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Abstract: Currently, scientists search for new materials for temporary implants that can dissolve in the body, which
leads to the fact that there is no need for repeated surgery. In the last decade, scientific interest has focused on zinc-based
materials because, unlike other metals, it has suitable corrosion rates and good biocompatibility. The paper describes
an experiment for the study of the influence of deformation on the microstructure, strength and corrosion properties of
an alloy of the Zn-Fe-Mg system. The authors carried out energy dispersive analysis and calculation of the volume
fraction of the second phase of the Zn—Fe—Mg zinc alloy. The corrosion properties of the Zn—Fe—Mg zinc alloy with
different microstructures (before and after high-pressure torsion) were studied using the gravimetric method under
conditions simulating conditions inside a living organism (temperature, corrosive environment composition). During
the tests, the corrosion mechanism was determined, its rate and mass loss of the samples were calculated. The relief
of the corrosion surface was studied using scanning electron microscopy. It has been found that the destruction of the
material in a corrosive environment occurs through a matrix containing the active Mg metal. The results of calcula-
tions of the corrosion rate for the original sample and samples subjected to high-pressure torsion differed due to
a more even distribution of second phase particles during severe plastic deformation. In this work, by alloying zinc
with iron and magnesium, as well as using high-pressure torsion, it was possible to increase the microhardness of
the samples to 239.6+8 HV, which is a high indicator for zinc alloys.
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implant materials traditionally used in medicine due to

INTRODUCTION theirability to dissolve in the body. During research, it has

Currently, biodegradable materials are considered as been found that zinc alloys have better mechanical and cor-

temporary implants for osteosynthesis and vascular stent- rosion properties than previously studied magnesium- and
ing. Biodegradable materials have certain advantages over iron-based materials.
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Zinc is an essential ion in many cellular and bioche-
mical processes, and promotes accelerated wound healing
[1], thereby reducing the body recovery time in the post-
surgery period. Pure zinc is a rather brittle material with
low hardness (38.24+1.06 HV), and it is impossible to
consider it in its pure form as a material for the produc-
tion of implants. Alloying is one of the main effective
methods for improving the complex properties of pure
Zn. A mandatory requirement for alloying elements of
a material for the production of medical implants is their
non-toxicity. An interesting combination is the alloying
with Fe and Mg, since they are biodegradable metals and
at the same time strengthen the alloy [2]. In vitro studies
of magnesium alloys showed that Mg corrosion products
are not harmful to cells [2], and in Zn—-Mg alloys [3],
the survival rate of MC3T3-E1 mouse cells is higher, but
Zn-Fe turned out to be cytotoxic, although human umbi-
lical vein endothelial cells (HUVECs) turned out to be
biocompatible with it [3].

Iron in the solid state has insignificant solubility in
the Zn matrix, which leads to the formation of large par-
ticles of the second phase and has a strengthening effect
on the alloy [4]. This is why in this work, Fe was chosen
as one of the alloying metals. In the Zn—Fe state dia-
gram, the equilibrium phase composition at room tem-
perature consists of Zn and FeZn;; due to the negligible
solubility of Fe in Zn in the solid state [5]. The Zn—0.4Fe
zinc alloy demonstrates good mechanical properties and
biocompatibility, however, it is reported that when the iron
content in the alloy increases to 2.5 %, the ductility va-
lues sharply decrease due to an increase in the volume
fraction of the intermetallic phase [6]. The Zn—-Mg—Fe
zinc alloy showed good compatibility in in vivo studies
on beagle dogs [7]. Osteosynthesis plates were placed in
the frontal bone, mandible, and astragalus. The Zn—-Mg—
Fe alloy degraded uniformly, without significant differ-
ences in the rate of degradation of the frontal, mandibu-
lar, and astragalus implants. The corrosion rate reached
approximately 0.183 mm/year in the first 3 months and
then decreased to approximately 0.065 mm/year after
12 months [7].

