Technical Physics, 2024, Vol. 69, No. 8

06

The mechanical properties of metal-matrix composites Al-Mg processed
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Introduction

Light alloys based on aluminum and magnesium are
widely used as structural materials in the aerospace, au-
tomotive and electronics industries [1,2]. The demand for
these materials is constantly growing, and the improvement
of the properties of alloys based on the system of Al-Mg
(magnalium ) [3], primarily mechanical, is an urgent task.
These alloys are not heat-strengthened, and therefore the
main approach to improving their strength properties is
strain hardening. In recent years, numerous studies have
demonstrated that severe plastic deformation (SPD) by
high pressure torsion (HPT) significantly increases the
strength characteristics of most aluminum alloys due to the
formation of nanocrystalline and ultrafine-grained structures
in them [4]. At the same time, the analysis of hardening
mechanisms results in the understanding of the fundamental
limitations for known alloys. At the same time, it opens up
opportunities to achieve even higher strength characteristics
of magnaliums by improving existing and creating new
metal matrix composites (MMC) of the Al-Mg system
with a higher magnesium content (over 13 mass.%), since an
increase of the content of this dopant significantly increases
the strength of the material [5]. So, each percentage of
magnesium in magnaliums results in an increase of the
value of the ultimate strength by 30MPa [3]. Powder
metallurgy methods commonly used for mechanical alloying
and composite materials production are multi-stage and
lead to unavoidable contamination of components and,
ultimately, do not ensure high strength characteristics [6].
There are other methods of manufacturing aluminum-based
MMC, for example, metal melt impregnation of a porous

billet from the dispersed phase, casting composites in
which the reinforcing frame is formed from eutectic and
intermetallic particles [7], spray molding, injection molding
or mixing [8], cumulative rolling [9], explosion welding [10],
friction stir welding , etc. All these methods involve, as
a rule, the use of relatively low pressures and elevated
temperatures for a long time. On the contrary, HPT is
based on extremely large plastic deformation under quasi-
hydrostatic conditions and is characterized by the greatest
shear deformations in the material without destruction
for a short period of time, which makes it possible
to obtain nanocrystalline and ultrafine-grained structures
even in low-plastic materials at room temperature [11,12].
Significant hardening as a result of SPD is ensured by
the combined action of several mechanisms such as grain
boundary, dislocation, solid-solution and dispersion harden-
ing [3].

Previous studies have shown that MMC obtained by
the HPT method have improved mechanical and physical
properties in comparison with MMC obtained by the
conventional method, which makes them promising for
further R&D activities [10-12]. Such MMC are often
referred to as metal hybrids since the HPT method
allows combining dissimilar metals at room temperature
to form formation of heterogeneous structures in cross-
section characterized not only by a gradient distribution of
grain size from the larger grains in the center to ultrafine
grains in the periphery, by a heterogeneous distribution
of secondary phase particles, but also by a heterogeneous
distribution of many structure-sensitive properties, such as
microhardness [13]. This method was used for fabrication
of metal matrix composites based on Al-Cu [13-16],
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Al-Ti [13,17,18], Al-Mg [13,19-21] and other various
systems including even such compositions as Al—Nb, which
is difficult to obtain by fusion because of the significant
difference of melting temperatures [22]. The main advantage
of HPT processing is the possibility of obtaining composites
without contamination and residual porosity in one process
step at room temperature. The introduction of hardening
particles into composites, for example, Al,Os, improves the
complex mechanical properties of composites in comparison
with aluminum, in particular, the wear resistance [23].
The paper [24] describes the fabrication of MMC using
the SPD method with SiC particles for hardening of
the aluminum matrix. = The resulting material showed
increased hardness and elastic modulus compared to pure
aluminum. The introduction of TiB, nanoparticles into the
aluminum matrix composite not only improves the thermal
stability of the composite and prevents grain growth during
heating, but also allows achieving high elongations in the
superplasticity mode [25]. There is evidence that composites
with inclusions of graphene and carbon nanotubes made
by the HPT method demonstrate increased strength and
ductility compared to aluminum [26,27]. In general, these
studies demonstrate the potential of HPT as an effective
method for obtaining MMC with improved mechanical
properties, and the use of various reinforcing particles and
processing parameters by SPD methods can result in further
improvement of the MMC properties.

