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ABSTRACT: This study investigates the effect of high-pressure torsion extrusion (HPTE) as a severe
plastic deformation method on the mechanical properties and microstructure of AZ80 and ZK30 alloys.
By inducing high strains, HPTE significantly improves the microstructure and mechanical properties of
the samples. The alloys were initially produced by centrifugal casting and then subjected to HPTE at
room temperature. Shear punch tests and Vickers hardness tests were conducted to assess mechanical
properties, and the structure of the samples was examined using electron backscatter diffraction (EBSD).
The average grain size of AZ80 alloy decreased from an initial value of 5.10 pm to 2.40 pm, 3.52 pm,
and 3.33 pum for the v8w0.6, vSw1, and vlw]1 conditions, respectively. For ZK30 alloy, the grain size
reduced from 30.87 um to 6.51 um under the v6®0.6 condition. The final shear strength of AZ80 alloy
in the extruded sample was 157 MPa, and under HPTE at the v8w0.6 condition, it increased to 183 MPa.
As the w/v ratio increased, shear strength decreased. For ZK30 alloy, the shear strength in the extruded
sample was 147 MPa, and under HPTE at the v6®0.6 condition, it increased to 176 MPa, showing a 20%
improvement. The results indicate that HPTE improves the mechanical properties of both alloys due to
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grain refinement during the process.

1- Introduction

In recent years, ultrafine-grained (UFG) and
nanostructured metals have attracted considerable attention
due to their superior mechanical properties such as high
strength and improved ductility. Among various severe
plastic deformation (SPD) techniques, processes like Equal
Channel Angular Pressing (ECAP), High Pressure Torsion
(HPT), and Accumulative Roll Bonding (ARB) have
demonstrated great potential in refining grain size to the
submicron and nanometer range, significantly enhancing
material performance [1-5]. Despite the effectiveness of HPT
in producing nanostructures, its limitation in sample size
has restricted its industrial applications. To overcome this
issue, the High-Pressure Torsion Extrusion (HTPE) process
was introduced as a novel method combining HPT with
cyclic expansion extrusion, enabling the processing of larger
samples with higher accumulated strain [6]. In this study, the
HTPE process is applied to two magnesium alloys, AZ80
and ZK30, to investigate its influence on microstructure and
mechanical properties. Due to the hexagonal close-packed
(HCP) structure of magnesium, plastic deformation is more
challenging compared to FCC metals. The application of
HTPE provides an effective route to refine the grain structure
and enhance the mechanical behavior of these lightweight
industrial alloys.

*Corresponding author’s email: f.akbaripanah@gmail.com

2- Methodology
2- 1- Sample Preparation

High-purity magnesium, aluminum, zinc, manganese,
and zirconium (99.9%) were used to prepare AZ80 and
ZK30 billets according to standard weight percentages.
Magnesium was melted in a graphite crucible at 750 °C
using a flux (Magrex 36) to prevent oxidation. After adding
alloying elements and holding the melt for 20 minutes, the
mixture was stirred and cast using a rotational casting method
into preheated steel molds (200 °C) to minimize oxide
contamination. The billets (¥44 mm, 120 mm length) were
air-cooled and then hot-extruded to ¥12 mm using a 60-ton
hydraulic press at 380 °C and a speed of 15 mm/min with
MoS, lubricant. Final billets were cut to @12 mm x 35 mm
for HPTE processing.

2- 2- High-Pressure Torsion Extrusion (HPTE)

In HPTE, billets were deformed between two rotating and
pressing dies, ensuring full filling of die cavities and inducing
hydrostatic pressure through friction and geometry. The
process introduces severe shear deformation along the entire
length of the sample. The HPTE system (W. Klement GmbH,
150 tons) located at Karlsruhe Institute of Technology (KIT),
can operate between 20—400 °C. During the process, torque—
twist angle diagrams were recorded and temperature was
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controlled with =1 °C accuracy. Process parameters are listed
in Table 1.

