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This article is devoted to studying the properties of the new Zr—Ti—Nb alloy and comparing
it with the well-known Ti—Al—V alloy (BT-6, Grade 5 analog). The properties were
analyzed through chemical composition determination and corrosion resistance
assessment. The Zr—Ti—Nb alloy does not contain the toxic impurities present in the
Ti—Al—-V alloy, specifically aluminum and vanadium. Structural studies were conducted
to identify the phases (X-ray diffraction analysis) and their composition using scanning
electron microscopy. The microstructure and phase composition of the Zr—Ti—Nb alloy
indicated a uniform distribution of elements throughout the alloy. The wetting angle of
the Zr—Ti—Nb alloy with an oxide layer is significantly smaller than that of the
Ti—Al—V alloy, suggesting greater hydrophilicity. Physical research methods included
determining density, reflectivity, and electrical conductivity. Mechanical properties were
examined by determining the elastic modulus, strength limit, yield strength, longitudinal
elongation, transverse contraction, and microhardness. Notably, the elastic modulus of
the Zr—Ti—Nb alloy is 26.4 GPa, similar to that of cortical bone, in contrast to the
Ti—Al—V alloy, which has an elastic modulus of 110—140 GPa. The obtained data indicate
that the superior chemical and mechanical properties of the Zr—Ti—Nb alloy make it
suitable for medical applications.
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Introduction

The modern world and technologies that are
rapidly developing in the 21 century require materials
with properties that could not be predicted a few
decades ago and especially, necessary materials with a
set of certain properties at the same time. As an
example, it is possible to cite biomaterials for the
medical field [1—12], as well as a large number of
technological materials [13,14].

Biomaterials used for the manufacture of implants
in the field of orthopedics, dental implantology and
cranioplastic surgery must have a whole set of the
following characteristics: good biocompatibility, good
osseointegration properties, high wear resistance and
corrosion resistance in biological environments, as well
as excellent mechanical properties and good

biomechanical compatibility [1—3].

The biomechanical compatibility strongly
depends on the value of the elastic modulus of the
implant material, which is used to construct the bone
and should preferably have the same elastic modulus
as the bone itself [4]. Studies have shown that this
will minimize atrophy of bone tissue due to the stress-
shielding effect, and increase the service life of the
implant [5]. Many studies are devoted to the search
for new strong biocompatible materials with a low
value of the elastic modulus in order to expand the
possibilities of the field of modern implantology, in
particular, to increase the service life of implants [6].
Due to high strength, corrosion resistance, excellent
biocompatibility, and relatively low modulus of
elasticity compared to other materials, titanium alloys
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are the most common for the manufacture of implants
[7].

Commercially pure titanium and the
Ti—6Al—4V alloy are widely used in the field of modern
implantology [8]. These materials have a modulus of
elasticity of 105—115 GPa, which exceeds the elastic
modulus of cortical bone, which is equal to
15—30 GPa [9]. In addition, the Ti—6Al—4V alloy
contains toxic elements Al and V in its composition,
the release of which in the biofluids of the body can
lead to health problems in the long term [10].
Therefore, the task of manufacturing new biocompatible
alloys with lower elastic modulus values, studying their
properties, and improving the technology of obtaining
the alloys is still relevant [11].

Mishchenko et al. [12] have developed a new
biocompatible Zr—Ti—Nb alloy with a chemical
composition of 59.57 wt.% Zr, 19.02 wt.% Ti,
21.41 wt.% Nb, and the alloy elastic modulus of
27.27 GPa, which indicates the possibility of using
this alloy as a biomedical material for the manufacture
of implants. The authors have also increased the
economic efficiency of the alloy manufacturing
technology.

The purposes of our work are as follows:

1) determination of the chemical, physical,
mechanical properties and structure of the new
Zr—Nb—Ti alloy;

2) comparison of the properties of the
Zr—Nb—Ti alloy with those of the commonly used
Ti—6Al—4V alloy;

3) development of recommendations on the use
of the Zr—Nb—Ti alloy as a biomaterial.

Experimental

Materials

The Zr—Ti—Nb alloy was produced according
to the method described elsewhere [12]. Grade
5 alloy (Ti—6Al—4V) was purchased from Zaporizhzhia
Titanium&Magnesium Combine Ltd. (Zaporizhzhia,
Ukraine).

Chemical composition

The chemical composition of the alloys was
investigated by X-ray fluorescence analysis using the
EXPERT 4L express analyzer.

