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Abstract: This study focuses on the high temperature characteristics of thermo-mechanically processed
AA7075 alloy. An integrated die forming process that combines solution heat treatment and hot
forming at different temperatures was employed to process the AA7075 alloy. Low die temperature
resulted in the fabrication of parts with higher strength, similar to that of T6 condition, while forming
this alloy in the hot die led to the fabrication of more ductile parts. Isothermal uniaxial tensile tests in
the temperature range of 200–400 ◦C and at strain rates ranging from 0.001–0.1 s−1 were performed
on the as-received material, and on both the solution heat-treated and the thermo-mechanically
processed parts to explore the impacts of deformation parameters on the mechanical behavior at
elevated temperatures. Flow stress levels of AA7075 alloy in all processing states were shown
to be strongly temperature- and strain-rate dependent. Results imply that thermo-mechanical
parameters are very influential on the mechanical properties of the AA7075 alloy formed at elevated
temperatures. Microstructural studies were conducted by utilizing optical microscopy and a scanning
electron microscope to reveal the dominant softening mechanism and the level of grain growth at
elevated temperatures.

Keywords: high strength aluminum; thermo-mechanical processing; microstructure; high
temperature deformation

1. Introduction

Lightweight components are widely being utilized in the aerospace and aviation since decades [1].
Among a broad range of metallic materials, high strength aluminum alloys are promising candidates to
meet the requirements of manufacturing lightweight parts with acceptable strength [2,3]. For example,
high strength Al-Zn-Mg-Cu alloys have been extensively used not only in the aerospace industry but
also in automobile and transport industries because of their outstanding properties [4–7]. These series
of precipitation hardenable aluminum alloys exhibit high strength-to-weight ratios, excellent corrosion
resistance, good fatigue properties, high fracture toughness and ductility [2,3,8–10]. Since the mechanical
properties of the 7000 series of aluminum can be modified via heat treatment or thermo-mechanical
processing, these alloys are employed for a variety of engineering applications [1,8,11].

Recently, researchers and engineers found out that the employment of different thermo-mechanical
process strategies can result in the development of components with locally varied mechanical
properties [12–15]. The impact of process parameters during a novel hot stamping technique was
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studied attesting the improvement of mechanical properties of a high strength aluminum alloy as
compared to the as-received T4 condition [13]. Forming limit curves (FLCs) for the hot forming of
an aluminum alloy were also obtained in another study by designing a novel test device based on
a commercial Gleeble machine [14]. The results of this preliminary research awaked the interest in
hot stamping and thermo-mechanical processing of AA7075 alloy and entailed a high number of
scientific and industrial studies [5,6,16–18]. It was shown that hot stamping of AA7075 alloy, followed
by an adequate artificial aging treatment, resulted in the production of components with mechanical
properties similar to the T6 condition [6].

The demand for reliable data to be used for calculation of the required forces applied during
warm and hot working of AA7075 alloy has shaped interest toward high-temperature characteristics
of this alloy [11,13,19–27]. These can be affected by various heat treatment conditions, i.e., solution
heat treating, T6, and over-aging [13,22,25]. It was found that over-aged AA7075 alloy has the highest
stability in maintaining mechanical properties at elevated temperatures, whereas, solution heat-treated
and T6 conditions showed instability at relatively high temperatures [22]. Coarsening of fine and
dispersed precipitates in the material in T6 condition and the occurrence of dynamic precipitation in
the solution heat-treated samples were found to be the main reasons for thermal instability and increase
of flow stress levels during hot deformation. Because of the importance of predicting hot deformation
behavior of AA7075 alloy, some attempts were made to model flow stress curves of this material at high
temperatures [11,19,26]. The agreement between experimental results and utilized models implied
that constitutive equations are applicable for predicting flow stress curves for deformation conditions
outside the experimental window as well. However, not only the precipitation distribution and sizes
but also the effect of pre-plastic deformation should be taken into account [20]. For example, prior cold
rolling improved the strength of this alloy at deformation temperatures up to 250 ◦C, while above this
temperature level, the previous cold deformation enabled higher total elongation reaching over 50%.

Elevated temperature response of aluminum alloys is of interest for estimation of critical force levels
for any application-oriented loading event as well as for metal forming at elevated temperatures [21,
22,28–33]. Many researchers utilized hot compression, tension, and torsion experiments to obtain
flow curves at elevated temperatures [21,22,28–33]. Instability phenomena during tensile testing are
a barrier toward constitutive analysis. Both compressive and tensile loadings stimulate a relatively
higher number of slip systems as compared to the shear loading condition [33,34]. It is also worth
noting that under the hot tensile mode fracture mechanisms can be explored in parallel and, hence,
process-microstructure-property-damage relationships can be established.