Magnesium is also an important cation playing a crucial
role in many physiological functions, so it was chosen as
one of the alloying metals. Previously, an alloy with mag-
nesium concentrations from 0.15 to 3.0 wt. % was deve-
loped [8]. Increasing the Mg content increased the micro-
hardness values and tensile strength of Zn—-Mg alloys, as
the volume fraction of the solid intermetallic Mg,Zn;,
phase increased. Zn—-Mg system alloys have a structure

consisting of primary zinc and an interdendritic eutectic
mixture. This structure provides mechanical strength com-
parable to that of a human bone [9]. In fine-grained alloys,
a change in the corrosion mechanism from pitted to more
uniform due to the second phase refinement was observed.
With an increase in the Mg amount in the Zn—-Mg alloy
composition, its cytocompatibility increases and more uni-
form corrosion is observed, while localized corrosion was
observed in the alloy with iron [3].

Through alloying and severe plastic deformation, it is
possible to increase the strength properties of the alloy
and regulate the corrosion rate by changing the structure
parameters. Controlling the material destruction rate is
one of the important tasks, since corrosion products
should not exceed the maximum permissible concentra-
tion in the human body. The implant should not be de-
stroyed until the bone tissue is completely restored, and
the stent should not be destroyed until the vessel is re-
stored. It is known that a fine-grained structure is formed
in a metal after treatment by high-pressure torsion
(HPT), and grain refinement leads to improved mechani-
cal properties [10].

Currently, the alloy of the Zn—-Fe-Mg system is under-
studied. This work studies the Zn—1%Fe—5%Mg alloy sub-
jected to high-pressure torsion.

The purpose of the work is to study the influence of
high-pressure torsion on the structure and mechanical pro-
perties of the Zn—1%Fe—-5%Mg zinc alloy.

METHODS

The research material is the Zn—1%Fe-5%Mg alloy
(Table 1). The chemical composition was determined on
a Thermo Scientific ARL Optim’X X-ray fluorescence
spectrometer. Melting was carried out in a chamber furnace
in a graphite crucible with a diameter of 20 mm with a lid
at a temperature of 580 °C. After that, the samples were
subjected to homogenizing annealing at a temperature
of 350 °C for 12 h.

Disks with a diameter of 20 mm and a thickness of
1.8 mm were cut on an ARTA 120 CNC electrical dis-
charge machine. The disks were sanded using waterproof
sanding paper of various grits. After that, the samples were
subjected to high-pressure torsion in a SKRUDZH-200
machine at room temperature with an upper striker pressure
of 6 GPa. The number of torsion revolutions is 0.5-10.
When deformed by torsion, the original and resulting sam-
ples had the shape of disks. Samples were examined in
the initial state and after deformation.

Table 1. Chemical composition of the Zn—1%Fe—5%Mg alloy, wt. %

Taonuya 1. Xumuueckuii cocmas cnnaea Zn—1%Fe—5%Mg, sec. %

Content of chemical elements, wt. %

Zn Fe

Mg The rest

92.72+0.13 0.911+0.045

5.32+40.11 1.049+0.030
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Static tensile tests were carried out on small samples
(Fig. 1) on an Instron 5982 electromechanical measuring
system at room temperature and a speed of 0.24 mm/min.
The length of the test specimens was 10 mm, thickness —
0.8 mm, and neck thickness — 1 mm.

The microhardness of deformed samples was deter-
mined using an EMCO-Test DuraJet 10 hardness tester
using the Vickers method (GOST 9450-76) under a load of
0.1 kg. The values were studied at 20 points with a step of
1 mm along the entire diameter of the sample.

Studies of the structure, the corrosion surface relief and
analysis using energy dispersive X-ray spectroscopy (EDS)
were carried out using a JEOL JSM-6490LV scanning elec-
tron microscope.

To study the structure, the samples were preliminarily
etched in a 15 % sulfuric acid solution for 10 s. Calcula-
tions of the volume fraction of the second phase in zinc
alloys were performed using the ImageJ program.

Corrosion tests were carried out for 60 days using
the gravimetric method in accordance with the ASTM G-
03-E standard. Samples were studied in the initial state and
after high-pressure torsion for 10 revolutions. At least
3 samples were taken for each state. The tests included ex-
posing the samples to a corrosive environment — Ringer’s
solution (composition: 8.6 g/l of NaCl; 0.3 g/l of KCI;
0.25 g/l of CaCl,, saline solution pH 7). The tests were car-
ried out at a constant temperature of 38+1 °C.