At the same time, the mechanical properties were
evaluated by microhardness measurements in most studies,
since the size of composite samples obtained by the HPT
method is small. The results of mechanical tensile tests
of proportional specimens cut out from MMC obtained by
the HPT method with different degrees of deformation are
presented in this paper along with microhardness data.

The aim of this paper is to study the evolution of the
microstructure and mechanical properties of a metal-matrix
composite of the Al-Mg system in case of deformation
by HPT method using an increased pressure of 8 GPa and
varying the speed from n = 10 to 100.

1. Materials and research techniques

The study materials were aluminum (ADO) with a grain
size of 10—30um and magnesium (MA2-1) with a grain
size of 10 um. The initial aluminum and magnesium billets
were cut out in the form of disks with a diameter of 12 mm
and a thickness of 1 and 0.3mm, respectively. Disk
blanks were pre-ground to remove dirt and obtain a smooth
surface: aluminum blanks were ground in running water,
magnesium blanks were ground in ethyl alcohol. Intense
plastic deformation by high-pressure torsion was applied
for obtaining samples of Al-Mg composite. Bridgman
anvils with recesses in their center of 0.25mm and a
diameter of 12mm were used in the experiment. The
initial metal billets were stacked in the form of a sandwich
in the sequence Al-Mg—Al Torsional deformation was
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performed at a press force equal to 1200 kN, which
corresponded to a pressure of at least 8§ GPa. The torsional
pressure remained constant. The speed of revolutions of
the anvils was set to 3 rotations per minute, the number
of rotations n ranged from 10 to 100. The specimens were
heated no higher than 100°C in the process of rotation up
to 100 rotations, [28]. Disk samples of composites with a
diameter of 12mm and a thickness of about 0.6—0.7 mm
were obtained as a result of deformation. Annealing was
performed at 275°C for half an hour. The samples were
placed in a preheated furnace, they were removed from the
furnace after the annealing time and were cooled in air.
The temperature and annealing time were selected based
on the analysis of differential scanning calorimetry data in
such a way as to ensure the primary recrystallization and
prevent the release of intermetallic phases, since such phases
cause embrittlement of the composite, which was previously
revealed by us [21].

Microstructure, chemical and phase compositions, and
microhardness measurements were performed on a cross-
section of composite samples. Disk samples (after defor-
mation) were cut along the diameter into two parts for
this purpose. The microstructure and phase composition
were studied using a Tescan Mira 3LHM scanning electron
microscope with EDX detector and Rigaku Ultima IV X-ray
diffractometer with Cu—K,-radiation. The phase composi-
tion was evaluated by the Rietveld method using the MAUD
software package. Microhardness was measured by the
Vickers method using MHT-10 Paar Physica microhardness
tester combined with Carl Zeiss optical microscope. The
load was set to 25g (0.25N). The diamond pyramid
indentation and exposure time was 10s. Experimental
data were processed with a confidence probability of 95%.
At the same time, the relative measurement error did not
exceed 10%.

Static tensile tests were performed to determine the
mechanical properties of composite materials of the AlI—-Mg
system obtained by HPT method. The geometry of the
samples close to the requirements of GOST 1497-84 was
specially developed for this purpose. Flat samples in the
form of a double-sided blade with a working part length
of 3 mm,a width of 1 mm, and a thickness of 0.55
mm were cut from disk samples with a diameter of 12
mm in the area between the center and the edge of the
sample. Special grippers were made for holding such
thin samples. This grippers allowed performing tests close
to the requirements of GOST 1497-84 and determining
the ultimate strength (o, [MPa]) and elongation (5, [%])
of the composite samples. The tests were performed
on an electromechanical universal testing machine CMT-3
(Liangong Testing Technology Co) at room temperature
with a strain rate of 5.5-10°s~! until sample destruction.
Four samples were tested for each structural state. The
relative measurement error did not exceed 3%.
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2. Findings and discussion

2.1. Evolution of composite microstructure in
case of torsion under high pressure

Figure 1 shows cross-sectional images of composites
obtained by torsion of three-layer Al-Mg—Al billets at 10,
50, and 100 anvil rotations. The light areas in the
scanning electron microscope images correspond to the Al-
based phase, while the dark areas correspond to the
lighter Mg-based phase. It can be seen that the samples
of all the obtained composites do not contain pores and
cracks. The initial three-layer structure was significantly
transformed as the layers were fragmented and mixed. In a
sample with a lower number of rotations (n = 10), a two-
phase structure is observed throughout the entire volume
of the material, and the Mg-based phase has the form of
layered fragments that are larger and located densely in
the middle of the central zone of the disk sample and
smaller, distributed more uniformly on the periphery. This
reallocation is attributable to the fact that the shear strain
depends on the distance from the center in case of HPT
and is described by the formula [12]

2anR

where n — the number of rotations of the anvil, R and h —
distance from the center and thickness of the sample,
respectively. This means that the minimum shear strain
occurs in the center of the disk, and the maximum
is at its periphery. This dependence determines the gradient
distribution of structural elements in the disk sample.

