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Abstract

In this study, a new heat treatment route was designed, and the effects of pre-deformation
on the retrogression and re-aging (RRA) and 17500 h natural aging (NA) heat treatment were
investigated. The specimens that were pre-deformed during the RRA heat treatment and the
subsequent NA specimens were compared. As a result of the heat treatments, the phase volume
ratios in each specimen were calculated and compared with two different methods. Firstly, the
distributions of the phases and the geometrical changes of the precipitates were interpreted
by scanning electron microscopy (SEM). Elemental ratios in the precipitates were obtained by
energy-dispersive X-ray spectrometry (EDS). Particle size, dislocation density, lattice strain,
and texture coefficient values were calculated by the X-ray diffraction method (XRD), and
their effects on crystallography were examined in detail. As a result of the differential scan-
ning calorimetry (DSC) analysis, it was observed that the transformation temperatures of
the phases changed with the heat treatment route. As a result of all analyses, the connec-
tions between the hardness values were interpreted. The results showed that the hardness
values, dislocation densities, and lattice strain of the pre-deformed RRA + NA specimens
were increased compared to the pre-deformed RRA specimens.

K e y w o r d s: natural aging, retrogression and re-aging heat treatment, dislocation density,
texture coefficient, 7075 aluminum alloys

1. Introduction

7000 series (Al-Zn-Mg-Cu) aluminum alloys have
high hardness and strength and can be hardened by
precipitation [1, 2]. Due to their low densities, they
have been frequently used in the defense industry,
space, and aviation in recent years and can compete
with steel at the same time [3]. The aging process
of these alloys generally continues with natural aging
after solution heat treatment followed by quenching.
However, the long duration of natural aging makes
artificial aging heat treatment more frequently used.
Natural aging has a more profound effect on mi-
crostructural properties than artificial aging. There-
fore, it is necessary to fully understand the precipitates
during natural aging [4–6]. The order of precipitation
in 7000 series alloys was accepted as follows [7, 8]:
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Solid solution/GP zones/metastable η′/stable η-
MgZn2.
There are two types of GP zones. GPI zones are

created over a wide temperature range from room tem-
perature to 140–150◦C. It is often seen when natural
aging is done. It is consistent with the internal order-
ing of Zn and Al/Mg on the matrix lattice. GP II zones
are formed by aging at temperatures above 70◦C af-
ter quenching at temperatures above 450◦C [9]. Some
studies suggest that the GPI zones formed during ag-
ing at a low temperature dissolve at 120◦C and form
GP II zones that can transform to η′ to gain strength
[10]. Others suggest that the GPI zones are the core of
the η′ phase [11, 12]. It is thought that the metastable
η′ phase is the main strengthening phase and provides
the hardening of the aged 7000 series alloys [13]. The
η phase consists of MgZn2 precipitates, which tend
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to disperse at grain boundaries obtained at tempe-
ratures up to 350 ◦C. It is non-congruent and usu-
ally nucleates at a non-congruent or semi-congruent
interface. It creates non-congruent boundaries with
the Al matrix [14, 15]. Different heat treatments ap-
plied to Al-Zn-Mg-Cu alloy establish a relationship
between strength and corrosion resistance. Maximum
strength value is obtained by applying T6 heat treat-
ment, while strength is reduced by applying T7X heat
treatment, and corrosion resistance is improved [16,
17]. Retrogression and re-aging (RRA) heat treatment
was applied to increase strength and corrosion resis-
tance simultaneously. The RRA heat treatment was
developed by Cina and Gan, who worked in an Is-
raeli aircraft company in 1974 with a patent [18, 19].
The Precipitate Free Zone (PFZ) is found around the
lower grain boundaries and dispersoids in aging al-
loys, primarily the grain boundary. The formation of
the precipitate-free zone occurs during the rapid cool-
ing after quenching by the coalescence of atomic cav-
ities at the high-energy grain boundaries, reducing
the zones where the precipitates will nucleate and the
number of solute atoms. 7000 series Al alloys have a
PFZ. The disappearance of the atomic spaces formed
around the grain boundary is an important factor in
the formation of PFZ. This zone plays an effective role
in the mechanical and corrosion properties of Al-Zn-
-Mg-Cu alloys. As a result of the aging heat treat-
ment applied at 120–180◦C, it has been observed that
the increasing aging temperature creates a wider PFZ
area [20, 21].
Recent research using advanced atomic imaging