The samples were weighed and photographed before
and after cleaning from corrosion products every 2 days.
Cleaning from corrosion products was carried out in a VI
chromium oxide solution (200 g of reagent per 1000 ml of
distilled water), then in distilled water using a KAISI-105
ultrasonic bath. After cleaning, the samples were dried and
weighed on an EJ-123 electronic balance providing mea-
surement accuracy of up to 0.01 mg. After cleaning from
corrosion products and weighing, the samples were again
kept in a corrosive environment. The surface of the samples
was examined more closely by scanning electron microsco-
py every 14 days.

The corrosion rate CR mm/year was calculated accord-
ing to the ASTM G3-63592 standard using the formula:

cp - 876 (M, —Ml)’
Stp

where CR is the corrosion rate, mm/year;
S'is the sample surface area, sz;
M, is the initial mass, mg;
M, is the mass after immersion, mg;
t is the holding time, h;
p is the metal density, g/cm’.
Mass loss in % was calculated using the formula:

(0, —M,)

0

ML = 100 %,

where ML is the mass loss, %.

X-ray diffraction analysis (XRD) was carried out on a D2
Phaser desktop X-ray diffractometer with CuKo radiation at
30 kV and 10 mA with a shooting step of 0.02° and a scan rate
of 1 °/min. X-ray phase analysis (XPA) of the obtained x-ray
patterns was carried out in the Diffrac.Eva software package.

RESULTS

Structure and microhardness studies

The resulting alloy in the initial state had high micro-
hardness values (210+4.6 HV). Samples after high-pressure
torsion showed an uneven microhardness distribution over
the entire diameter. The average microhardness values after
high-pressure torsion are presented in Fig. 2, where after
2 torsion revolutions, a slight increase in microhardness
to 239.6£8 HV is observed.

Studies of the structure have shown that in the initial
state (Fig. 3 a) the alloy consists of a eutectic matrix with
a fine-plate o-Zn and Mg,Zn;; structure (Fig. 3 b), large
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Fig. 1. Shape of small samples for static tension tests:
a —drawing; b — layout of samples on the disk
Puc. 1. Popma manvix 0bpaszyoe 0nia UCHbIMAHULL HA CMAMUYECKOe PACMAHCEHUE:
a — yepmedic; b — cxema pacnonodxcenus 0opaszyos na oucke
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Fig. 2. Microhardness of Zn—1%Fe—5%Mg samples after HPT with different number of revolutions
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Fig. 3. Structure of the Zn—1%Fe—5%Mg zinc alloy in the initial state (a, b) and EDS analysis of the Zn—1%Fe—5%Mg alloy (c—e)
Puc. 3. Cmpyxmypa yunxogozco cnaasa Zn—1%IFe—5%Mg 6 ucxoonom cocmosnuu (a, b) u EDS-ananus cnaasa Zn—1%Fe—5%Mg (c—e)

FeZn;, and FeZn;; phases (light elements of irregular
shape, hereinafter FeZn,) and Fe and Mg content (dark
elements of irregular shape), which is confirmed by EDS
analysis (Fig. 3 c—e).

The structure after high-pressure torsion has under-
gone changes. The matrix is completely crushed; the fine-
plate structure is transformed into ultra-fine-grained
Mg,Zn;,. The grain size is about 1 um after 2 revolutions
(Fig. 4 a). The solid phases Fe-Mg and FeZn, are crushed
(Fig. 4 b). The results of EDS analysis (Fig. 4 c)
showed that the dark-gray areas are the Fe—-Mg phase, and
the light-gray areas are pure zinc. After 8 revolutions,

