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Abstract. This paper describes the routes to process conducting materials based on the Al-MgZr system combining high strength (UTS=267 MPa), electrical conductivity (over 57% IACS) and
heat resistance (up to 150°C). These properties in the alloy with 0.4 wt.% Mg and 0.2 wt.% Zr are
achieved through the formation of ultrafine-grained microstructure (UFG) by thermomechanical
treatment (TMT), including annealing, severe plastic deformation (SPD) via equal channel angular
pressing-Conform (ECAP-C) followed by cold drawing. The mechanical strength is enhanced by
the formation of ultrafine grains during ECAP-C and their additional refinement through cold
drawing. Also, ECAP-C and drawing result in the material strengthening due to increased
dislocation density. The annealing of the alloy prior to SPD is used to provide a good heat
resistance and high electrical conductivity via formation of nanoscale Al3Zr metastable precipitates
and, correspondingly decreasing the concentration of Zr atoms in the Al solid solution.

1. INTRODUCTION
Bare Aluminium Conductors Steel Reinforced
(ACSR) are widely used for power transmission in
overhead power lines [1,2]. However, lately All
Aluminium Alloy Conductors (AAAC) made of heat
hardenable Al-Mg-Si alloys like EN AW-6101 and
EN-AW 6201 are considered as a possible
alternative to ACSR [3-5]. As compared to
conventional ACSR conductors, AAAC have superior
corrosion resistance, better strength to weight ratio,
higher current carrying capacity, enable simpler
mounting, etc. [3]. In this regard, studies to enhance
the properties of Al-Mg-Si alloys have received much
consideration [4,6-10]. Recently, it has been found
that a new approach proposed in [11-13] is more

promising from the commercial point of view than
the application of conventional techniques like
modification of chemical composition and
thermomechanical treatment (TMT) parameters to
enhance the alloys’ properties. As to the new
approach, enhanced strength (UTS over 360 MPa)
and electrical conductivity (over 56% IACS) are
achieved through processing of controlled ultrafine
grained (UFG) microstructure via special TMT
including SPD process. AAAC conductors with such
a level of properties become even more attractive
for application in overhead power lines.
However, the main shortcoming of AAAC Al-MgSi conductors is that their maximum long-time
operating temperature is only +90 °C. This
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Table 1. Chemical content of the Al alloy (wt.%).
Mg

Zr

Fe

Si

Zn

(Ti+V+Cr+Mn)

Al

0.40

0.20

0.10

0.05

0.05

0.015

99.20

considerably reduces the conductors’ capacity due
to the increased risk of strength degradation.
To increase the service temperature of conductors
up to 150-230 °C [14], it is conventional to use Al-Zr
alloys with Zr content from 0.10 to 0.20 wt.%, and
in some cases above 0.3 wt.% [15-18]. Usually AlZr rods processed via combined casting and rolling
prior to cold drawing are subjected to t heat treatment
(HT) by annealing at 300-450 °C [16-19]. As a result,
nanoscale Al 3 Zr precipitates (metastable
modification L12) are formed in Al matrix, which
prevent microstructure degradation and accordingly
preserve wire current-conducting properties at
elevated operating temperatures. At the same time,
higher thermal stability of Al-Zr alloys is accompanied
by much lower strength (UTS from 159 to 248 MPa)
as compared to Al-Mg-Si alloys [14]. Therefore, it
seems particularly important to process Al alloys
with enhanced strength, thermal stability as well as
high conductivity suitable to produce AAAC
conductors holding much promise for the industry.
This area of research has attracted a great
interest in recent years. For example, in [20], the
Al-Zr alloy additionally alloyed with Sc to 0.2 wt.%
was proposed to be used as a conducting material
with enhanced physical and mechanical properties.
Semi-finished billets were processed with a
specialized TMT and demonstrated a UTS of more
than 210 MPa and electrical conductivity of ~ 60%
IACS. In [19, 21], Al-based alloys containing Zr, Mn,
Cu, and Si were subjected to a special TMT and
cold drawing, which resulted in a UTS in the range
of 275-320 MPa depending on the content of alloying
elements. The further annealing at 180 °C for 400
hours had a little effect on the alloys’ strength. At
the same time, the obtained conducting materials
have relatively low electrical conductivity (from 48
to 54% IACS), while the presence of copper requires
close control over their corrosive resistance.
It is important to note that the promising
mechanism to enhance both the mechanical
properties and the electrical conductivity of
conducting materials by formation of UFG
microstructure was left outside the scope of all the
above-mentioned studies. In a number of our recent
publications, we have demonstrated both a
considerable enhancement of mechanical properties

