number of
more rapid transport modes for hydrogen. It is well known that
grain boundary is one of the rapid diffusion paths in a material,
which accelerated the hydrogen transport. Moreover, Albrecht
et al. (Ref 32) examined another possible mode and suggested
that the mobile dislocations generated in the tip of the crack
improve the hydrogen diffusion in the matrix. Neguyen et al.
(Ref 33) proposed that the increment of the precipitate size and
the associated change from the GP zone to the semicoherent �g

Fig. 2 SEM micrographs showing SSRT fracture surfaces of differently treated 7075 samples in 3.5% NaCl solution: (a) T6, (b) T73,
(c) SOA1 bulk, (d) SOA1 surface, (e) SOA2 bulk, and (f) SOA2 surface
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and incoherent g precipitates result in a more homogeneous
slip mode and a reduction in slip planarity. This could
effectively decrease the mobile dislocation and, in a larger
amount, reduce the hydrogen transported to the grain bound-
aries in the SOA samples. Therefore, more homogeneous slip
mode appeared in the SCC process in order to inhibit the
hydrogen diffusion. Due to the fact that the stress corrosion
cracks initiate from the surface, the SOA samples had higher
SCC resistance compared to the T6 sample. In addition, Song
et al. (Ref 34, 35) reported that the element Mg in the grain
boundaries had a larger electronegativity difference between
Mg and H atoms than that between Al and H atoms. Therefore,
the element Mg in the grain boundaries could increase the
amount of hydrogen absorbed and consequently accelerate its
diffusion and enhance the solution degree of hydrogen in the
grain boundaries. This resulted in the embrittlement of the
grain boundaries and accelerated the growth of the stress
corrosion cracks. The large size and inter-particle spacing of
the surface grain boundary particles could decrease the anodic
dissolution speed and act as the trapping sites for atomic
hydrogen and create molecular hydrogen bubbles to reduce the
concentration of the atomic hydrogen in the grain boundaries.
Both the size and the inter-particle distance of the grain
boundary precipitates in the SOA samples and the T73 sample
were larger than those in the T6 sample. Therefore, the SCC

resistance of these samples was significantly higher than that
of the T6 sample.

The calorimetric curves after solution-treatment and shot-
peening for the bulk and surface samples are presented in
Fig. 4; peak temperatures representing the maximum reaction
rate temperature and enthalpy can be measured by the area
under the peak, proportional to the volume fraction of the
precipitate undergoing dissolution or formation. The bulk
calorimetric curve shows four exothermic peaks corresponding
to several precipitation reactions, and a broad endothermic
peak, at high temperature corresponding to a dissolution
reaction. According to the sequence of precipitating in the
7000-series of Al alloys, the first peak observed must then
correspond to GP zones formation; the second to �g; and the
third to g; whilst the fourth exothermic peak, according to
Deiasi and Adler (Ref 36), is a consequence of the g growth by
Ostwald ripening; and the final endothermic peak is the result
of g dissolution. The location and intensity of the peaks in the
surface curve are remarkably different from those of the bulk
sample. The first exothermic peak attributed to the GP zone is
quite eliminated in the surface curve. Furthermore, the peak of
the formation of �g nearly coalesced to the peak of forming g,
which occurred at a lower temperature as well as with higher
intensity, indicating the great effect of dislocations generated by
shot-peening on the sequence of precipitation. The premature

Fig. 3 TEM micrographs showing grain boundary precipitates of 7075 samples: (a) T6, (b) T73, (c) SOA1 bulk, (d) SOA1 surface, (e) SOA2
bulk, and (f) SOA2 surface

856—Volume 19(6) August 2010 Journal of Materials Engineering and Performance



formation of g phase with higher intensity allows for the over-
aging of the sample over a considerably shorter period of time.
As a result, the surfaces of the shot-peened samples were over-
aged during the short time of the second stage of aging while
keeping the bulk unaffected.

Figure 5(a) illustrates the microhardness of the solution-
treated and the T6 samples versus distance from the surface
after the shot-peening process. Both samples showed the
enhanced surface hardness which was decreased by increasing
the distance from the surface. However, this decrease was more
severe in the solution-treated sample, whereas the surface
hardness of the solution-treated sample was lower than that of
the T6 one as well. This can be related to the higher capability
of the solutionized sample to strain hardening during shot-
peening. This is due to its superior work hardenability as
expected (Ref 37). The depth of the deformation caused by
shot-peening was higher for the solutionized sample due to its
lower strength. Furthermore, the higher primary hardness of the
T6 sample owing to age hardening causes its higher surface
hardness. Moreover, the microhardness of both the samples had
a reverse mode after the second stage of aging (Fig. 5b). With
the same condition for both of the samples, the surfaces showed
the lowest hardness which increased to reach the maximum
hardness obtained from T6 treatment and remained constant for
deeper regions. Comparing Fig. 5(a) and (b) reveals that the
depth of over-aging was the same as the depth of deformation
caused by shot-peening, meaning that this deformation was the
main reason for surface over-aging. The correlation between
the depth of the deformation and depth of over-aging led to the
deeper surface over-aging of the SOA1 sample, resulting in the
lower strength and SCC susceptibility of this sample.