further refinement of the solid phases and their distribu-
tion throughout the entire sample volume are observed
(Fig. 5). The volume fraction of the second phase did not
change during deformation. Analysis of diffraction pat-
terns showed (Fig. 6 a) that all X-ray spectra are charac-
terized by the same set of intense peaks, and that the iden-
tified reflections belong to the Zn, FeZn;; and FeZn;,
MgZn, and Mg,Zn;; phases. There is a quantitative
change in the ratio of peak intensities (Fig. 6 a), the pro-
file shape, and the positions of the gravity centers of
the X-ray peaks compared to the X-ray patterns of the cor-
responding initial state (Fig. 6 b). An increased integral
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SPECTRUM 1

i

Spectrum Mg Fe Zn Total
Spectrum 1 15.19 0,47 84.33 100.00
Spectrum 2 0.00 0.00 100.00 100.00
Spectrum 3 1.06 0.00 98.94 100.00
Spectrum 4 13.92 0.42 85.67 100.00

Fig. 4. Structure of the Zn—1%Fe—5%Mg zinc alloy after HPT for 2 revolutions:

a — SEM image at 3000 magnification;, b — SEM image at <1000 magnification; ¢ — EDS analysis of the Zn—1%Fe—5%Mg alloy

Puc. 4. Cmpykmypa yunkoeozco cnnasa Zn—1I%Fe—5%Mg nocne UK na 2 obopoma:
a — POM-uzobpadicenue npu yeenuuernuu %3000; b — POM-uzobpascenue npu ysemuuernuu x1000; ¢ — EDS-ananus cnnasa Zn—1%Fe—5%Mg

Spectrum Mg Fe Zn Total
Spectrum 1 1.51 0.89 97.60 100.00
Spectrum 2 15.09 241 82.50 100.00
Spectrum 3 0.00 0.00 100.00 100.00
Spectrum 4 13.54 2.04 84.42 100.00

Fig. 5. Structure of the Zn—1%kFe—5%Mg zinc alloy after HPT for 8 revolutions:

a—SEM image; b— EDS analysis of the Zn—1%kFe—5%Mg alloy
Puc. 5. Cmpyxkmypa yunxoeoeo cnnaga Zn—I%Fe—5%Mg nocne UK na 8 obopomos:
a — POM-usobpasicenue; b — EDS-ananus cnnasa Zn—1%Fe—5%Mg
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Fig. 6. X-ray diffraction patterns of the Zn—1%IFe—5%Mg zinc alloy: a — before and after HPT; b — initial
Puc. 6. Penmeenocpammul yunxogozo cnaasa Zn—1%Fe—5%Mg: a — oo u nocne UIIJIK; b — ucxoonuwii

intensity of the diffuse scattering background was detect-
ed (Fig. 6-8), which indicates changes in the identified
phases and the occurrence of phase transitions in the alloy
under study after high-pressure torsion treatment.

After 0.5 revolutions of high-pressure torsion, large
particles with a size of approximately 40 pm are ob-
served, most of them have an oblong shape and are elon-
gated along one direction. After 3 revolutions, the struc-
ture begins to change significantly. The second phase
particles are crushed and distributed throughout the entire
volume. In the sample that underwent 8 revolutions of
torsional deformation, the second phase particles were
crushed to an average of 20 um (Fig. 5 a), and after
10 revolutions — to 10 pm.

Corrosive characteristics

Corrosion destruction of a zinc alloy is determined by
its heterogeneity in chemical and phase composition.
Table 2 shows the influence of Ringer’s solution during
60 days on the structure of the initial sample and
the sample after high-pressure torsion for 10 revolutions.
An increase in the corroded surface area is observed with
increasing duration of the solution’s influence on
the samples, as well as a corrosion penetration deeper
into the material, which correlates with the mass loss of
the samples presented in Table 3. On the 10™ day, visible
pores began to form in the original sample, which over
time became larger. Fig. 9 presents photographs of
the structure after 56 days of corrosion tests, where solid
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Fig. 7. X-ray diffraction patterns of the Zn—1%Fe—5%Mg zinc alloy: a — after HPT for I revolution; b — after HPT for 3 revolutions
Puc. 7. Penmeenocpammel yunxogoeo cnaaga Zn—1%Fe—5%Mg: a — nocne UITJIK 1 na obopom; b —nocrne UIT/IK na 3 obopoma

particles in the initial state (Fig. 9 a) do not react with
the solution; intercrystalline corrosion occurs when the active
metal, in our case Mg, is a part of the matrix separating
the metal crystalline grains. Corrosion in the original
sample occurs in places where Mg is concentrated.