1 1 1
-6 54 -3-2-101 2 3 4 5 6

n =100, T=275°C_

| | | | | 1 ) |
-6 54 -3 -2-101 2 3 4 5 6
mm

Figure 1. SEM images (BSE mode) of the cross-section of
samples of composites of the Al-Mg system obtained by HPT
method with different rotations: n = 10, 50 and 100, as well as
after annealing at 275°C of the composite AlI-Mg obtained with
the number n = 100.

Figure 2. SEM images (BSE mode) of the cross-section of the
peripheral zone of the composite of Al-Mg system obtained by
HPT method at n = 100 rotations before annealing (a) and after
annealing at 275°C (b).

The degree of deformation increases in the entire sample
with an increase of the number of rotations (n= 50),
according to the above formula, but it is greater in the
peripheral zone, where fragments of Mg-based layers are
almost completely dissolved (n= 50, Fig. 1). Almost the
entire sample contains only the Al-based phase at the
maximum number of rotations (n = 100) and a completely
homogeneous structure is observed.  Few fragmented
magnesium salts are observed in aluminum only in the
central part with a width of about 1 mm (Fig. 1). Studies
using energy-dispersive X-ray spectroscopy indicate that the
Mg distribution in the Al matrix turned out to be uniform
and approached 5 weight%. After annealing at 275°C, the
macrostructure in the composite with the maximum degree
of deformation (n = 100) practically does not change.

Images taken with higher magnification on the composite
periphery (n = 100) indicate the initial stage of dynamic
recrystallization — recrystallized grains, the average size of
which does not exceed 300nm, occupy a small volume
of the composite (Fig. 2,a), forming a mixed structure.
Clearly distinguishable bends of structural elements are
associated with the development of rotational modes of
shear deformation at the boundaries of metal joints with
different elastic and strength parameters. A more detailed
description of rotational modes in multilayer structures
that occur during shear under pressure is published in
the papers on composites of the Al—Cu system [29,30].
The traces of rotational modes disappear after annealing
at 275°C, the grain size increases to 2um, and the
grain boundaries become straight, which is attributable to
static recrystallization in the composite during annealing
(Fig. 2, b).

Microstructural observations are confirmed by X-ray
diffraction data. Figure 3,a shows fragments of diffrac-
tograms in the range of angles 36—39° recorded from the
cross-section of composites obtained at n = 10, 50 and 100.
Figure 3,b shows diffractograms of the same composites
annealed at 275°C. It is well seen that there are practically
no diffraction maxima corresponding to pure Mg in the
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Figure 3. Fragments of the diffraction pattern and phase composition of composites of Al—Mg system obtained at n = 10, 50 and 100

rotations before annealing (this is ) and after annealing at 275°C (b).

composites (Fig. 3,a), and the maxima corresponding to
Al have transformed into doublets, and there are blurred
diffraction maxima to the left of the main lines along with
clear reflections from pure aluminum Al(111) (Fig. 3,a).
These reflections seem to be related to the formation of a
solid Mg solution in Al The shift of the diffraction maxima
from the solid solution towards smaller angles indicates an
increased value of the lattice parameter and corresponds
to the known data [31,32]. An increase of the degree of
deformation with an increase in the number of rotations
leads to further fragmentation of Mg inclusions and their
dissolution in Al. This process is accompanied by a decrease
of the intensity of reflection from pure aluminum Al(111)
and an increase of the intensity of diffraction maxima of the
solid solution (Fig. 3,a).