and the possibility to efficiently control electrical
resistivity and heat resistance as a result of UFG
microstructure generated in conducting materials
[22,23].
This paper presents the results of the first studies
observing the possibility to process Al-based
conducting materials with both enhanced strength
(like Al-Mg-Si alloys) and high electrical conductivity,
and heat resistance. A comprehensive approach
covered in the study combines a careful selection
of the alloy chemical composition and the formation
of controlled UFG microstructure via TMT including
SPD process.

2. MATERIAL AND EXPERIMENTAL
PROCEDURES
The Al-Mg-Zr alloy in the form of rods 9.0 mm in
diameter processed via continuous casting and
rolling with a chemical composition shown in Table
1 was used as the material for investigation. The
material for investigation was supplied by UC RUSAL
(Moscow, Russia).
An UFG microstructure in the material under
study was formed by equal channel angular pressingConform (ECAP-C). This SPD technique enables
to process an UFG microstructure, considerably
enhancing both mechanical and service properties
in long-length rods made of Al and Ti alloys [13, 2427], as well as in steels [28] as compared to similar
semi-finished products processed conventionally.
Besides, obtained rod billets can be easily
transformed into wire via rolling to produce
conductors, while their geometry enables to reliably
characterize both mechanical and service properties
of the material [14].
Prior to ECAP-C rods up to 1 m long were
subjected to a specialized HT, namely annealing at
385 °C. According to [16-19, 21], annealing of Al-Zr
alloys at the temperature up to 400 °C is the most
efficient way to process nanoscale Al3Zr precipitates
the average size and volume fraction enough to
suppress the degradation of microstructure and
properties of Al alloys at elevated service
temperature. Some other studies also noted that
annealing at a temperature below 400 °C can
somewhat enhance the strength of Al-Zr alloys
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through the implementation of precipitation hardening
mechanism [29, 30].
ECAP-C machine was used to process wire rods
under isothermal conditions at room temperature
(RT). Intersection angle of channels () constituted
120° at 5 mm/s ram speed with six processing
cycles corresponding to an equivalent (Von Misses)
strain of about 4 [31]. A wire rod was rotated around
the axis by +90° after each ECAP-C cycle (route
Bc). According to the previous studies [13,32,33], it
is the most efficient mode to form a homogeneous
UFG microstructure in Al alloys. ECAP-C treatment
resulted in the production of rods up to 1 m in length
with a square cross section of 8 Ń 8 mm.
Pilot wire samples 3.2 mm in diameter were
processed via cold drawing from billets subjected
to ECAP-C. Drawing resulted in the overall reduction
of ~ 85%.
Microstructural studies were performed using
transmission and scanning electron microscopy
(TEM and SEM) techniques. TEM investigations
were implemented using JEOL JEM-2100 electron
microscope at an accelerating voltage of 200 kV. To
study the microstructure, thin foils were produced
by jet polishing on Tenupol-5 machine with the
chemical solution consisting of 20% nitric acid and
80% methanol at a temperature of -25 °C and a
voltage of 15 V. At least 200 grains were measured
to determine a mean size of structural elements by
Grain-Size software. At least three foils were studied
per each state to obtain statistically reliable results.
The microstructure homogeneity as well as the
distribution of particles of secondary phases were
estimated by SEM using JEOL JSM-6490LV at an
accelerating voltage of 20 kV. The SEM is equipped
with the INCA X-sight attachment for energy
dispersive X-ray (EDX) analysis.
X-ray studies were performed using Rigaku Ultima
IV diffractometer by CuK irradiation (30 kV and 20
mA). The coherent scattering domain (CSD) size,
values of mean-square microdistortion of crystalline
lattice (<2>1/2) and a crystalline lattice parameter
were calculated using Rietveld analysis with the help
of MAUD software [34]. To estimate dislocation
density (), the outcomes of X-ray measurements
were used [35].
The Vickers hardness (HV) was measured on a
Micromet-5101 device with a diamond pyramid
indenter, a load of 0.3 kg (~2.94 N) and a dwell time
of 15 s. Data provided in the following sections are
the average of at least 15 measurements.
Mechanical testing was performed at room
temperature using Instron 5982 tensile testing
machine at a strain rate of 10-3 s-1. Strength (yield

strength (YS) and ultimate tensile strength (UTS))
and ductility characteristics (elongation to failure
(El.)) of rods were estimated based on tensile testing
of the samples with a cylindrical gauge section
having 3 mm in diameter and a length of 15 mm and
wire samples with a gauge section length of 250
mm were subjected to tensile testing to measure
their strength characteristics [14]. To obtain
consistent results, at least three samples were
tested per each data point.
Electrical resistivity of the material under study
was measured in straightened samples of at least
1 m long in a measured part [14,36].
Heat resistance of wire was determined on the
basis of UTS variation after annealing at 230 °C for
1 hour in accordance with [14].