X-ray phase analysis

The X-ray diffraction method was used to
characterize the phase composition and structural
parameters of both alloys. X-ray diffractograms were
taken on a standard DRON-3 diffractometer with
Bragg-Brentano geometry and filtered Co-Kea:. radiation.
Data were obtained in the 20 range from 20° to 130°,
with a step of 0.1° and a counting time of 5 seconds
per step.

Scanning electron microscopy

The structure and composition, as well as the
number and location of the main alloying elements,
were evaluated using a Tescan Mira 3 MLU scanning
microscope additionally equipped with an
Oxford X-Max 80 mm? energy dispersive spectrometer,
which additionally allows determining the elemental
and quantitative composition. The research was
conducted at an accelerating voltage of 15 kV and a
diameter of the electron probe of 4 nm, the diameter
of the X-ray excitation zone being about 2 um. In
addition, images of the surface of the Zr—Ti—Nb
alloy sample after rupture were obtained using this
method.

Wettability

The wettability was determined by measuring
the edge angle using the optical microscopy method.

Corrosion resistance of alloys

Corrosion resistance was evaluated by analyzing
the corrosion diagrams obtained for the alloys. The
diagrams were obtained using a PI-50-1 potentiostat
and a PR-8 programmer in an ordinary three-electrode
cell. The reference electrode was a silver chloride
electrode filled with a saturated KCI solution. The
tests were carried out in a solution of 0.9 wt.% NaCl
at a potential scan rate of 0.001 V/s.

Physical properties

Density was measured by dividing the weight of
the sample by its volume. The volume was measured
in two ways: direct measurement of the volume of a
cylindrical sample and the method of displacement
of water volume. The error of determining the density
did not exceed 10%.

The reflectivity was determined using a FB-2
photoflash meter, where a silver mirror was used as a
standard, the reflectivity of which was taken as 100%.

The electrical conductivity of alloys was measured
by using a specially developed scheme for measuring
the electrical conductivity of metals.

Mechanical properties of alloys

The mechanical properties of the alloys were
studied using a P-5 breaking machine. Samples in
the form of a «dumbbell» for a tearing machine were
produced in accordance with the Ukrainian state
standard DSTU ISO 6892-1:2019 by electrical erosion
cutting of a cylindrical billet from an ingot and
subsequent turning. To determine the mechanical
properties, the following parameters were studied:
tensile strength (o5, MPa), yield strength (c,,, MPa),
modulus of elasticity of the 1st kind (Young’s modulus)
(E, GPa), longitudinal elongation (8, %), transverse
narrowing (y, %). The measurement error did not
exceed 10%. The hardness was measured using a
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Vickers Hardness Tester (432SVD) of the Wolpert
Group company. Microhardness was measured using
PMT-3 microhardness tester. Microhardness values
were obtained by determining the average value of at
least five impresses along the surface for each alloy
sample.

Statistics

Three samples were used for each measurement
method. Statistical significance was accepted at a
confidence level of 90% (p<0.1).

Results and discussion

Chemical composition of alloys

The elemental composition of alloys is given in
Table 1, according to which the Zr—Ti—Nb alloy
contains only the main components and iron
impurities. In contrast, the Ti—Al—V alloy has, in
addition to the main components, impurities of other
elements that make up more than 1%. However, both
alloys have the composition declared by the
manufacturer.

Phase composition

The results of the phase analysis show that the
Zr and Nb phases predominate in the samples of the
Zr—Ti—Nb alloy (Fig. 1,a). There are Ti and NbTi,
phases in the amount of up to 2%. No other phases
were detected or their content is less than 1%.

Phase analysis of the Ti—Al—V alloy (Fig. 1,b)
indicates that titanium predominates in crystalline
samples. However, Al;Ti, and AlTi, alloys are present.
The unknown phase is also detected (about 2%),

probably including vanadium.

Scanning electron microscopy

SEM-images of the surface of Zr—Ti—Nb alloy
grinds obtained at different magnifications are shown
in Fig. 2, a,c,e.

SEM analysis indicates a uniform distribution
of Zr, Nb and Ti in the alloy. Three zones are
distinguished on the surface of the samples: the «main»
zone (the largest area, marked in Fig. 3,a as
spectrum 2), the second «gray» zone (marked in
Fig. 3,a as spectrum 1) and «black» zone (marked in
Fig. 3,a as spectrum 3).

According to the data of elemental analysis, the
«main» zone consists of alloy components found in
the following contents (wt.%): titanium 16, zirconium
63, and niobium 21. The «gray» zone (approximately
15%) has the following composition (wt.%): titanium
20, zirconium 74, and niobium 6. The «black» zone
(approximately 17%) has the following composition
(wt.%): titanium 14, zirconium 65, and niobium 21.
According to the analysis results, the second zone has
a reduced content of niobium and an increased content
of zirconium. However, the zones are located evenly
along the surface and this should not affect the
mechanical properties.