Intermetallic phases are often formed during the inter-
action of two metals [33,34]. However, phase formation
depends on the solubility region in the binary system,
the atomic diffusion coefficients, thermodynamic parame-
ters,and the time of the process. The growth of a particular
phase depends on the diffusion coefficient of atoms inside its
lattice and in neighboring phases from the diffusion point of
view, when two phases are adjacent to each other. The rate
of diffusion depends, among other things, on the grain size,
vacancy density, and dislocations. A significant density of
pointed and linear defects is generated under conditions of
intense shear deformation, which significantly changes the
diffusion kinetics of the components. In addition, each atom
of one component is surrounded by the maximum number
of atoms of the other component in systems with a negative
mixing enthalpy. In our case, the joint deformation of Al
and Mg under conditions of quasi-hydrostatic compression
without external heating leads to the diffusion of Al into Mg
and Mg into Al, which is followed by the formation of
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a solid solution of variable composition, covering, with
increasing degree of deformation, larger volumes of material.
This is associated with a decrease of the intensity of
reflections from pure aluminum Al (111) and an increase
of the intensity of the blurred peak of the Al—Mg(111)
solid solution with an increase of the degree of deformation
(Fig 3, a).

As a result of subsequent annealing, a clear diffraction
maximum corresponding to an Al solid solution with 5%
Mg (Alp.9sMgp.o5) and a small maximum associated with Al
with 8% Mg (Aly.924Mgo.076) are formed on diffractograms
of composites obtained by turning the anvil by 50 and 100
rotations, along with reflection from pure Al (Fig. 3,5).
The content of pure Al turned out to be about 6% in
the sample n= 100 after annealing and the proportion of
solid solution exceeded 90%. The expected noticeable
diffraction maxima from the intemetallic phases were not
detected. It should be noted here that intermetallic
phases B-AlzsMg, and p-Al;;Mgi7, located predominantly
along the Al/Mg interfaces, were found in the com-
posite obtained by using a lower number of rotations
(n < 50), as in our previous paper [21], where lower
pressure and speed were used(P = 5GPa, n=10). Sim-
ilar results were previously presented in the papers of
M. Kawasaki [13,20] in Al-Mg composite obtained at
a pressure of 6 GPa and 20 anvil rotations, where the
formation of intermetallic phases (mainly Al;;Mg;7; and
a small fraction of Al3Mg,), as well as the formation
of a solid solution of Al with 7% Mg after annealing
at 300°C.

Thus, when the number of rotations is increased
to N=100 and a pressure of more than 8 GPa is used,
it is possible to form a nanocrystalline structure consisting
mainly of pure aluminum and a solid solution. After
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Figure 4. Microhardness distribution in Al—Mg composite obtained by HPT method with different number of rotations before annealing
and after annealing at 275°C for 30 min (a), microhardness distribution in pure Al and Mg in the initial coarse-grained state and after HPT

(n = 10) (b).

annealing, almost the entire composite is a solid solution
of Mg in Al, and X-ray diffraction patterns do not detect
the presence of inclusions of intermetallic phases.

2.2. Evolution of composite microhardness in
case of torsion under pressure

The microhardness (HV) of composites obtained at dif-
ferent degrees of deformation was measured for evaluation
of the composite hardening, as well as to visually reveal its
macroscopic homogeneity. The microhardness distribution
along the diameter measured in the middle part of the
composite cross-section before and after annealing is shown
on Fig. 4,a. The microhardness values for pure Al and Mg
in the initial coarse-grained state, as well as those subjected
to HPT with n = 10 are given for comparison in Fig. 4, b.

It is clearly seen that the composite HV practically does
not differ from pure aluminum HYV after a slight deformation
(n = 10). The values of the composite HV increase almost
by 3 times with an increase of the degree of deformation
(n =50, 100), but the microhardness values are much
lower in the central zone of composites, and the diameter
of this zone decreases with an increase of the degree of
deformation, but it is not possible to achieve a completely
uniform microhardness distribution in the composite even
at N = 100 because the center zone is subject to weaker
deformation according to formula (1). It should be noted
here that the microhardness distribution in pure Al and Mg
is uniform, and the HV values are marginal for n = 10 [12].
This is consistent with the known data on the relationship of
microhardness after HPT with the homologous temperature

T/Tmerr (where T — deformation temperature, Tpey —
melting point) for a large number of pure metals [35].
Metals with T/Tperr > 0.4 undergo softening during HPT
process, while metals with T/Tper < 0.25 undergo signif-
icant irreversible hardening [36]. T /Tner =0.32 for Al
and Mg, and the process is reversed during HPT in these
metals, which reduces the level of internal stresses and does
not allow the material to strengthen above certain values,
but provides a relatively uniform distribution of HV [37].
Obviously, the high energy of stacking faults in pure
Al facilitates the transverse sliding of dislocations, which
ensures a high rate of recovery and a uniform distribution
of HV. In contrast to pure Al in aluminum alloys, the
energy value of stacking faults is lower and the recovery
processes occur at lower speeds. Therefore, the recovery
and relaxation of internal stresses does not occur at the
required rate, and a significant increase of HV is observed
in composites obtained at n =50 and 100, where a solid
solution of Al-Mg was formed as a result of significant
mutual diffusion of Al and Mg.