3. RESULTS AND DISCUSSION
3.1. Selection of the alloy chemical
composition
The alloying elements and their content in the
material for investigation were selected based on
the following requirements: (i) UFG microstructure
shall be processed in the alloy via SPD to provide
the necessary strength level; (ii) the alloy shall
contain precipitates, and their size and volume
fraction shall ensure the stability of the UFG
microstructure preserving the strength of conductors
at elevated service temperature; (iii) the UFG alloy
solid solution shall contain a minimum number of
alloying element atoms, which have a profound effect
on the alloy electrical conductivity; (iv) the content
of alloying elements shall not allow the formation of
secondary phases, which have a notable effect on
the alloy operating characteristics, including
corrosion behavior at elevated temperature.
In this regard, Zr was selected as one of the
alloying elements. As shown in earlier studies [1618], the content of Zr shall be 0.2 wt.% to support
the operation of Al-Zr conductors at a service
temperature up to 150 °C. Also, in [16], it was found
that the decrease in Zr content in Al solid solution
down to 1 wt.% resulting from the formation of
nanoscale Al3Zr particles has only a slight effect on
electrical resistivity and increases it only by 0.4
nm/%wt.
Mg was selected as the second alloying element,
since its presence in Al alloys is well known to
considerably decrease a grain average size during
SPD [37-39] and, respectively, to notably enhance
the strength of the material. Also, Al electrical
resistance is almost unaffected by Mg concentration
up to 1 wt.% (no more than by 5.6 nm, according
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Fig. 2. Typical engineering stress—engineering
strain curves from tensile testing of the Al-0.4Mg0.2Zr alloy (1) in the initial state; (2) after heat
treatment at 385 °C, 120 h; (3) after ECAP-C
processing.

3.2 Properties and structure of the
alloy following a heat treatment
Fig. 1. Change in hardness and electrical resistivity
of the as-received Al-0.4Mg-0.2Zr alloy after heat
treatment at 385 °C over time.

to [40]). It is important to note that such a low Mg
content in Al-Mg alloys has no effect on their
corrosion behavior [41], which is of particular
significance to conducting materials, especially bare
conductors AAAC used in overhead power lines.
Based on this data, the content of Mg in the
alloy under study was selected to be 0.4 wt.%, which
doesn’t exceed its equilibrium concentration in Al
at room temperature [41]. At the same time,
according to earlier studies [42,43], even lower Mg
content results in the formation of UFG
microstructure in ECAP-processed Al-Mg alloys with
grains smaller than in CP Al. So, the selected Mg
concentration shall lead to a considerable
strengthening of the material in compliance with the
Hall-Petch relationship [44,45], and have a little effect
on electrical conductivity.
Another key factor taken into account when
selecting alloying components is the absence of
AlMgZr triple connections in Al-Mg-Zr alloys
according to a phase diagram [46]. So, the selected
concentration of Mg and Zr shall be preserved in Albased solid solution processed by combined casting
and rolling.

Initial rods were subjected to a annealing at 385 °C
to form nanoscale Al3Zr precipitates, supporting the
stability of an UFG microstructure at an elevated
service temperature. The given microstructure was
processed via ECAP-C and cold drawing. To find
the most efficient duration of annealing, hardness
and specific electrical resistivity (at 20 °C) of the
material were measured each 24 hours of holding.
Fig. 1 shows the variations in these characteristics
against the annealing time.
It can be seen that a considerable decrease in
the alloy hardness takes place after annealing for
24 hours (from 51±4 to 41±3 HV). Then it remains
nearly the same till the end of the treatment (Fig.
1a). Specific electrical resistivity of the material,
unlike the alloy hardness, decreases monotonically
during annealing up to 72 hours (from 33.37 nm to
29.72 n  m), and then changes only slightly
comprising 29.42 nm (Fig. 1b) after annealing for
120 hours, which corresponds to 58.6% IACS.
The results of mechanical testing of the alloy
processed by the HT are presented in Fig. 2 and
Table 2, showing the loss in strength of the initial
alloy after the treatment. The ductility of the alloy
increases from 16.1 to 21.2%.
According to TEM studies, a structure with a
subgrain size of about 4 m was formed in initial
billets produced by combined casting and rolling
(Figs. 3a and 3b). This can be seen in selected
area electron diffraction (SAED) patterns, one of
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Table 2. Mechanical properties and electrical conductivity of the Al alloy.
State