The average grain size D and microstrain was calculated
from the XRD peak broadening (Ref 25), dislocations density q
can be represented in terms of the grain size D and microstrain
he2i1=2 by (Ref 24, 38):

q ¼ 2
ffiffiffi

3
p
he2i1=2=ðD � bÞ ðEq 1Þ

where b is the Burgers vector which is equal to
ffiffiffi

2
p

a=2 for
an fcc Al alloy. The calculated q after shot-peening from the
surface on the way to the undeformed metal for the solution-
ized and T6 samples is shown in Fig. 6. The surface disloca-
tion density of both samples has been greatly amplified due

to the high surface plastic deformation induced during shot-
peening but this amount decreased by increasing the distance
from the surface as a result of the lack of deformation and
consequently at a definite depth reached a neglectable quan-
tity compared with the surface dislocation density. It can be
seen that q of the T6 sample has been higher than that of the
solutionized one in the entire depth of deformed zone to
520 lm where it corresponded to the last severely deformed
region by shot-peening. The secondary phase particles in the
T6 sample played a critical and positive role in dislocation
generation during shot-peening (Ref 39) and increased the
density of the generated dislocations. Increasing the density

Fig. 4 Calorimetric curves of Al-7075 after solution-treatment,
quenching and post shot-peening for the bulk and for the surface of
the sample

Fig. 5 Microhardness-depth profile of the SOA1 and SOA2 sam-
ples: (a) after the shot-peening and (b) after the second stage of
aging
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of dislocations can accelerate the dissolution of the meta-
stable GP zones and �g particles and creates more stable g
phase. This ultimately reduces the SCC susceptibility of the
surface layer (Ref 40).

The calorimetric curves of the surfaces of SOA1 and SOA2
samples, illustrated in Fig. 7, show two endothermic reactions
in both the samples; the low-temperature peak resulting from
the �g dissolution process and the high-temperature peak from
the g dissolution reaction. In the DSC curve of the SOA2
sample, both peaks occur at slightly lower temperatures than
those of the SOA1 sample as a result of containing higher
density of dislocations. Furthermore, in comparison with the
SOA1 curve, the SOA2 curve has a lower area under the first
peak, while it has a bigger area under the second peak. These
results revealed well that the SOA2 sample had a higher
amount of g phase precipitates as compared with the SOA1
sample, confirming that the transformation of �g to g was
more complete in this sample. These results are in agreement
with the TEM microstructural characterization. Therefore, the
shot-peening between the two stages of aging was more
effective in achieving the entire surface over-aged end product
than doing it before the two stages of aging. This effect is
contrary to the effect of the reduction in the GBP size caused
by the high density of dislocations and leads to the
achievement of the SCC resistance more than expected.
Hence, this has no disagreement with the results obtained by
Wang and Ma (Ref 28).

4. Conclusion

1. The dislocations created during shot-peening could effec-
tively change the sequence of precipitation and enhanced
the rate of the precipitation of the g phase at subsequent
aging. Therefore, the created dislocations allowed for the
over-aging of the surface without influencing the bulk of
the sample.

2. Both of the SOA samples had lower SCC susceptibility
than the conventional shot-peened T6 sample, indicating
that the surface over-aging could improve the SCC resis-
tance more efficiently.

3. Shot-peening before the first stage of aging caused
further depth of deformation than between the two stages

of aging due to the lower strength of the solutionized
sample. The reason for the higher SCC resistance of the
SOA1 sample was more depth of over-aging and the lar-
ger size and inter-particle space of the grain boundary
precipitates in this sample than the SOA2 sample. On the
other hand, these characterizations led to the sacrifice of
the SOA1 sample strength to some extent.

4. Precipitates formed at the first stage of the aging func-
tion as a dislocation generating source, resulting in an
increase in dislocation generation during shot-peening in
the SOA2 sample. This consequently led to more com-
pletely over-age of the surface. Therefore, despite the
other effect of higher dislocation density of the SOA2
sample which caused smaller and more continued GBPs,
it had no considerable SCC resistance weakening as com-
pared with the SOA1 sample.

5. Since over-aging was simply limited to the surface of the
SOA samples, their strength was considerably similar to
that of the T6 sample; nonetheless, the strength loss of
the SOA1 sample was more obvious.
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