has found that GP II zones have GPη′ and GPηp
zones, depending on the alloy composition. In an alloy
with a Zn/Mg ratio > 2, GPηp zones are formed. The
GPηp zones are distinguished by their characteristic
thickness of 7 atomic layers and structurally stable
diatomic panels, and they transform to η′p instead of
η′. It has been suggested that GPηp zones are dynamic
precipitates during thermal aging; that is, each GPηp
zone is formed differently from the other. In alloys
with a Zn/Mg ratio < 2, GPη′ zones are formed. The
GPη′ zones do not have a significant thickness, which
they have on {111}Al [22–23].
J. Liu et al. [24] observed GPη′ (GP II) zones in

naturally aged specimens for the first time. They ex-
hibit very slow formation kinetics with a Zn/Mg ra-
tio of approximately 1.3–1.4. It was found that GPη′

zones formed more slowly at room temperature and
provided stronger hardening effects than early clus-
ters. Therefore, it was thought that they could act
as the core of η′-phase formation during subsequent
artificial aging.
S. Liu et al. [25] found that after a long period

of natural aging, the rapidly cooled specimens had a
higher volume fraction of GP zones and, therefore,
a higher increase in hardness than the slowly cooled

Ta b l e 1. Chemical composition of Al 7075/T651 alloy
(wt.%)

Elements (wt.%)

Fe Si Mn Cr Ti Cu Mg Zn Al

0.5 0.4 0.3 0.28 0.2 2 2.9 6.1 Balance

Fig. 1. Heat treatment cycle applied to Al 7075 T651 alloy.

specimen. During short aging times, small GPI zones
are rich in Mg with a Zn/Mg ratio of about 0.9, but
larger GPI zones have a higher Zn/Mg ratio, consis-
tent with an equilibrium value [26].
The precipitation kinetics of GP zones, metastable

η′, and stable η phases in Al-Zn-Mg alloys were inves-
tigated. Accordingly, the apparent activation energies
for GP, η′ and η phases with the DSC technique were
first determined by using JMAK isothermal calcula-
tion method and calculated as 56, 79, and 96 kJ mol−1

and calculated by the non-isothermal Kissinger calcu-
lation method as 57, 82, and 99 kJmol−1, respectively
[27].
This study investigated the effects of long-term

natural aging on the pre-deformed Al-Zn-Mg-Cu al-
loy during RRA heat treatment by creating a new heat
treatment route. Transformations of GP zone, η′ and η
phases were observed by this heat treatment method.
Furthermore, its effects on crystallography have been
studied in detail with some calculations. As a result of
the studies, 7000 series of Al alloys used in the aviation
industry will be significantly affected by the increase
in strength.

2. Experimental procedure

In the experimental study, commercially available
7075 aluminum sheet material with T651 heat treat-
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Fig. 2a–f. SEM microstructure images of (a) S specimen, (b) S + NA specimen, (c) 5Q specimen, (d) 5Q + NA specimen,
(e) 10Q specimen, (f) 10Q + NA specimen.

ment was used. This material is coded as S. The chem-
ical composition of the material in % by weight is given
in Table 1.
The heat treatment cycle applied to the Al

7075/T651 alloy is given in Fig. 1. First, the RRA
heat treatment was carried out in an SFL (SC
1206 model) brand chamber type horizontal high-
-temperature furnace under an argon atmosphere.
Pre-deformation processes were carried out on an In-

stron 3369 computer-controlled universal testing ma-
chine with a tensile-compression capacity of 50 kN
(5 t). Accordingly, resolution (retrogression) and 5–
10% pre-deformation were applied by keeping it at
200◦C for 10 min. It was then quenched and artifi-
cially aged at 120◦C for 24 h. These specimens were
coded as 5Q and 10Q. Other specimens were kept
at 200◦C for 10min and quenched. Then 5–10% pre-
deformation was applied and re-aged at 120◦C for 24 h.
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Fig. 2g–k. SEM microstructure images of (g) Q5 specimen, (h) Q5 + NA specimen, (j) Q10 specimen, and (k) Q10 + NA
specimen.