2- 3- Metallography

After HPTE, samples (©10.6 mm x 0.8 mm thick) were
ground, polished with diamond paste, and etched using a
solution of 10 mg acetic acid, 4.2 g picric acid, 10 mL water,
and 70 mL alcohol. Microstructure analysis was performed
using a Scanning Electron Microscope (SEM) equipped
with EBSD (NordlysNano, Oxford Instruments) at Charles
University, allowing crystallographic orientation and grain
structure examination.

2- 4- Punch Shear Test

To evaluate mechanical properties, punch shear tests
were conducted at room temperature on ©@10.6 mm x 0.8 mm
discs using a Zwick test machine at KIT. Four samples of
each alloy were tested. A cylindrical punch applied force until
the sample failed. Force—displacement data were recorded to
determine peak force and energy absorption.

2- 5- Microhardness Test

To determine the final hardness, Vickers Microhardness
testing was carried out using a 100 g load for 10 seconds.
Multiple indentations were made across each sample surface,
and the average diagonal measurements of the imprints were
used to calculate the final hardness

3- Conclusions

In this study, the behavior of AZ80 and ZK30 alloys
was investigated using Vickers hardness tests, punch shear
tests, and grain size analysis through Electron Backscatter
Diffraction (EBSD). The results are as follows:

The grain size in all high-pressure torsion-extruded
samples is finer compared to the extruded state. The average
grain size of the extruded AZ80 alloy is 5.10 pm, which
after the high-pressure torsion extrusion process, is reduced
to 3.52 pum at the v5ml1 condition and 3.33 um at the vlol
condition. In the v8®0.6 condition, the average grain size is
2.40 pm, showing the minimum value. The results indicate
that decreasing the ratio of ®/v reduces the grain size and
improves the grain structure.

For the ZK30 alloy, after the high-pressure torsion
extrusion process, the grain size becomes finer. The average
grain size in the extruded sample is 30.87 pm, which
decreases to 6.51 um in the v6®0.6 condition, demonstrating
the positive impact of the high-pressure torsion extrusion
process in improving the grain structure and achieving a finer
microstructure.

For both alloys, the high-pressure torsion extrusion
process leads to an increase in final shear strength. The final
shear strength of the AZ80 alloy in the extruded sample is
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157.65 MPa, and under high-pressure torsion extrusion, it
increases to 183.63 MPa in the v8w0.6 condition. For the
ZK30 alloy, the final shear strength in the extruded sample
is 147.95 MPa, and it increases to 176.33 MPa in the v6®0.6
condition, showing an increase in final shear strength.

Processing magnesium alloy samples using high-
pressure torsion extrusion results in higher saturation
hardness compared to the channel angular pressing method.
This difference is primarily due to the reduction in average
grain size, which was measured using Electron Backscatter
Diffraction. The high-pressure torsion extrusion process can
produce similar microstructural and mechanical properties as
high-pressure torsion, but it is also applicable to bulk samples.
This process, by applying severe plastic deformation,
increases dislocation density and reduces grain size to reach
saturation hardness and strength. Therefore, the mechanical
properties observed in thin disks after high-pressure torsion
processing are expected to appear in ingots processed with
high-pressure torsion extrusion. One of the advantages of
this process is achieving a highly desirable microstructure
and high hardness values with a single pass. These features
make high-pressure torsion extrusion an efficient and suitable
method for industrial applications, particularly in enhancing
the strength of alloys and metals.
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Fig. 2. High-Pressure Torsion Extrusion (HPTE) device
at the Karlsruhe Institute of Technology.
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Fig. 5. Zwick machine for performing the punch shear
test at the Karlsruhe Institute of Technology
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Fig. 4. Schematic of the punch shear test dies
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Fig. 6. Grain size diagram for different regimes in AZ80 and ZK30 alloys
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Table 2. Average hardness values for AZ80 and ZK30 alloys
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Fig. 12. Measured Microhardness under 100 g load as a function of equivalent strain for both AZ80 and
ZK30 alloys under different conditions
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Table 3. Ultimate shear strength for AZ80 and ZK30
alloys
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Table 4. Hardness values and average grain size of AZ80 alloy processed by ECAP
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Table 6. Hardness and average grain size results for AZ80 and ZK30 aluminum alloys
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