As elaborated above, despite the numerous research studies the elevated temperature behavior of
thermo-mechanically processed AA7075 alloy has not been studied in sufficient depth yet. Therefore,
the purpose of this research work is to provide key insights into the mechanical and microstructural
changes in the course of hot deformation of a thermo-mechanically processed high strength aluminum
alloy at a wide range of temperatures and strain rates. Many engineering applications demand
components with the ability to work at elevated temperatures and, hence, high temperature behavior of
thermo-mechanically processed AA7075 alloy has to be well-understood. In this regard, two different
die temperatures (24 ◦C and 350 ◦C) were used to produce hot formed samples. Subsequently, elevated
temperature tensile tests at temperatures ranging from ambient to 400 ◦C conducted at various strain
rates were performed on the as-received T6, solution heat-treated, and the thermo-mechanically
processed samples. Analysis of mechanical properties is supported by microstructural analysis to
allow for a better understanding of the underlying elementary mechanisms. The results achieved open
up new pathways for manufacturing lightweight components with satisfactory strength in a wide
range of loading scenarios in different conditions. Results will be the basis for safe and reliable use
of microstructurally graded parts, i.e., parts with locally designed mechanical properties in order to
meet current challenging demands of several branches such as the mobility sector. Such parts will be
realized and thoroughly characterized in follow-up studies.
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2. Materials and Methods

Sheets of AA7075 alloy with a thickness of 1.5 mm were received with the chemical composition
listed in Table 1. The condition of as-received material was T6, i.e., solution heat-treated, quenched,
and artificially aged. For the forming and heat treatment experiments, the sheet material was cut into
blanks of 250 mm × 140 mm × 1.5 mm.

Table 1. Chemical composition of AA7075 alloy used in the present study.

Element Si Fe Cu Mn Mg Cr Zn Ti Zr Al

AA7075 (Wt. %) 0.10 0.11 1.49 0.03 2.38 0.20 5.57 0.03 0.04 Balanced

The experimental set-up consisting of a roller hearth furnace, a hydraulic press with a hat-shaped
die, and a furnace for the aging treatment is shown in Figure 1. Thermo-mechanical processes and
routes utilized in the present study were chosen according to a previous paper published by some
of the authors of the present manuscript [35]. To evaluate the influence of die temperatures on the
elevated temperature behavior and microstructural evolution of AA7075 alloy, two thermo-mechanical
processing routes were used (Figure 1c). In this study, the sheets of AA7075 alloy were heated up
to the solution heat treatment temperature (480 ◦C) and soaked for 15 min to dissolve previously
formed precipitates being present in the as-received condition. After the solution annealing, the heated
blanks were transferred, within a period of 6 to 8 s, to the forming dies. They were then formed and
quenched in dies with temperatures of 24 ◦C and 350 ◦C. All formed samples were subsequently aged
at a temperature of 120 ◦C for 20 h. The solution heat treatment and aging temperatures were chosen
according to the previous study [35].
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Figure 1. (a) Roller hearth furnace, (b) forming die, (c) schematic illustration of the thermo-mechanical
route used in the present study, and (d) a schematic illustration of the hot formed blank and tensile test
samples. (Reproduced from [18], with permission from authors, 2020.)

The test samples were electro-discharge machined with their loading axis parallel to the rolling
direction and a gauge length of 40 mm. Those tensile samples of thermo-mechanically processed
material were cut from the top hat sections (Figure 1d). To characterize the mechanical properties of
AA7075 alloy in different conditions at room temperature, tensile tests were performed isothermally at
strain rates of 0.001, 0.01, and 0.1 s−1 and at temperatures of 200, 250, 300, 350, and 400 ◦C. Samples were
ground and polished before tensile testing. All samples were heated up to the deformation temperature
and subsequently deformed in a single loading step. The sample temperature was monitored during
the tests using thermocouples. The strain was measured utilizing an extensometer directly attached to
the sample surfaces. Three tensile tests for each condition were carried out and the average values
are reported. Standard polishing procedures were employed to prepare samples for microstructural
analysis. Optical microscopy and a scanning electron microscope (SEM) equipped with an electron
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backscatter diffraction (EBSD) unit operating at a nominal voltage of 20 kV were used to characterize
microstructural evolution and fracture surfaces of the samples in different conditions. For the EBSD
examination, the samples were prepared by 24 h of vibro-polishing in a colloidal silica solution (OPS).