These specimens were coded as Q5 and Q10. Finally,
these specimens were naturally aged 17500 h at room
temperature after RRA heat treatment. These spec-
imens were coded as 5Q + NA, 10Q + NA, Q5 +
NA, Q10 + NA. Microhardness tests of the specimens
were determined by taking the hardness values from at
least five points for each specimen in the Qness Hard-
ness device, and the average HV0.5 values were de-
termined. JEOL JSM-6060LV Scanning Electron Mi-
croscope (SEM) was used in microstructure studies.
Elemental distributions were obtained with the JEOL
JSM 6060LV Energy-Dispersive X-Ray Spectrometer
(EDS, IXRF Sys.). Phase volume ratios of the spec-
imens were calculated using Dewinter Material Plus
6.1 software on SEM microstructure pictures. At the
same time, the results were compared using the point
count method while calculating the phase volume ra-
tio. XRD patterns were obtained using the Bruker
D8 Advance XRD instrument. Monochromatic CuKα
beam (λ = 1.54056 Å) was used as an X-ray source,
and patterns were obtained at 40 kV and 40mA. Spec-
imens were scanned at a scanning speed of 0.04 in
the range of 2θ 16◦–80◦. X-ray analysis calculated the
particle size, dislocation density, lattice strain, and

texture coefficient values of the specimens. HITACHI
DSC 7020 thermal analysis unit was used to perform
differential scanning calorimetry (DSC) experiments.
The tests were carried out in an argon atmosphere
with a heating rate of 10◦C min−1 and a temperature
range of 25 to 460◦C. It was tested with specimens of
10 mg mass enclosed in aluminum pans.

3. Results and discussion

3.1. Microstructure

As can be seen in Figs. 2a,b, when the natural ag-
ing process is added to the T651 heat treatment, the
secondary phases increase. In Figs. 2c–g of the mi-
crostructure, it is thought that secondary phases be-
fore natural aging are seen in elongated form due to
deformation. In Figs. 2d–h of the microstructure, 5 %
of the energy resulting from deformation after natu-
ral aging is spent on secondary phase transformation,
and secondary phase forms become spherical (yellow
shapes shown on microstructure). Secondary phases in
the microstructure in Figs. 2e–i increased in size with
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Fig. 3a–c. Distribution of the phase-volume ratios of the specimens (a) S, (b) S + NA, (c) 5QR.

natural aging, as in the microstructure in Figs. 2f–k. It
was observed that the secondary phase distributions of
the 10 % deformation applied samples were less than
the 5 % deformation applied samples. This is because
the driving force for the formation of potential nu-
cleation sites in the matrix is 5 % pre-deformation.
It is thought that the effect of this driving force is
reduced by a 10% pre-deformation rate. Experimen-
tal studies show that potential nucleation sites in the

matrix do not increase with an increasing amount of
pre-deformation [28].
Phase volume ratios of the specimens calculated

using Dewinter Material Plus 6.1 software, respecti-
vely: (a) S 1.89%, (b) S + NA 2.67%, (c) 5QR 3.48 %,
(d) 5QR + NA 5.68%, (e) 10QR 0.78%, (f) 10QR +
NA 4.43%, (g) Q5R 3.99%, (h) Q5R + NA 4.52 %,
(j) Q10R 1.83%, and (k) Q10R + NA 5.61%. It can
be seen from Fig. 3 that the phase volume ratio in-
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Fig. 3d–f. Distribution of the phase-volume ratios of the specimens (d) 5QR + NA, (e) 10QR, (f) 10QR + NA.

creased in all specimens with natural aging (17500 h)
after RRA heat treatment.
In calculating the phase volume ratios, the point-

-counting method given by Eq. (1) was also used [29].
Phase volume ratio measurement was performed on
the microstructure image of the Q5R + NA specimens
taken at 500 × magnification. As a result of the calcu-
lation, it was found that it had a phase volume ratio
of 5.71 %. Using Dewinter Material Plus 6.1 software,

the result was 5.68 %. The approximate value of the
results supports the calculation:

Vphase = Pphase/PT, (1)

where Vphase is phase volume ratio (Vphase = 4(1/2)/35
× 100 = 5.71 %), Pphase is number of points corre-
sponding to the phase, and PT is total number of
points.
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Fig. 3g–j. Distribution of the phase-volume ratios of the specimens (g) Q5R, (h) Q5R + NA, (j) Q10R.