In a sample subjected to high-pressure torsion, similar
cavities are observed after 28 days. In the deformed sample,
corrosion proceeds visually more uniformly (Table2 and
Fig. 9 b), and mass loss occurs slightly faster than in the ori-
ginal (Table 3). Due to severe plastic deformation, the second

phase containing Fe-Mg is refined and distributed through-
out the entire volume of the sample. Refinement of structural
elements using the method of severe plastic deformation
promotes more uniform corrosion. The corrosion rate of
the original sample on the 40™ day of testing was
0.08 mm/year, on the 70™ and 90" days — 0.13 mm/year. The
corrosion rate of samples after HPT on the 40" day —
0.09 mm/year, on the 70" and 90™ days — 0.15 mm/year.

On all HPT samples, pits are observed in the center that
go deeper (Fig. 10 a), corrosion proceeds uniformly over

Frontier Materials & Technologies. 2024. No. 2
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Fig. 8. X-ray diffraction patterns of the Zn—1%Fe—5%Mg zinc alloy after HPT for 10 revolutions
Puc. 8. Penmeenocpammul yunkogozo cnaasa Zn—1I %lFe—5%Mg nocne UIJ[K na 10 o6opomos
Table 2. Photographs of the surface of samples after cleaning during corrosion tests
Tabnuua 2. Domoepaghuu nogepxnocmu 06pPa3yO8 NOCie OUUCIKU 8 X00€ KOPPO3UOHHBIX UCHLIMAHUL
Test duration
State
25 days 40 days 60 days
Initial
After HPT

for 10 revolutions

a larger area of the sample (Fig. 10 b). During HPT, a non-
uniform structure is formed along the sample diameter.
The grains take an elongated shape in the direction of
torsion, since the angular rotation rate of the striker be-
comes greater with distance from the sample center,

their orientations.

Ringer’s solution.

which affects the degree of material deformation, respec-
tively, as well as the size of the structural elements and

There were no gas emissions while the samples were in

16
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Table 3. Mass loss of samples during corrosion tests

Taonuya 3. [lomeps maccol 00paszyos 60 6pemst KOPPOIUOHHBIX UCHIMAHULL

Test duration
State
1 day 10 days 25 days 40 days 60 days
Initial 0.55 % 1.55 % 221 % 2.88 % 431 %
After HPT 0.50 % 1.63 % 2.50 % 3.50 % 5.00 %
for 10 revolutions

X500

20kV

50pm 10 50 SEI

Fig. 9. SEM images of the surface of samples of the Zn—1%Fe—5%Mg zinc alloy after 56 days of corrosion tests:
a — initial; b — sample after 10 revolutions of HPT
Puc. 9. POM-uzobpasicenus nosepxnocmu obpasyos cniaea Zn—1%Fe—5%Mg cnycms 56 Oneti KOppO3UOHHbIX UCHBIMAHULL:
a — ucxoonulii; b — oopasey nocne 10 obopomos UK

DISCUSSION

In the initial state, the alloy consists of a eutectic matrix
with a fine-plate a-Zn and Mg,Zn;, structure (Fig.3b),
which is also confirmed by X-ray diffraction analysis
(Fig. 6 a). According to the Zn—Mg phase diagram [11],
when Zn-Mg is cooled with a liquid containing 1 wt. % of
Mg up to approximately 410 °C, the Zn phase first sepa-
rates from the liquid. Next, at 364 °C the Mg,Zn;; interme-
tallic compound appears. Thus, eutectics containing Zn and
Mg,Zn;; were formed along the boundaries of Zn grains.
This is consistent with the results obtained in [12; 13].
Some small MgZn, peaks were detected (Fig. 6 b), which is
likely related to the nonequilibrium solidification of Zn-Mg
alloys during casting. Supercooling of the interdendritic
liquid and deviation from the equilibrium diagram can lead
to the MgZn, intermetallic compound precipitation in this
alloy. A similar structure was observed in [14], where
the Zn+Mg,Zn,; eutectic, the needle FeZn;; phase and
the dendritic matrix Zn phase were present.