YS,
[MPa]

UTS,
[MPa]

El, [%]

Resistivity at
20 °C, [nm]

IACS, [%]

Initial state
Heat treated (HT) –
annealed at 385 °C, 120 h
HT + 6 passes ECAP-C at RT
5005-O (Al-0.8 wt.% Mg) [47]

125±10
85±8

149±5
129±5

16.1±1.7
21.2±0.9

33.37
29.42

51.7
58.6

188±13
45

205±9
125

14.6±0.7
25

29.93
-

57.6
-

2.4±0.2
3.3±0.3

30.18
30.09

57.1
57.3

2.0

28.735
31.347
28.735
29.726
-

60.0
55.0
60.0
58.0
61.7
54-48

Wire 3.2 mm in diameter produced from UFG rods
ECAP-C + cold drawing
ECAP-C + cold drawing +
anneal. at 230 °C, 1 h

249±12
222±11

267±9
245±8

Parameters of thermals resistant Al-Zr alloy wires
AT1 [14]
AT2 [14]
AT3 [14]
AT4 [14]
Al-0.2Sc-0.04Zr [20]
Al-0.32...0.45Zr-0.16...
0.56Mn-0.18...0.30Cu0.18...0.25Si [19]

-

159-169
225-248
159-176
159-169
213.3
275-321

-

Fig. 3. (a, b) Microstructure of the as-received Al-0.4Mg-0.2Zr alloy: (a) SEM and (b) bright field TEM
micrographs and corresponding SAED patterns. (c, d) Microstructure of the as-received Al-0.4Mg-0.2Zr
alloy after HT at 385 °C, 120 h: (c) bright field TEM micrographs and corresponding SAED patterns showing
superlattice resections due to the presence of Al3Zr precipitates and (d) dark field TEM image.
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which is shown in Fig. 3b, demonstrating the
formation of a subgrain-type structure with grain
boundaries exhibiting mostly low-angle
misorientation. It shows single reflections located
along circles with a strongly expressed azimuth
scattering. These SAED patterns are typical of the
materials with the low angle grain boundaries
dominating in the microstructure.
The initial material microstructure also contains
an insignificant (volume fraction below 1%) amount
of intermetallic crystalline particles varying from 0.5
to 2 m in size (marked by an arrow) (Fig. 3a). Both
particles and subgrains are oriented along the rolling
direction. The precision analysis showed the
presence of Fe, Si, and Al particles in the material
with a stoichiometric ratio of 2:3:8. The presence of
particles in such a combination is typical of Al alloys
always containing some amount of Fe and Si
[41,47].
The microstructural analysis of rods processed
by ÍT (annealing at 385 °C for 120 hours) revealed
the formation of nanoscale Al3Zr precipitates with a
metastable L12 structure (Figs. 3c and 3d). A mean
particle size constitutes 22±3 nm with an interparticle
distance equal to ~70 nm and no considerable
variations in a subgrain size, which is possibly
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caused by the substructure stabilization with Al3Zr
precipitates.
The observed microstructural changes in the alloy
following the HT agree well with the variations in
hardness and specific electrical resistance of the
material (Fig. 3). The experimentally measured data
on the material strength after the HT also fit the
strength level of annealed 5005 alloy of the Al-Mg
system with a similar Mg content (~ 0.8 wt.%) (Table
2) [45].
It should be noted that electrical resistivity
measured experimentally in the alloy processed via
HT (29.42 nm) differs from its estimated value.
According to the Matthiessen’s rule [48],
contributions into total electrical resistivity of metallic
materials can be summed up if they act
independently. The resistivity of pure Al is 26.55 nm
[47]. So, if assume that residual Zr content of 0.2
wt.% Zr in the alloy solid solution following HT at
385 °C (as stated in [16]) increases Al electrical
resistivity by 0.08 nm, and Mg concentration of
0.4 wt.% remains the same, which increases the
electrical resistivity of the alloy [40] by 2.24 nm,
then the material total value should be 28.87 nm,
which is somewhat below the experimental data
(Table 2). The observed difference in experimental