In the SEM images of the surface of Ti—Al—V
alloy grinds (Fig. 2,b,d,f), two zones are highlighted:
the «gray» zone, which has the largest area (Fig. 3,b
marked as spectrum 2) and the second «white» zone
(Fig. 3,b marked as spectrum 1). According to the

Table 1

Chemical composition of alloys

Allo Element content, wt.%

Y I"Ti [ zr | Nb | Fe | Al | V Si S Cr | Ni | Cu
Zr-Ti-Nb| 17.39 | 64.28 | 18.1 0.23 - — - — - - —
Ti-Al-V | 88.5 - - 0.5 6.43 | 3.94 0.1 005 [ 025 | 0.19 | 0.03
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Fig. 1. XRD patterns of alloys under study: a — Zr—Ti—Nb; and b — Ti—Al—V
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results of chemical analysis, the «gray» zone consists
of the following alloy components (wt.%): aluminum
7.36, titanium 89.56, and vanadium 3.08, while the
«white» zone (approximately 25%) has the following
composition (wt.%): aluminum 3.89, titanium 79.79,
and vanadium 16.23. According to the analysis of the
Ti—Al—V alloy, the second zone has a reduced content
of aluminum and titanium and an increased content
of vanadium. In the case of the Ti—Al—V alloy, in
contrast to the Zr—Ti—Nb alloy, the zones are not
located evenly along the surface. This may worsen
the mechanical properties of the Ti-Al-V alloy.

Wettability

Wettability is one of the characteristics of the
biomaterial’s surface, which affects the process of
implant osseointegration. It follows from literature
that more hydrophilic surfaces enhances the
osseointegration process. Studies have shown that the
surface energy of biomaterials strongly influences the
initial cell attachment and spreading of osteoblastic
cells on the biomaterial surfaces [1].

The wetting angle of the alloys was measured in
two ways. In the first way, the surface of the alloy
samples was not finished, and there was an oxide
layer on the surface. In the second way, the surface of
the samples was mechanically treated with 200 grade
sandpaper to remove the oxide layer from the sample’s
surface. The photographs (Fig. 4) show almost the
same strong hydrophobicity of the metal alloys that
underwent preliminary treatment to remove the oxide
film from the surface (Fig. 4, ¢ and d). The wetting
angle was 104°36' and 102°06' for the Zr—Ti—Nb and
Ti—Al—V alloys, respectively. For alloys covered with
an oxide layer, which were not previously finished
(Fig. 4, a and b), the wetting angle was 45°18' and
64° for the Zr—Ti—Nb and Ti—Al—V alloys,
respectively. The presence of an oxide film on alloys
leads to a sharp change in their surface properties
from hydrophobic to hydrophilic. It should be noted
that Zr—Ti—Nb with an oxide film exhibits better
hydrophilic properties than Ti—Al—V, which can affect
the improvement of the osseointegration process.
Table 2 shows the values of the measured wetting
angles and the calculated data for the work of
adhesion .

Electrochemical corrosion

The polarization curves were recorded for both
alloys by scanning the electrode potential from open
circuit potential to the anodic and cathodic regions
with a sweep rate of 0.001 V/s (Fig. 5). There are
three peaks in the potential range of —0.4 V to 0 V
on the anodic curve registered for the Zr—Ti—Nb
alloy. The first peak at a potential of —0.128 V probably

20 pm

10 um 10 pm

e f

Fig. 2. SEM images of the surface of alloy samples obtained
by scanning electron microscopy at different magnification:
a, ¢, e — Zr—Ti—Nb; and b, d, f — Ti—Al-V

a

Fig. 3. SEM images of the surface of alloy samples obtained
by scanning electron microscopy for the alloys:
a — Zr—Ti—Nb; and b — Ti—Al-V

! Work of adhesion was calculated using the Young-Dupre equation.
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corresponds to the oxidation of zirconium. The second
peak at a potential of —0.073 V can be attributed to
the oxidation of niobium. The third current peak at a
potential of —0.015 V can be assigned to the oxidation
of titanium. On the anodic curve for the Ti—Al—V
alloy, only one current peak is observed at a potential
of —0.015 V, which corresponds to the oxidation of
titanium. At potentials above +0.075 V both alloys
are passivated. Based on the obtained data, it is possible
to recommend the following anodic treatment:
polarization of alloy materials at potentials higher
than +0.1 V in order to obtain a passive film on the
surface and protect it against destruction.