Figure 4 shows the Mg/Zn ratios and dot-line EDS
analyses of pre-deformed specimens during the RRA
heat treatment and then naturally aged. EDS analy-
ses were made from 10 different precipitates. In the
EDS analysis of points 3, 7, and 9, the Zn/Mg < 2
ratio was found. These precipitates are smaller in size
compared to the others. The lowest Zn ratio was ob-
served in these small-sized precipitates. It is known
that GPη′(GP II) zone occurs in alloys with a Zn/Mg

ratio < 2. Zn/Mg > 2 was found in 1, 2, 4, 5, 6, 8, and
10 point ESD analyses. These precipitates are GPηp

regions (GP II). GPηp zones transform to η′p instead
of η′. It has been suggested that all GPηp zones are
formed differently from the others [22, 23]. According
to the line EDS analysis on the precipitates, Al gives
more homogeneous intensity along the whole line. On
the other hand, it was observed that the Mg-Zn ratio
was more intense in the regions with secondary phases
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Fig. 3k. Distribution of the phase-volume ratios of the specimens (k) Q10R + NA.

Fig. 4. Mg/Zn ratios and EDS analyses of specimens in
which the RRA + NA were applied.

due to the presence of MgZn2.
Figure 5 shows the schematic representation of the

precipitates and phases formed due to different heat
treatments. Since there is artificial aging with T651

heat treatment, the GP II zone and η′ phase are
formed. When the RRA treatment is added to the
T651 heat treatment, a small amount of GP I zone
(smaller precipitates < 3 nm) and η phase also be-
gin to appear in the structure. It has been reported
that the GP I zone appears as clusters with enriched
dissolved elements and has ultrafine dimensions in the
first aging phase [30, 31]. When natural aging is added
to the T651 + RRA heat treatment, it has been shown
that the sizes of the η and η′ phases increase, and their
number increase as well.

3.2. Hardness properties

Figure 6 shows the microhardness results of spec-
imens in which pre-deformation was applied at dif-
ferent rates. The hardness of the specimens in which
T651 + RRA was applied was measured as 242 HV0.5
(5Q), 253 HV0.5 (Q5), 252 HV0.5 (10Q), and 264
HV0.5 (Q10), respectively. The hardnesses of the spec-
imens in which T651 + RRA+ NA was applied were
measured as 247 HV0.5 (5Q + NA), 259 HV0.5 (Q5 +
NA), 257 HV0.5 (10Q + NA), and 267 HV0.5 (Q10 +
NA), respectively. T651 + RRA + 175000 h natural
aging increased the hardness values in all specimens.
The precipitates distributions and phase-volume ra-
tios in the microstructures also support this situation.
The increasing amount of pre-deformation increased
the hardness of all specimens. In addition, specimens

Fig. 5. Schematic representation of the precipitates and phases of the different heat-treated specimens: (a) 7075/T651,
(b) 7075/T651 + RRA, and (c) 7075/T651 + RRA + NA.
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Fig. 6. Microhardness results of specimens subjected to
pre-deformation at different rates.

deformed after retrogression at 200◦C (Q5R, Q5R +
NA, Q10R, and Q10R + NA) were found to have
higher hardness than those deformed during retrogres-
sion (5QR, 5QR + NA, 10QR, and 10QR + NA).

3.3. XRD studies

Figure 7 shows XRD analyses of specimens pre-
deformed during RRA and specimens pre-deformed
during RRA and then naturally aged. A standard
reference pattern (JCPDS:01-089-4037) for aluminum
was used to detect crystallographic planes. As a result
of the XRD analysis, the intensity of the purchased S
specimen was measured as the lowest. The (111) plane
gave the most intense XRD peak. This plane shows
the most intense XRD peak recommended for Al al-
loys [32]. However, the most intense XRD peak was
observed in the (200) plane due to the RRA heat treat-
ment and pre-deformation effect. In addition, the in-
tensity at all peaks in the 5Q, 10Q, Q5, and Q10 spec-

imens increased compared to the S specimens. With
natural aging (S + NA) on the S specimen, the most
intense peak intensity was seen in the (200) plane. It
is understood from this that the natural aging heat
treatment also changed the most intense peak plane
proposed. It was observed that the peak intensities
measured in S + NA, 5Q + NA, 10Q + NA, Q5 +
NA, and Q10 + NA specimens were higher than those
of S, 5Q, 10Q, Q5, and Q10 specimens.
Debye Scherrer’s formula was used to measure

the particle size and dislocation density of the
specimens. FWHM (Full Width Half Maximum)
value was also calculated from XRD peaks and ap-
plied in this formula. Particle size is also calcu-
lated using the Williamson–Hall equation. The well-
known Williamson-Hall equation determined the lat-
tice strain calculations of the specimens [33]. Debye
Scherrer’s formula [34], Eq. (2):