3. Results and Discussion

3.1. Room Temperature Mechanical Properties and Microstructure of Thermo-Mechanically Processed
AA7075 Alloy

Room temperature mechanical properties of as-received, solution heat-treated, and the
thermo-mechanically processed AA7075 alloy are summarized in Table 2. From this table, it can be
deduced that the processing of AA7075 alloy in the hot and cold dies results in significantly different
mechanical properties. The sample processed in the cold die shows a strength level similar to that of
the T6 as-received condition, while the sample formed and cooled in the hot die exhibits lower yield
and ultimate tensile strength.

Table 2. Summary of the tensile tests performed at room temperature on AA7075 alloy in different
conditions; standard deviations with the 80% confidence interval are provided in the table (partly
recompiled from [18]).

Conditions Yield Strength (MPa) Ultimate Tensile
Strength (MPa) Elongation (%)

As-received (T6) 470 ± 4 580 ± 5 14 ± 1
Solution heat-treated 171 ± 6 393 ± 7 22 ± 3

Die temperature 24 ◦C 489 ± 8 576 ± 6 10 ± 2
Die temperature 350 ◦C 164 ± 8 338 ± 9 14 ± 3

The EBSD micrographs (image quality map) of AA7075 before and after thermo-mechanical
processing are illustrated in Figure 2. The average grain sizes were determined by the linear intercept
method. The average grain sizes of as-received and the thermo-mechanically processed samples (in
the dies with temperatures of 24 ◦C and 350 ◦C) were found to be 24, 25, and 22 µm, respectively.
Thus, grain size remains relatively constant in the utilized thermo-mechanical processes as already
reported before for two different aluminum alloys [18]. The same finding, i.e., thermo-mechanical
processing has minimal impact on the grain size of this alloy, was reported by Harrison et al. in [6].
SEM micrographs obtained using back-scattered electron (BSE) contrast are also displayed in Figure 2.
Evidently, die temperatures affect the morphology and size of precipitates introduced in the AA7075
alloy. Coarse precipitates were formed and segregated along the grain boundaries in the sample
processed in the hot die, whereas, fine and dispersed precipitates, similar to that of T6 counterpart,
were introduced in the sample processed in the cold die. Lower cooling rates after solution treatment
favor the evolution of relatively large precipitates alongside the grain boundaries eventually leading to
a reduction of precipitate forming elements in the surrounding areas [10,36–38]. Therefore, the high
strength of AA7075 alloy formed and cooled in the cold die can be attributed to the formation of fine
and dispersed precipitates after the aging treatment [17,18].
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3.2. Elevated Temperature Flow Behavior of Thermo-Mechanically Processed AA7075 Alloy

The flow curves of AA7075 alloy at elevated temperatures and different strain rates are presented
in Figure 3. The flow behavior of AA7075 alloy in the T6 condition exhibits a strong dependence on
the deformation temperature and rate. With increasing the deformation temperature and decreasing
strain rate, the strength of the as-received T6 material decreases substantially, attesting the activation
of softening mechanisms i.e., dynamic recovery (DRV) and dynamic recrystallization (DRX) at such
high temperatures [20,26]. For in-depth evaluation of the behavior in these temperature ranges, tensile
strength in many studies is considered, e.g., [31,39]. At lower deformation temperatures (200, 250, and
300 ◦C), the flow stress curves show a softening after reaching tensile stress without ever reaching the
steady-state region (Figure 3). However, samples deformed at temperatures above 300 ◦C display a
steady-state region and considerable ductility after reaching tensile stress.

The flow curves of the solution heat-treated material at elevated temperatures and various
strain rates are also illustrated in Figure 3. Results reveal that strength and ductility of the solution
heat-treated AA7075 alloy are sensitive to both temperature and strain rate. Higher deformation
temperature and/or lower strain rate lead to a significant reduction in tensile strength of the solution
heat-treated samples. It is also worth noting that at deformation temperatures of 200 and 250 ◦C, the
solution heat-treated AA7075 alloy shows a remarkable work hardening (WH) before reaching tensile
strength except at 250 ◦C and 0.001 s−1. This behavior can be linked to the occurrence of dynamic
precipitation (DPN) in such an unstable condition [22,40]. As such, DPN can be favored at a high level
of supersaturation while deformation takes place at moderate temperatures.