In the Zn—1%Fe—-5%Mg alloy we studied, bright large
FeZn;, and FeZnj; particles of irregular shape were also
observed. X-ray spectral analysis detected two phases, but
we could not separate them in the structure, so we left
the designation FeZn,. This elemental composition is also
confirmed by EDS analysis. Except for this large phase,

the structure contains dark-colored phases containing
Fe and Mg (Fig. 3 c—e), but there are no cards with
such content in the database of the program installed on
the diffractometer.

In the Zn—Fe phase diagram, the temperature range of
FeZn,; formation by peritectic reaction is very wide and
extends from 530 °C to room temperature, which may be
the reason for the growth of FeZn; particles [14].

After severe plastic deformation, the solid Fe-Mg and
FeZn, phases are crushed, and the matrix is completely
refined. The fine-lamellar structure transforms into an ul-
trafine-grained structure with a grain size of about 1 um
after 2 revolutions (Fig. 4 a). A quantitative change in
the ratio of the intensities of the Zn, FeZn;; and FeZns,
MgZn, and Mg,Zn;, phase peaks (Fig. 6 a), the profile
shape, the positions of the gravity centers of X-ray peaks,
as well as the increased integral intensity of the diffuse
scattering background (Fig. 7, 8) in comparison with radio-
graphs of the corresponding initial state (Fig. 6 b) are ob-
served. This indicates changes in the identified phases and
the occurrence of phase transitions in the alloy under study
as a result of high-pressure torsion.

There is no noticeable increase in microhardness after
high-pressure torsion of a zinc alloy, but, unlike pure
zinc [15] and other zinc alloys [16], the hardness of
the considered Zn—1%Fe—5%Mg is the highest and reaches
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100pm

20kV X200 48 57 SEI

20kV X200 100pm 48 57 SEI

Fig. 10. The structure of the sample subjected to 10 revolutions of HPT after 90 days of corrosion tests:
a — central part of the sample; b — edge with changed texture; ¢ — macroscopic image of the sample
Puc. 10. Cmpyxmypa obpasya, npouteoutezo 10 obopomos UII/IK, nocie 90 Onetl KOppO3UOHHBIX UCHBIMAHULL:
a — yenmpanvHas yacmo 0opazya; b — kpail ¢ usMeHeHHOU MeKCmypoil, ¢ — MAKPOCKONUYECKOe U300pacenue oopaszya

210-240 HV due to alloying with Mg and Fe. The research
in this work confirms that the Mg and Fe addition to a zinc
alloy contributes to a significant increase in hardness va-
lues. In this case, the samples become very brittle.

The main deformation mechanism is glide of disloca-
tions. In [14], measurements of the microhardness of
the FeZn;; and Mg,Zn;; phases were made, which are
24348 HV and 11045 HV, respectively, with the Zn micro-
hardness of 76.1 HV+2 HV, which leads to deformation
incompatibility at the phase interface. Near the phase inter-
face, a concentration of stresses and energy occurs,
which causes dislocation glide and anomalous transfor-
mation determined by diffusion on moving defects (dis-
locations, grain boundaries) [17], and subsequently —
dynamic Mg,Zn,; phase recrystallization. Part of
the stored energy was also released during FeZn;; phase
fragmentation.

The absence of gas emissions on the surface of the sam-
ples during corrosion tests is consistent with [14; 18]. When
the samples were in the Ringer’s solution, the pH of
the corrosive environment gradually increased over time,
which indicates the absorption of hydrogen ions in the solu-
tion, so the solution was often replenished during the experi-
ment — every 48 h. A similar method of immersion test,
where samples are cleaned every 2448 h followed by re-
peated placement in a corrosive environment, was also used
in works [19; 20]. This method allows estimating the rate of
mass loss and corrosion rate for any time interval within
90 days. However, this method does not take into account

the formation of a protective film and the change in corro-
sion rate due to passivation, so we plan to conduct continu-
ous immersion tests.