Dp = kλ/β cos θ, (2)

whereDp is crystallite size (m), k is constant; k = 0.94
(for cubic structures), λ is the wavelength of X-ray
used (1.54× 10−10 m), β is FWHM of a diffraction
peak (radian), and θ is the angle of diffraction (ra-
dian).
The dislocation density (δ) is calculated by follow-

ing formula, Eq. (3):

δ = 1/D2p (lines m−2). (3)

Williamson-Hall equation, Eq. (4):

B cos θ = kλ/D + 4ε sin θ, (4)

where B is FWHM of a diffraction peak (radian),
k = 0.94 (for cubic structures), λ is the wavelength of
X-ray used (λ = 0.15406 nm) (Cu-Kα radiation), D is
crystallite size, and ε is lattice strain.
Particle sizes found as a result of XRD analy-

Fig. 7. XRD patterns of specimens (a) pre-deformed during RRA and (b) pre-deformed and naturally aged during RRA.
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Fig. 8. Dislocation densities and lattice strain values of the specimens (a), (c) pre-deformed during RRA and (b), (d)
pre-deformed and naturally aged during RRA.

sis are as follows: 5Q + NA is 350.11 × 10−10m,
Q5 + NA is 447.49 × 10−10m, 10Q + NA is
292.18 × 10−10m, Q10 + NA is 385.76 × 10−10m, 5Q
is 571.43 × 10−10m, Q5 is 568.29 × 10−10m, 10Q is
308.75 × 10−10m, and Q10 is 433.27 × 10−10m. The
particle size of the specimens in which the RRA + NA
was applied decreased compared to the specimens in
which the RRA was applied. Therefore, Fig. 8 shows
that the dislocation densities of the RRA + NA spec-
imens also increased.
Texture always affects a polycrystalline material

[35]. For polycrystalline materials, the texture coeffi-
cient of the specimens was calculated by Harris anal-
ysis [36]:

P (hkl) =
I (hkl)
I0 (hkl)

⎡
⎢⎢⎢⎢⎣

1

1/n
n∑

i=1

I (hikili)
I0 (hikili)

⎤
⎥⎥⎥⎥⎦
, (5)

If P (hkl) > 1, it has orientation on the crystallo-
graphic plane (hkl). The texture coefficient values of
the four crystallographic planes of the heat-treated
specimens (111), (200), (220), and (311) were given in

Ta b l e 2. Texture coefficient values of crystallographic
planes of heat-treated specimens applied to Al 7075 alloy

Texture coefficient P (hkl)

111 200 220 311

S 0.56 1.62 0.84 0.98
5Q 0.63 1.52 0.88 0.96
10Q 0.51 1.78 1.18 0.81
Q5 0.54 1.9 0.69 0.87
Q10 0.31 2.56 0.61 0.52
S + NA 0.55 1.82 0.79 0.82
5Q + NA 0.68 1.71 0.79 0.8
10Q + NA 0.58 1.96 0.91 0.71
Q5 + NA 0.72 1.85 0.64 0.78
Q10 + NA 0.33 2.6 0.52 0.53

Eq. (5), Table 2. All of the specimens are oriented in
the (200) plane. Q10 + NA and Q10 specimens made
the highest orientation in the (200) plane. However,
the 10Q specimen did not show dominant orientation
as it was oriented in both the (200) and (220) planes.
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Fig. 9. DSC curves of Al 7075-T651 alloy, which was subjected to different pre-deformation and naturally aged during
RRA.

3.4. DSC analysis

DSC analyses were performed to characterize the
precipitates in the specimens and to see the phase
transformations. Figure 9 shows the DSC curves
of naturally aged specimens in which different pre-
-deformation was applied during the RRA heat treat-
ment. It is seen that the DSC curve of the alloy Al
7075/T651 (S specimen) is similar to the other Al-Zn-
-Mg-Cu alloy specimens [37–40]. Aged Al alloys show a
dissolution peak first, then a precipitation peak (pos-
sibly transition to equilibrium phase η′), and finally
an endothermic peak corresponding to the dissolution
of the remaining phases.
The first endothermic reaction results from the dis-

solution of the GP I regions. The first endothermic
peak 1 in S + NA specimen occurred at 52◦C. The sec-
ond endothermic peak 2 at 131◦C resolved the GPII
sites. It is seen that at 195◦C, the exothermic peak 3
changed from GPII to η′, and the η′ phase dissolved at
215◦C (peak 4). When the temperature rises to 335◦C
(peak 5), the η′ phase changes to the η phase. At
350◦C (peak 6), the η phase dissolved. Finally, a fi-
nal transformation took place at 390◦C (peak 7). The
S-Al2CuMg primary phase [41, 42] was dissolved at
425◦C (peak 8).
In 10Q + NA, Q5 + NA, and Q10 + NA speci-