Fig. 4. Microstructure of Al-0.4Mg-0.2Zr alloy after ECAP-C processing: (a) SEM image, (b) bright field
TEM image with corresponding SAED patterns taken from the longitudinal section; (c,d) bright field and
dark field TEM images of nanoscale Al3Zr precipitates, (c) corresponding SAED patterns showing superlattice
resections formed by Al3Zr precipitates.
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Table 3. Results of the X-ray studies of the UFG Al alloy.
State

CSD, [nm]

<2>1/2, [%]

Lattice parameter, [Å]

, [m-2]

HT + 6 p ECAP-C at RT
ECAP-C + cold drawing
ECAP-C + cold drawing +
anneal. at 230 °C, 1 h

141±6
96±8
161±1

0.1100±0.0001
0.1500±0.0001
0.0300±0.0003

4.0522±0.0001
4.0523±0.0003
4.0526±0.0002

9.41013
1.41014
2.31013

and calculated electrical resistivity is possibly
caused by the presence of impurities (Fe and Si)
(Table 1), as well as nanoscale Al3Zr precipitates in
the alloy.

3.3. Structure and properties of the
alloy processed via ECAP-C, cold
drawing and annealing
The results of the microstructural studies of the rods
subjected to 6 ECAP-C cycles at room temperature
are shown in Fig. 4 and Table 3. The given treatment
resulted in the formation of an UFG structure with a
grain/subgrain size from 600 to 800 nm (Figs. 4a
and 4b). Ultrafine grains are elongated along the
shear plane, which is typical of Al-Mg alloys
subjected to ECAP [33,49]. SAED patterns testify
to the formation of a grain-type structure with grain
boundaries exhibiting mostly high-angle
misorientation, which can be seen in Fig. 4b [32,33],
as well as proved by the findings in [39]. The authors
of the research has established that ECAP of Al0.13Mg (wt.%) at room temperature with an effective
strain of 4 (like in the present study) resulted in the
formation of UFG microstructure with a fraction of
high-angle boundaries equal to 50%.
The microstructural analysis also shows that the
morphology of Al3Zr precipitates (Figs. 4a and 4d)
is not affected by SPD processing.
According to the outcomes of X-ray analysis,
the lattice dislocation density in samples after ECAPC processing constituted 9.41013 m-2, with a CSD
size of 141 nm (Table 3).
Ultrafine grains processed as a result of ECAPC become elongated along the axes of rods in the
form of wire after cold drawing (Figs. 5a and 5c).
The length of such grains extends up to 1 m. In
some grains, the formation of transverse sub
boundaries can be observed (Fig. 5c). The wire
microstructural analysis revealed an equiaxed shape
of grains in rods cross section (Figs. 5b and 5d)
with a size of grains varying from 100 to 400 nm,
which agrees well with the width of grains elongated
in the cross section (Figs. 5a and 5c). Similar UFG
microstructure transformation was earlier observed

in other UFG materials subjected to a cold drawing
[27,50].
A microstructural analysis also showed that a
cold drawing of the alloy resulted in the redistribution
of nanoscale Al 3Zr precipitates, which were
reoriented in a drawing direction. They also formed
clusters in the form of lines (Figs. 5e and 5f), which
is typical of semi-finished Al products obtained by
extrusion/pressing [51].
According to X-ray analysis, additional drawing
leads not only to grain refinement, but also to a
considerable increase in dislocation density in the
UFG alloy from 9.41013 m-2 to 1.41014 m-2 and, as
a result, to the decrease in the coherent scattering
region size from 141 to 96 nm (Table 3).
Table 2 shows strength, ductility and electrical
conductivity in the alloy processed by ECAP-C and
drawing. According to the experimental data obtained,
the formation of an UFG microstructure in the studied
material leads to both YS and UTS increase by 2
and 1.6 times, correspondingly. Also, an elongation
to failure in samples processed via ECAP-C is
decreased, especially its uniform components (Fig.
2), which is due to a quick tensile strain localization
typical of UFG metals and alloys, including those
Al-based [22].
A cold drawing results in an additional
strengthening of the UFG alloy by ~30 %, which is
caused both by a reduction of grain size (Fig. 5),
and an increase in a dislocation density (Table 3). It
is important that UFG wire has a relative elongation
to failure above 2%, which meets the requirements
to thermally stable conducting Al-based wire [14].
After a special annealing at 230 °C for 1 hour
(recommended in [14] to determine the level of
thermal stability in conducting Al alloys), the level
of ultrafine grains in wire samples remained nearly
the same, which can be explained by the presence
of nanoscale Al3Zr precipitates in the microstructure.
At the same time, the annealing resulted in a
considerable decrease in dislocation density,
according to X-ray analysis (Table 3). These
microstructural changes led to a decrease in UFG
wire UTS from 267 to 245 MPa (Table 2), which is
lower than 10%. The given strength degradation is
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Fig. 5. Microstructure of Al-0.4Mg-0.2Zr alloy after ECAP-C processing and cold drawing: (a, c, e, f) on
longitudinal section and (b, d) on transversal section. (a, b) SEM images, (c, d) bright field TEM images. (e)
bright field TEM image showing nanoscale Al3Zr precipitates and corresponding SAED patterns. (f) dark
field TEM image showing nanoscale Al3Zr precipitates.