The elevated temperature mechanical properties of AA7075 alloy processed in the cold die
are similar to those of as-received T6 counterparts. The reduction in tensile strength values and
enhancement of ductility with the increase of deformation temperature are also evident. Similar to
the as-received material, this condition also exhibits a steady-state region at or above deformation
temperatures of 300 ◦C. The very similar microstructural state, i.e., almost equal grain sizes and same
morphology and sizes of precipitates in both as-received and thermo-mechanically processed materials
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(in the cold die), results in virtually identical mechanical properties not only at room but also at
elevated temperatures.
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The flow curves of AA7075 alloy processed in die with a temperature of 350 ◦C can also be seen
in Figure 3. At 200 and 250 ◦C, an obvious reduction in strength can be seen for this condition as
compared to other conditions. Low flow stress levels at moderate deformation temperature in this
condition can be attributed to the formation of large precipitates already during the thermo-mechanical
process in the hot die as shown in Figure 2c. It is well-known that large precipitates lead to lower
strength during plastic deformation. Forming in a heated die leads to precipitations during cooling
before intentional aging. Thus, the resulting state before aging is not supersaturated to the same level
as after forming in a cold die. Consequently, the existing precipitates coarsen and less new precipitates
are formed during subsequent aging, resulting in this reduced strength [22].

3.3. Effects of Temperature and Deformation Rate on the Microstructural Evolution of Thermo-Mechanically
Processed AA7075 Alloy

The effect of deformation temperature on microstructure evolution of AA7075 alloy in different
processing states is depicted in Figure 4. The examined regions were prepared from the deformed
part of the sample. Grains of AA7075 alloy in all processed states are elongated alongside the tensile
direction (being parallel to rolling direction). It can also be seen that the increase of deformation
temperature to 400 ◦C led to the growth of grains in all conditions. Obviously, there is sufficient thermal
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energy to promote nucleation and growth of dynamically recrystallized grains. Stored energy induced
by deformation of material during elevated temperature tensile tests as well as the previous rolling
process brings about a considerable driving force for the recrystallization phenomenon. The occurrence
of DRX and growth of recrystallized grains at high deformation temperatures were previously reported
for cold rolled and solution heat-treated AA7075 alloy [20,24]. It should also be noted that the influence
of different thermo-mechanical process routes employed in the present study seems to be of minor
importance with respect to the final grain sizes of samples upon hot tensile tests.
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Figure 4. Optical micrographs of (a) as-received (AA 7075-T6 aluminum alloy), (b) the solution heat-treated
material, (c) sample processed in a die with a temperature of 24 ◦C, and (d) sample processed in a die with
a temperature of 350 ◦C. All micrographs highlight microstructure evolution after tensile tests at the strain
rate of 0.01 s−1 and temperatures of 200 ◦C (lower row) and 400 ◦C (upper row).

The influence of the deformation rate on the microstructure of AA7075 alloy in different processing
states was additionally studied and results are shown in Figure 5. From this figure, it can be
deduced that the lower deformation rate results in a more pronounced growth of recrystallized grains.
This observation can be imputed to the sufficiency of time for the growth of recrystallized grains after
nucleation [20]. It was previously reported that in case of hot working of metallic materials, flow
stress levels depend on the change in dislocation densities linked to deformation and annihilation
contributing to the general softening mechanisms, i.e., DRV and DRX, and, eventually, to the grain size
of recrystallized grains [41–43].

The effect of tensile deformation at temperatures of 200 and 400 ◦C for samples processed in the hot
die was further analyzed via EBSD as displayed in Figure 6. Low-angle grain boundaries (i.e., boundaries
characterized by misorientation angles of 2 to 15 degree) and high-angle grain boundaries (i.e., boundaries
characterized by misorientation angles of > 15 degree) are marked by white and black lines, respectively.
The sample deformed at 200 ◦C consists of a higher fraction of low-angle grain boundaries as compared
to that upon deformation at 400 ◦C. The presence of substructures and a high fraction of low-angle
grain boundaries, respectively, for the sample deformed at 200 ◦C indicates that the dominant softening
mechanism is DRV at this deformation temperature. However, high-angle grain boundaries dominate
upon deformation at a temperature of 400 ◦C confirming the occurrence of DRX at this temperature.
It was already reported that the onset of DRX generally can take place at temperatures above 300 ◦C in
elevated temperature deformation of AA7075 alloy [26].
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3.4. Fractography