It should be noted here that the obtained HV values
for composites obtained at a high degree of deformation
(n =50 and 100) significantly exceed the HV values for
pure Al and Mg. This does not agree with the empirical rule
of additivity for laminar structures [38], according to which
the HV of a composite is determined by the volume fraction
and HV of individual components and cannot exceed the
HV of the strongest component. All this points to different
hardening mechanisms in composites and pure metals.

In pure metals, the main contribution to hardening,
along with point and linear lattice defects, is made by
grain boundaries [5] — Hall—Petch strengthening mech-
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anism [39,40], according to which the yield strength is
inversely proportional to the grain size. This contribution
for pure Al and Mg is limited due to the relatively high
homologous temperature. At the steady-state stage of
deformation in HPT, the grain size and, consequently, the
hardness remain constant due to the balance between the
accumulation of dislocations and grain grinding, on the
one hand, and the annihilation of dislocations and the
destruction of grain boundaries, on the other hand [37].
Such an equilibrium is achieved even with a small number
of rotations, and after torsion by 3—4 rotations, the HV
diameter distribution in pure Al becomes uniform [36).

In nanostructured aluminum alloys, as in pure Al, the
main mechanism of hardening is attributable to the grain
size. Additionally, there are mechanisms of deformation,
solid-solution hardening and hardening due to dispersed
inclusions. Therefore, higher HV values are achieved in
composites obtained at high degrees of shear deformation
(n= 50 and 100), where mutual diffusion of components
occurred and a solid solution was formed, and it first occurs
at the periphery of the composite, where the degree of
deformation is maximum, and then the zone of high the
hardness distribution extends to the center of the sample
with an increase of the degree of deformation.

Thus, the use of high pressure (~ 8GPa) and a large
number of rotations (up to n= 100) in the HPT process
made it possible to obtain composites of the Al-Mg system
with a homogeneous structure in almost the entire volume
of the disk sample, with the exception of the central zone
with a diameter of not more than 2mm. This result
was not achieved in earlier studies in Ref [41-43] at
pressures 5—6 GPa and at a lower number of rotations, and
the composites of Al-Mg system had an inhomogeneous
structure with a gradient distribution of both grain size and
phase composition.

2.3. Mechanical properties of composites of
Al—Mg system

The table shows the results of mechanical tensile tests
at room temperature of samples of composites of Al—-Mg
system obtained at n= 10, 50 and 100 before and after
annealing. For comparison, the table also shows the results
obtained for samples of pure Al and Mg in the initial
coarse-grained state and after HPT with the number of
rotations N = 10. The maximum tensile strength (op)
is demonstrated by Al-Mg composite obtained with the
number of rotations n= 100, which is slightly less than
the strength of the composite with the number of rotations
n = 50. The value UTS of about 600 MPa obtained after
HPT corresponds to the strength of high-strength aluminum
alloys in the nanostructured state [5] and significantly
exceeds the strength of pure Al and Mg (see table), as
well as the strength of composites Al-Mg obtained earlier
using a lower pressure and degree of deformation [21].

It is known that an increase of strength by deformation
methods is usually accompanied by a drop of tensile elon-
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Mechanical tensile properties (tensile strength, UTS, [MPa]
and elongation, &, [%]) at room temperature of composites of
Al—Mg system obtained by HPT method with different number
of rotations (n) before annealing and after annealing at 275°C
for 30 min, and properties of pure Al and Mg in the initial coarse-
grained state and after HPT

Quantity
Material Condition Revs (n) | UTS, MPa | §, %
during HPT

10 189 33
Al—Mg HPT 50 400 0.1
100 604 0.5
10 121 1.8
Al-Mg | HPT+annealing 50 141 11.6
100 360 12.7
Al Initial — 66 57.0
Al HPT 10 230 9.3
Mg Initial — 183 10.1
Mg HPT 10 237 0.2

gation. This statement is valid for the AlI-Mg composites
obtained at n = 10 and 50. It can be seen (see table) that
an increase of the number of rotations from n= 10 to 50
ensures an increase of the strength of the composite, but
results in a decrease of elongation from 3.3% to almost
zero value (0.1%). Not only a further increase of the
strength of the composite is observed in the case of Al-Mg
composite obtained at n = 100, but also the occurrence of
some elongation (0.5%) compared to Al-Mg composite
obtained at n = 50.