The corrosion of zinc alloy is significantly higher
than that of pure zinc, which is caused by the high po-
tential difference between Mg,Zn;; and FeZn;;. Corro-
sive destructions of a material depend on the metal ac-
tivity; they easily react because they easily part with
electrons at the external energy level. The degree of
metal activity is characterized by the corresponding
electrochemical series of metal stresses. Among the zinc
alloy elements Zn (—0.76), Fe (—0.440), Mg (-2.363),
Mg is the most active. Corrosion occurs in places where
Mg is concentrated, since it has a more electronegative
potential, therefore it acts as anodic centers and dis-
solves faster [21; 22]. FeZn,; particles are cathodic and
accelerate the dissolution of Zn and Mg-containing
phases [23]. As in the study [24], an acceleration of cor-
rosion processes in samples after high-pressure torsion
is observed. The formation of a heterogeneous structure
in the sample is consistent with [25]. The formation of
visible corrosion pits in the center of HPT samples is
determined by different crystallographic grain orienta-
tions in the HCP-lattice metal. A similar dependence
was also reported in [26; 27].

The study of the mechanical properties and microstruc-
ture of the zinc alloy allows evaluating the prospects for its
further research in vitro and in vivo for application as
a material for the production of medical implants.
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CONCLUSIONS

As a result of processing the Zn—1%Fe—5%Mg alloy by
high-pressure torsion, samples with high hardness values
(up to 239 MPa), but very brittle, were obtained.

The structure of the zinc alloy is multiphase; it contains
FeZn;,, FeZn;; and Mg—Fe solid particles, which are de-
stroyed and partially dissolved during high-pressure torsion.
The solid phases are located in a matrix of Zn and Mg,Zn,,
which is transformed during the high-pressure torsion pro-
cess into equiaxial grains of 1 um in size.

The use of high-pressure torsion does not lead to signi-
ficant changes in the corrosion rate, but leads to more uni-
form corrosion throughout the volume of the sample.
The exception is the center with a less developed structure,
where an intense penetration is observed.
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AHHOm(llﬂl}l.' B HacTodlee BpeMs BCAYTCA NOUCKHM HOBBIX MATCPUAJIOB IJISI BPEMCHHBIX HUMILJIAHTATOB, CITOCOOHBIX

PacTBOPATHECS B OpPraHHU3ME, YTO MPUBOJUT K MCUE3HOBEHUIO MOTPEOHOCTH B MOBTOPHOM omepanuu. B mocnennee necsaTu-
JIeTHEe MHTEPEC YUSHBIX OBUT COCPEOTOUEH Ha MaTepHajax Ha OCHOBE IIMHKA, TaK KaK OH, B OTJIMYHE OT JAPYTHX METAIJIOB,
HUMeeT TMOAXOSIIYI0 CKOPOCTh KOPPO3HH M XOPOIIYI0 OHOCOBMECTUMOCTE. B paboTe omncaH 3KCIIEPUMEHT MO H3YYCHUIO
BIHSTHAA JeopMaIui Ha MUKPOCTPYKTYPY, IPOYHOCTHBIE M KOPPO3HOHHBIE CBOMCTBA cruiaBa cucteMsl Zn—Fe-Mg. Ipo-
BEJICH SHEPTOAMCIIEPCHOHHBIA aHAIN3 U pacyeT 00beMHOH A0mM BTOpoi (ha3el IHKOBOTO ciiaBa Zn—Fe-Mg. I'paBumer-
pUYECKUM METOJIOM MCCJIEIOBaHbl KOPPO3MOHHBIE CBOMCTBA LIMHKOBOrO ciuiaBa Zn—Fe—Mg ¢ pa3HOil MUKPOCTPYKTypOi
(10 ¥ 1oCIIe MHTEHCUBHOM IUTACTHYECKON 1eOopMaIii KpyUeHHEM) B YCIOBUSIX, IMUTHUPYIOLIHUX YCIOBUSI BHYTPH )KHBOTO
opraHusMa (TemIeparypa, cocTaB KOppO3HOHHOH cpefbl). B xoze ncnplTaHui onpeielieH MEXaHU3M MPOTEKaHUsl KOppo-
3WH, PaCCUNTAHBI €€ CKOPOCTh U MOTeps Macchl 00pasnoB. [IpoBeneHs! ncenenoBaHus peibeda KOPpO3MOHHON OBEPXHO-
CTH METOJIOM PacTpOBOil 3JT€KTPOHHONW MUKPOCKONHUU. Y CTAHOBJIEHO, YTO Pa3pylIeHHe MaTepuana B KOPPO3UOHHOM cpee
MPOUCXOJUT MO MAaTpUIle, COAepXKalel aKTUBHBIA MeTaml Mg. Pe3ynbTaTsl pacdeToB CKOPOCTH KOPPO3HU Y UCXOIHOTO
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Abdrakhmanova E.D., Khafizova E.D., Polenok M.V. et al. “Influence of high-pressure torsion on the structure and mechanical...”