To characterize the failure mechanisms of AA7075 alloy in various conditions, the fracture surfaces
were analyzed. The impact of deformation temperature on the fracture surfaces is presented in
Figure 7. All fracture surfaces show a considerable number of equiaxed dimples and microvoids
confirming the presence of ductile fracture mechanisms [44]. Deformation of the AA7075 alloy at
higher temperatures increased the sizes of dimples and microvoids. Obviously, the diffusion rate
as the responsible mechanism for the coalescence of microvoids is increased at higher deformation
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temperature [45]. Hence, larger dimples and microvoids can be expected for the samples deformed at
higher deformation temperatures.
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in a die with a temperature of 350 ◦C after tensile tests at the strain rate of 0.01 s−1 and temperatures of
200 ◦C and 400 ◦C.

Besides the effect of deformation temperature on the fracture mechanisms of AA7075 alloy in
different states, the influence of the deformation rate on the fracture surfaces was analyzed as illustrated
in Figure 8. Surfaces of the samples deformed at a lower strain rate are characterized by slightly larger
dimples as compared to those deformed at a higher rate. It was already mentioned in literature that in
the high temperature regime materials deformed at a lower rate have sufficient time for growth and
coalescence of microvoids [44].
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3.5. Process-Microstructure-Property-Damage Relationships

The effect of thermo-mechanical processing on the mechanical properties, microstructural evolution,
and damage mechanisms of AA7075 alloy at elevated temperature is discussed in this section to highlight
elementary mechanisms and eventually establish process-microstructure-property-damage relationships.
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In this regard, tensile properties, the corresponding grain sizes and dimple sizes (with their standard
deviations) in various deformation conditions are listed in Table 3. It should be noted that samples
deformed at various conditions were ruptured at different strains. Although this fact may have an effect
on the accuracy of any comparisons based on the grain size measurements, such an analysis was still found
to be appropriate for capturing microstructural evolution and underlying mechanisms [20,29,46,47]. From
Table 3, it can be deduced that grain sizes of samples deformed at 200 ◦C under a strain rate of 0.01 s−1 are
similar to those reported before tension, while samples deformed at 400 ◦C under the strain rate of 0.01 s−1

are characterized by coarser grains and larger dimples. As discussed earlier, the growth of dynamically
recrystallized grains and coalescence of microvoids at a higher deformation temperature is thought to be
the main reason for such an observation [20,44]. Considering grain sizes of samples deformed at 350 ◦C
under various strain rates, and microstructures seen in Figure 5, at the same time, it can be concluded that
deformation of this alloy at higher rate seems to result in heterogeneous recrystallization [48]. Relatively
higher standard deviations in grain sizes of samples deformed at 350 ◦C with a strain rate of 0.1 s−1

compared with other deformation conditions also confirm the occurrence of non-homogeneous DRX.
During heterogeneous recrystallization, softening does not occur at the same time for all grains (lower
row in Figure 5). It is also worth noting that with the increase in grain size at 400 ◦C, tensile strength
drops. An inverse power-law relationship between the strength of metals and recrystallized grain size
was already reported [42,43].

Table 3. Summary of the tensile properties and the corresponding grain and dimple sizes of
thermo-mechanically processed AA7075 in various deformation conditions; standard deviations
with 80% confidence interval are provided in the table.

Condition Grain Size
(µm)

Dimple Size
(µm)

Tensile Strength
(MPa)

Elongation
(%)

As-received (AA7075-T6 aluminum alloy) 24 ± 8 - - -

Solution heat-treated material 23 ± 7 - - -

Sample processed in die with
a temperature of 24 ◦C 25 ± 10 - - -

Sample processed in die with
a temperature of 350 ◦C 22 ± 8 - - -

As-received tensioned at 200 ◦C
under 0.01 s−1 26 ± 10 12 ± 3 344 ± 9 14 ± 2

As-received tensioned at 350 ◦C
under 0.1 s−1 24 ± 15 14 ± 3 54 ± 5 25 ± 3

As-received tensioned at 350 ◦C
under 0.001 s−1 30 ± 9 15 ± 4 35 ± 3 22 ± 2

As-received tensioned at 400 ◦C
under 0.01 s−1 34 ± 8 20 ± 5 28 ± 3 12 ± 1

Solution heat-treated material tensioned
at 200 ◦C under 0.01 s−1 26 ± 9 11 ± 4 321 ± 8 27 ± 2