mens, the first endothermic peak (1) occurred at ap-
proximately 70◦C. The peak temperature of the first
reaction is similar for these three specimens. This in-
dicates that the density of the GPI regions is also

similar. It can also show that the sizes of the GPI
regions are similar in the three specimens. Since all
specimens have natural aging, the formation of GPI
regions is significantly promoted. As seen in the mi-
crostructures, the precipitates of 10QR + NA, Q5R +
NA, and Q10R + NA specimens are coarser. As the
temperature increases, the dissolution of the coarser
and more stable phase results from phase coarsening
by the Ostwald ripening process [43]. In the 5Q + NA
specimens, the GP I region dissolved at 45◦C (peak 1).
This indicates that natural aging begins earlier than in
other specimens. With a 5% deformation effect in the
5Q + NA specimens, the GP II region (peak 2a) dis-
solved at 81◦C. The GP II region re-dissolved at about
220◦C (peak 2). The reason for these two different dis-
solutions is thought to be related to the Zn/Mg ratios
of the newly formed GP II zones. The GP II region
changed sharply to the η′ phase at 235◦C (peak 3), and
the η′ phase began to dissolve at 260◦C (peak 4). At
350◦C (peak 5), the η′ phase changed to the η phase,
and at 380◦C (peak 6), the η phase dissolved. At 397◦C
(peak 7), the conversion takes longer than in the S +
NA specimens, and the S phase begins to dissolve at
435◦C. It can be understood from this that 5 % pre-
deformation during retrogression increased the trans-
formation temperatures.
In the 10Q + NA specimens, the conversion rates

are more uncertain than in the 5Q + NA specimens.
At 204◦C (peak 2), GPII dissolved. At 248◦C (peak 3),
the GPII zone changed to the η′ phase. At 255◦C
(peak 4), the η′ phase dissolved. At 340◦C (peak 5),
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the η′ phase changed to the η phase. At 375◦C
(peak 6), the η phase dissolved. At 395◦C (peak 7),
the η phase changed to the S phase, and at 410◦C
(peak 8), the S phase dissolved. The low peak inten-
sity indicates that the S phase dissolves quickly. In
the Q5 + NA specimens, the GP II zone dissolved at
205◦C (peak 2). At 223◦C (peak 3), the GP II zones
changed to the η′ phase. At 251◦C (peak 4), the η′

phase dissolved, and at 362◦C (peak 5), the η′ phase
changed to the η phase. At 360◦C (peak 6), the η
phase dissolved. At 407◦C (peak 7), the η phase turns
into the S phase, and at peak 8, it is seen that the
S phase begins to dissolve. In the Q10 + NA speci-
mens, the GP II zones dissolved at 205◦C (peak 2).
At 238◦C (peak 3), the GP II zones changed to the η′

phase. At 243◦C (peak 4), the η′ phase dissolved, and
at 350◦C (peak 5), the η′ phase changed to the η phase.
At 370◦C (peak 6), the η phase dissolved. At 410◦C
(peak 7), the η phase changed to the S phase. How-
ever, the low endothermic peak intensity after peak 7
indicates that the S phase dissolves rapidly during the
transformation.

4. Conclusions

In this study, the changes in the process were in-
vestigated by applying a new heat treatment route to
the Al 7075/T651 alloy. The microstructure, mechani-
cal properties, and changes in crystallography of the
heat-treated Al 7075/T651 alloy were analyzed and
discussed, and the following results were obtained:
(1) The secondary phases elongated with 5% pre-

-deformation and became spherical after natural ag-
ing.
(2) Specimens with applied 10% pre-deformation

have less precipitate distribution than specimens with
applied 5 % pre-strain.
(3) With natural aging after RRA, the phase vol-

ume ratios of all specimens increased.
(4) All specimens were oriented in the (200) plane.

Only the 10Q specimen was oriented in both the (200)
and (220) planes.
(5) The hardness of all specimens increased with

natural aging applied after RRA. The highest hard-
ness was found in the Q10 + NA specimen.
(6) The increase in pre-deformation also increased

the phase transformation temperatures.
(7) The highest dislocation density and lattice

strain were calculated in the Q10 + NA specimen.
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