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Introduction

High-pressure torsion (HPT) is one of the most effective
severe plastic deformation (SPD) techniques for refining the
microstructure and reducing the grain size of metallic materials.
In this process, a specimen is subjected to a high compressive
pressure  while  simultaneously  undergoing torsional
deformation. The combined action of compressive loading and
torsional strain introduces an extremly large plastic
deformation, leading to significant microstructural refinement
and consequent improvements in the mechanical properties.
One of the objectives of this research is to investigate the effect
of the processing sequence of aging treatment and high-
pressure torsion on the microstructure and mechanical
properties of AA7075 aluminum alloy. Specifically,«the
microstructure and mechanical properties of specimens that are
first aged and subsequently processed by HPT will be compared
with those of specimens that are first processed by HPT and
then subjected to aging treatment. This comparative study aims
to clarify the influence of the processing sequence on the
evolution of microstructure and the: resulting mechanical
performance of the alloy.

Materials and Methods

Sheets of AA7075 aluminum alloy with a thickness of 3 mm
were used as the starting -material. Circular discs with a
diameter of 10 mm were fabricated from the sheets using wire
electrical discharge machining (wire-EDM)./After cleaning, the
specimens were divided into two groups: (i) solution-treated,
aged, and subsequently ‘processed by high-pressure torsion
(designated as SAH), and (ii) solution-treated, processed by
high-pressure torsion, and subsequently aged (designated as
SHA). The solution treatment 'was carried out by heating the
specimens in an electric heat-treatment furnace at 480 °C for 1
h, followed by water quenching. Artificial aging was performed
at 120 °C for 24 h. High-pressure torsion was conducted using
a quasi-constrained HPT facility (Fig. 1). The lower anvil
rotated at a speed of 1 rpm, while a compressive pressure of 6
GPa and 5 revolutions were applied during processing. After
HPT, disc-shaped specimens with a diameter of 10 mm and a
thickness of approximately 1 mm were obtained.

The mechanical properties of the processed specimens were
evaluated by uniaxial tensile testing. Owing to the limited
specimen dimensions, miniature tensile specimens were

employed. The crosshead speed during the tensile test was 1
mm/min.  Vickers microhardness,. measurements were
performed using a load of 100 gf with a dwell time of 10 s.

Fig. 1 a).The set used to perform the HPT process, b) The set of dies used to
perform the HPT process

Results and discussion

Figures 2a. and 2b present the transmission electron
microscopy (TEM) images of the microstructures of the SAH
and 'SHA specimens, respectively. The images clearly reveal
the/ultrafine grains together with dark particles, which are
attributed to MgZn, (n-phase) precipitates. As can be observed,
both processing routes produced an ultrafine-grained
microstructure with average grain sizes below 100 nm. The
average grain size was approximately 65 nm for the SHA
specimen and 78 nm for the SAH specimen. Previous studies
have identified dynamic recovery and dynamic recrystallization
as the primary mechanisms responsible for grain refinement
during HPT [1]. During HPT, the specimen experiences an
extremely large shear strain. Since dislocation density increases
with increasing plastic strain, the imposed deformation results
in a rapid multiplication of dislocations. According to
Rosochowski [2], as the dislocation density increases,
dislocations of opposite signs annihilate each other to reduce
the system's free energy, while dislocations with the same sign
rearrange on different crystallographic planes to form low-
angle subgrain boundaries with misorientation angles below
15° within the original coarse grains. With continued
deformation, the misorientation across these subgrain
boundaries gradually increases until they transform into high-
angle grain boundaries. Consequently, the original grains are
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subdivided into ultrafine grains, leading to a refined
microstructure. This grain refinement mechanism is commonly
referred to as continuous dynamic recrystallization.