Solution heat-treated material tensioned
at 350 ◦C under 0.1 s−1 26 ± 11 12 ± 4 66 ± 6 33 ± 4

Solution heat-treated material tensioned
at 350 ◦C under 0.001 s−1 31 ± 10 15 ± 5 39 ± 4 25 ± 3

Solution heat-treated material tensionedat 400 ◦C under 0.01 s−1 37 ± 9 18 ± 7 37 ± 3 24 ± 3

Sample processed in die with a temperature of 24 ◦C tensioned at
200 ◦C under 0.01 s−1 25 ± 9 13 ± 3 353 ± 8 13 ± 2

Sample processed in die with a temperature of 24 ◦C tensioned at
350 ◦C under 0.1 s−1 23 ± 12 14 ± 5 81 ± 6 26 ± 2

Sample processed in die with a temperature of 24 ◦C tensioned at
350 ◦C under 0.001 s−1 29 ± 9 17 ± 7 47 ± 5 24 ± 3

Sample processed in die with a temperature of 24 ◦C tensioned at
400 ◦C under 0.01 s−1 32 ± 9 19 ± 6 42 ± 3 27 ± 4

Sample processed in die with a temperature of 350 ◦C tensioned
at 200 ◦C under 0.01 s−1 24 ± 8 21 ± 8 199 ± 7 25 ± 2

Sample processed in die with a temperature of 350 ◦C tensioned
at 350 ◦C under 0.1 s−1 23 ± 14 14 ± 5 64 ± 4 38 ± 3

Sample processed in die with a temperature of 350 ◦C tensioned
at 350 ◦C under 0.001 s−1 33 ± 8 16 ± 5 37 ± 2 33 ± 4

Sample processed in die with a temperature of 350 ◦C tensioned
at 400 ◦C under 0.01 s−1 33 ± 9 22 ± 7 39 ± 3 30 ± 2
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Process-microstructure-property relationships are highlighted schematically in Figure 9.
The schematic detailing microstructural evolution upon thermo-mechanical treatment as well as
elevated temperature tensile tests depicts every single step. As detailed earlier, hot forming and
quenching within forming dies at various temperatures led to the different cooling rates and eventually
changes in the supersaturation level. As a result, precipitates formed in the following aging process
differ in morphology and size. During the hot forming process, dislocation density is expected
to increase as shown schematically in Figure 9. This behavior could accelerate and influence the
precipitation kinetics during aging treatment. At the lowest tensile temperature of 200 ◦C, the main
softening mechanism in thermo-mechanically processed AA7075 alloy was found to be DRV leading to
the formation of substructures. At 400 ◦C, however, deformation temperature is sufficiently high for
the occurrence of DRX and the subsequent growth of recrystallized grains. It should also be noted
that the coarsening of fine precipitates can take place because of the further heating of the sample
processed in the cold die during elevated temperature tensile tests. Further in-depth microstructural
analysis needs to be carried out by high-resolution transmission electron microscopy to experimentally
establish the mechanisms and relationships explained in this section. However, such analysis is beyond
the scope of present work and, hence, will be subject of follow-up studies.
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4. Conclusions

High temperature characteristics of thermo-mechanically processed AA7075 alloy were explored
in the temperature range of 200–400 ◦C and the strain rate range of 0.001–0.1 s−1. The following
conclusion can be drawn:

(i) Room temperature tensile tests and microstructural analysis reveal that the die temperature in
the forming process of AA7075 alloy substantially affects the strength and ductility because of
the formation of precipitates with different sizes and morphologies. Higher die temperatures
resulted in the formation and segregation of coarse precipitates alongside the grain boundaries
and, hence, precipitates formed were found not to be suitable for strengthening of the material.
On the contrary, the material formed in a cold die showed mechanical properties similar to those
of the T6 condition due to the formation of fine and well-dispersed precipitates in the subsequent
aging treatment.
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(ii) The flow behavior of AA7075 alloy in all processing states was significantly affected by the
deformation temperature and strain rate. Higher deformation temperatures and lower strain
rates led to the drop of tensile strength values, attesting the occurrence of softening mechanisms
at elevated temperature.

(iii) OM and SEM analysis of specimens revealed that DRV is the dominant softening mechanism at
lower deformation temperature, while DRX took place in case of samples deformed at 400 ◦C.
Besides, a higher deformation temperature promotes the growth of dynamically recrystallized
grains. Fracture analysis also showed that the sizes of microvoids and dimples are enlarged with
the increase in deformation temperature and decrease in deformation rate.
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