n UTTJIK-00pa3moB ommmyanuch u3-3a 00j1ee paBHOMEPHOTO paclpeielieHHs 9acTHI] BTOPOi (a3bl BO BpeMsi HHTCHCUBHOM
IUTACTHIECKOH aedopmanuy. B naHHOM paboTe METOJOM JISTHPOBAHUS IIMHKA JKEJIE30M M MarHWeM, a TaKkKe MPUMEHEHUEM
WHTEHCUBHOW TUIACTHUYECKOW AedopMaliuy KpydeHHeM MOTYYHIIOCh TTOBBICHTE MUKPOTBEPAOCTh 00pa3ioB 10 239,6+8 HV,
YTO SBIAETCS BBICOKUM ITOKA3aTENEM AJIS IUHKOBBIX CIIJIABOB.

Kniwouegvie cnosa: nuaKoBele cmnaBbl; Zn—Fe-Mg; Ononerpaanpyemble MMIUIAHTAThl; MHTCHCHUBHAS IUIACTHYECKAsS
nedopmanus KpydeHHeM; OHOCOBMECTHMBIC MaTEePHAJIbI.

bnazooapnocmu: ViccnenoBaHus BBITIOTHEHBI 32 CUYET CPEICTB IPaHTa B 00J1aCTH HaykH u3 Oromkera Pecrryonuku bai-
KOPTOCTaH JJIsl TOCYJapCTBEHHOM 1o u1epKKU MostoibIX yueHbIX (HOLI-I'MY-2022, Cornamenne Ne 1 ot 13.12.2022).

Pa6ota Kop3uukosoii E.A., Hadpukosa P.K. BemosnHeHa npu ¢puHancoBoO noaaep:xke MUHHCTEPCTBA HAYKH M BBICIIIE-
ro obpasoBanusi PO B paMkax rocyaapcTBEHHOTO 3aaHMs Ha OKa3zaHue rocynapcrBeHHbIX ycnyr ®I'BOY BO YVYHuT
(cormamenue Ne 075-03-2024-123/1) «MouoaexxHasi HayqyHO-HcclienoBartenbekas adoparopust HOLL "Merams! u criia-
BBI [IPU SKCTPEMAJIBHBIX BO3ACHCTBUAX " ».

HccnenoBatenbckast 9acTh pabOTHI BEITIOIHEHA ¢ HCToib3oBaHueM obopynoBanms LIKIT «Harotex» ®T'BOY BO YYHuT.

CraThst IOATOTOBIICHA TI0 MaTepUaliaM JOKJIaJI0B ydyacTHUKOB XI MexxayHapomHoi mkoiasl «Pu3ndeckoe MaTeprao-
Beaenuey (ILIOM-2023), Tompsrtu, 11-15 cerTsadps 2023 roxa.
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HHE MHTCHCHUBHOM IUIACTHUECKOH AedopmManny KpydeHHEM Ha CTPYKTYPy M MEXaHHUIECKHE CBOWCTBA IIMHKOBOTO CILIaBa
Zn—1%Fe—5%Mg // Frontier Materials & Technologies. 2024. Ne 2. C. 9-22. DOI: 10.18323/2782-4039-2024-2-68-1.
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