It is believed that nanostructured metallic materials have
high flow stresses, but a low hardening rate due to the
inability of nanocrystalline or ultrafine-grained grains to
accumulate mobile dislocations, and the microstructure
has a higher plasticity, providing more places for the
accumulation of dislocations [44]. An important role in the
dynamics of the dislocation distribution during deformation
can also be played by various types of point defects, which
are present in large quantities in metal lattices during intense
deformation effects [45-47).

The ductility of the material is important primarily for
application tasks as it is important both for shaping oper-
ations and for preventing fatigue failures during operation.
Therefore, annealing was carried out at 275°C, after which
the grain size in Al-Mg composite with n = 100 increased
from 0. 3 to 1 um (Fig. 2,b), and both Al-Mg composites
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Figure 5. Effect of the number of rotations n in case of HPT on
the microhardness and tensile strength of Al—Mg composites.

(n=50 and 100) exhibited an elongation of about 12%.
It should be noted that Al-Mg composite obtained at
n= 100, as well as in the case before annealing, has a
higher elongation value compared to Al-Mg composite
obtained at n= 50, 12.7% and 11.6%, respectively. How-
ever, the value of the ultimate strength of the annealed
Al-Mg composite with n= 100 exceeds the value of
the ultimate strength of the annealed Al-Mg composite
with n = 50 by 5.6%.

Measurements of microhardness and tensile strength on
a series of composite samples obtained at the number of
rotations from N = 10 to 100 are shown in Figure 5. The
microhardness values in the graph of the HV dependence
on the anvil speed are obtained from measurements at a
distance of 4 mm from the center of the disk samples,
which corresponds to the working area of proportional
tensile samples used for measuring UTS. The graphs in
Figure 5 show a good correlation between microhardness
and tensile strength. The increase of the number of rotations
to n=40 results in a significant increase of both HV
and UTS. Further increase of the speed to n = 80 provides
only a small increase of strength characteristics. No changes
are observed at Nn=90 and 100, which indicates the
achievement of critical stresses and the steady-state stage
of deformation, when the grain size and, consequently,
strength characteristics practically do not change.

Conclusion

The example of light metal matrix composites of Al—Mg
system obtained by intense plastic torsional deformation on
Bridgman anvils was used to demonstrate that it is possible
to obtain a high-strength state with a tensile strength of
about 700 MPa by applying a high pressure of 8 GPa and
a speed of 50 to 100 rotations which is attributable to

the formation of a mixed partially recrystallized structure
consisting mainly of pure aluminum and a solid solution
of Mg in Al during intense deformation. A heterogeneous
structure is formed in case of deformation with a number
of rotations of 10. This structure consists of individual
Mg interlayers in the Al matrix, the ultimate strength
of such a composite is about 200 MPa. The increase
of the microhardness and strength of composite samples
after deformation is associated with the action of several
hardening mechanisms-grain boundary, solid-solution, and
dispersed hardening due to the occurrence of dispersed
intermetallic phases, and the first two factors play a major
role in the increase of the microhardness and strength
of Al-Mg composites obtained with a high degree of
deformation under torsion with 50 to 100 rotations.

Additional low-temperature heat treatment is necessary
for obtaining a structural state with some plasticity. A
homogeneous fine-grained structure of the solid solution
is formed without embrittling intermetallic inclusions as a
result of annealing at 275°C of samples deformed with a
number of rotations from 50 to 100.

Thus, taking into account the previous experiments, it is
possible to conclude that the varying of the deformation
modes by selecting the pressure and speed and subsequent
heat treatment allows obtaining a wide range of structural
states with different levels of mechanical properties of the
composite based on Al and Mg. A significant result is
the found range of degrees of deformation corresponding
to torsion at 50—100 rotations and ensuring the formation
of a homogeneous structure at a given increased pressure
of 8GPa with a high level of mechanical properties
corresponding to high-strength aluminum alloys, practically
over the entire volume (with the exception of the stagnant
zone).
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