acceptable after a short-time annealing at 230 °C
for 1 hour for heat resistance alloys with a longterm service temperature not exceeding 150 °C [14].
A notable strength enhancement in the UFG alloy
samples processed via ECAP-C and a cold drawing
and remaining relatively high even after a special
annealing is not accompanied by a considerable
change of electrical conductivity (Table 2). This is
conditioned by the fact that the electrical conductivity
level in conducting alloys depends more on the
concentration of alloying element atoms in a solid
solution, than on such microstructural parameters
as a dislocation density and a grain size [1113,23,52,53]. The absence of any notable changes

in the lattice parameter (Table 3) of the alloy after all
types of treatment following the HT at 385 °C points
that the concentration of Mg and Zr atoms in the Al
alloy solid solution remains the same. Thus, it can
be assumed that the increase in the alloy resistivity
after ECAP-C and a cold drawing from 29.42 nm
to 29.93 n  m and 30.18 n  m (Table 2),
correspondingly, is conditioned by a grain size
decrease only.
Comparing the properties of Al-0.4Mg-0.2Zr UFG
wire with those of widely used and even promising
thermally stable Al alloys (Table 2), it can be
concluded that the selected studied material as well
as the structural state processed by a TMT including
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SPD, enable to get the best combination of strength
(UTS=267 MPa), electrical conductivity (57.1%
IACS), and heat resistance (up to 150 °C).
This study and the results of the earlier research
[16-20,29] allow to state that both strength and heat
resistance of Al-Mg-Zr alloys can be enhanced. One
way is to increase the content of Zr to no less than
0.4 wt.% to additionally enhance the strength of the
conducting alloy through precipitation hardening by
increasing the volume fraction of the Al3Zr nanoscale
metastable precipitates. Besides, new high-efficient
techniques based on ECAP-C [54,55] can lead to
the formation of an UFG microstructure in the AlMg-Zr alloy for only 1 treatment cycle, which is
extremely important for commercial scale production
of new materials for All Aluminium Alloy Conductors.

5. CONCLUSIONS
The effect of a thermomechanical treatment including
both annealing and deformation processing via
ECAP-C and a cold drawing on the microstructure,
strength, electrical conductivity, and heat resistance
of the Al-0.4Mg-0.2Zr (wt.%) was studied. The
following conclusions can be made:
1. The selected chemical composition and the TMT
regime including SPD process result in the formation
of an UFG microstructure with dislocation density
of 1.41014 m-2 and nanoscale precipitation of Al3Zr,
with a mean size of 22 nm.
2. The processed UFG state leads to a considerable
increase in UTS from 129 MPa to 267 MPa
accompanied by an acceptable ductility (El. > 2%)
and a good electrical conductivity (57.1% IACS).
3. The processed UFG alloy can be used at a service
temperature of up to 150°C for a long time.
4. The UFG Al-0.4Mg-0.2Zr (wt.%) alloy opens great
perspectives for electrical engineering due to its
combination of enhanced strength and electrical
conductivity and heat resistance as compared to
well-known Al alloys of conventional and enhanced
compositions. The further studies shall be aimed at
the additional enhancement of strength and heat
resistance of Al-Mg-Zr alloys by using additional
enhancement of their nanostructural parameters.
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