a) [ 5 CSRIY)
Fig. 2 TEM images of the studied specimens, a) SAH and b) SHA.
An important observation from Fig. 2 is the difference in the
size and distribution of the MgZn, (n-phase) precipitates
between the SAH and SHA specimens. As shown, the SHA
specimen contains finer precipitates with a more homogeneous
distribution throughout the microstructure. Grain boundaries
and high-energy defects, such as dislocation intersections and
dislocation tangles, are preferential nucleation sites for
precipitation during aging. Since the SHA specimens were first
subjected to HPT, they possessed an ultrafine-grained
microstructure with a high grain boundary volume fraction and
a large number of high-energy defects prior to aging.
Consequently, the subsequent aging treatment provided
numerous preferential nucleation sites for the formation of'm
precipitates, resulting in a high number density of fine,
uniformly distributed precipitates. In contrast, in the SAH
specimens, aging was performed before HPT processing, when
the density of preferential nucleation sites was considerably
lower. As a result, precipitation occurred at fewer nucleation
sites, promoting the formation of coarser. precipitates with a
lower number density. Figure 3 presents the X-ray diffraction
(XRD) patterns of the SAH and SHA specimens. The
diffraction peaks corresponding to the aluminum matrix and the
MgZn, (n-phase) precipitates are clearly observed. in both
specimens. It is evident that the diffraction intensity of the n-
phase peaks is higher for the SAH specimen-than for the SHA
specimen. This difference can be attributed to the larger size
and higher diffraction volume of the 1 precipitates in the SAH
specimen.
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Fig. 3 X-ray diffraction patterns of the SAH and SHA specimens.

The engineering stress—strain curves of the SAH and SHA
specimens are presented in Fig. 4a. The hardness distribution
along the radius for SAH and SHA specimens are also depicted

in Fig. 4b. As shown, both the yield strength and ultimate
tensile strength as well as hardness of the SHA specimen are
higher than those of the SAH specimen. The superior strength
and hardness of the SHA specimen can be attributed to the
greater resistance to dislocation motion within its
microstructure. In general, an increase in the density and
effectiveness of obstacles to dislocation movement restricts
dislocation glide, thereby enhancing the strength and hardness
of the material. As discussed in relation to Fig. 2, the n-phase
precipitates in the SHA specimen are finer and more uniformly
distributed, whereas those in the SAH specimen are relatively
coarser and more widely spaced. For a given precipitate volume
fraction (f), reducing the precipitate size (a) decreases the
interparticle spacing (1), as expressed by Eq. 1. According to
the Orowan-Ashby strengthening mechanism (Eq. 2)), a
smaller interparticle spacing increases the resistance to
dislocation bypass, thereby resulting in.a-greater strengthening
effect (Ao) [3].

1= 4(1;]’)11 o
_0.13Gb , a
Ao ==——Ing &)

In Eq. (2), b and G denote the Burgers vector and the shear
modulus of the material, respectively.
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Fig. 4 a) Engineering stress-strain curve of SAH and SHA specimens. b)

Hardness changes with distance from center for SAH and SHA specimens.

Conclusion

In SHA samples, due to the priority of torsion under high
pressure, many preferential sites for precipitates formation are
created. This leads to a more uniform distribution of
precipitates in SHA samples compared to SAH samples. That
is, precipitates in SHA samples are smaller in size and closer
together. The more uniform distribution of precipitates in SHA
samples increased the hardness and strength of these samples
compared to SAH samples.
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The Effect of Aging and High Pressure Torsion
Sequences on the Properties.of Al7075 Alloy

Bardia Behmardi sharifabad, Mahmoud Abbasi, Mostafa Ketabchi

Abstract- This study investigates the impact. of the sequence of high-pressure torsion (HPT) processes and subsequent aging on the
microstructure and mechanical properties of aluminum.alloy 7075. Samples of Al7075 underwent heat treatment and mechanical processing under
two different conditions: solid solution-aging-high-pressure torsion (SAH) and solid solution-high-pressure torsion-aging (SHA). Phase
identification was conducted using X-ray diffraction (XRD), while hardness and uniaxial tensile tests were performed to evaluate mechanical
behavior variations. The findings revealed that the grain size for SHA samples was smaller (653 nm) compared to SAH samples (78+3 nm).
Furthermore, the distribution of precipitates (MgZn,) in SHA samples was more homogeneous than in SAH samples, leading to enhanced hardness
and strength in the SHA samples. The ultimate tensile strength reached 740+10 MPa for SHA samples, whereas SAH samples achieved
approximately 670+10_MPa. Overall, high-pressure torsion contributed to a significantly finer microstructure, increasing the preferred sites for
precipitate formation during.aging, Which in turn resulted in improved hardness and strength due to more uniform precipitate distribution.
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