Table 2
Wetting angle and work of adhesion
. Work of
Alloy Wetting adhesion (W),

angle (0) ml/m?
Zr-Ti—Nb with oxide film 45°18' 124.3
Zr-Ti—Nb without oxide film| 104°36’ 54.6
Ti—Al-V with oxide film 64" 105
Ti—Al-V without oxide film | 102°06' 57.7

A comparison of the corrosion properties of alloys
is shown in Fig. 6. Dependences are presented in the
form of the decimal logarithm of the current density
vs. the electrode potential to determine the stationary
corrosion potential and corrosion current density for
both alloys. The corrosion current is
3.16-1077 A/cm? and 7.11-1077 A/cm? for the
Zr—Ti—Nb and Ti—Al—V alloys, respectively
(Table 3). The corrosion potential (open circuit
potential) in a solution of 0.9 wt.% NaCl is
E..=—0.45Vand E_,=—0.288 V for the Zr—Ti—Nb

and Ti—AI—V alloy alloys, respectively. The corrosion
current density for the Zr—Ti—Nb alloy is less
important, but the Ti—Al—V alloy has a corrosion
potential with a much more positive value (by
160 mV). This indicates higher corrosion resistance
of the Ti—Al—V alloy. However, the above-mentioned
anodic treatment is likely to be able to significantly
improve the corrosion resistance of the materials in
question.

Table 3
Corrosion properties of alloys
Allo Corrosion current,| Corrosion potential,
y Alem’ \Y
Zr-Ti-Nb 3.16:10”7 —0.450
Ti-Al-V 7.11-10”7 -0.288
Physical properties

The study of physical properties was carried out
by determining the density, reflectivity and electrical
conductivity. The research data are given in Table 4.
The density of the Zr—Ti—Nb alloy is 34% greater
than that of the Ti—Al—V alloy, i.e. the Zr-Ti-Nb
alloy products will have a greater weight compared to
the Ti—Al—V alloy products of the same size. The
reflectivity of the metal surface does not differ
significantly, but it is somewhat higher for the
Zr—Ti—Nb alloy. The electrical conductivity of the
Zr—Ti—Nb alloy is greater than the electrical
conductivity of Ti—Al—V, but this difference is not

significant.
Mechanical properties

The tensile diagram of the Zr—Ti—Nb alloy
sample is shown in Fig. 7. The curve has some

Fig. 4. Photographs of water drops on the surface of alloys: a and ¢ — Zr—Ti—Nb; b and d — Ti—Al—V) to determine the
wetting angle. a and b — drops on the surface of materials with an oxide film; ¢ and d — drops on the surface of clean alloys
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characteristic sections: linear region (up to stresses of
about 510 MPa), the yield plateau of the alloy material
at 530 MPa, and the strength limit (631 MPa). The
value of the elastic modulus for the Zr—Ti—Nb alloy,
was determined by analyzing the curve in Fig. 7, it is
equal to 26.44 GPa (Table 5). This value coincides
with the modulus of elasticity of cortical bone, which
has a value of 15—30 GPa [9]. The summarized
values of the mechanical characteristics of the alloys
are given in the Table 5.
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Fig. 5. Polarization curves of the alloys under study:
1 — Zr—Ti—Nb; and 2 — Ti—Al—V. The curves were recorded
in a solution of 0.9 wt.% NaCl. The potential scan rate was
0.001 V/s

Photographs of the fracture surface of the
Zr—Ti—Nb sample are presented in Fig. 8.

The surface of the alloy after the tensile test had
a cup-shaped shape typical of a ductile fracture, with
a fibrous middle part (Fig. 8,a) and a smoother conical
outer surface (bevel). The width of the conical part,
which was formed by the mechanism of viscous failure,
characterizes the ability of the material to undergo
plastic deformation and it is equal to 0.1—0.3 mm.
The Zr—Ti—Nb alloy has sufficient strength and plastic
deformation (Table 5), which, along with a low modulus
of elasticity, allows considering this material as one
of the best for use in the manufacture of implants.

One of the important characteristics of the alloy
is microhardness, that is, the ability of the surface of
the material to resist deformation. Figures 9 and 10
show photographs of microhardness measurements of
alloys by using two different measuring devices.
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Fig. 6. Corrosion diagrams of the alloys under study:
1 — Zr—Ti—Nb; and 2 — Ti—Al—V. The curves were recorded
in a solution of 0.9 wt.% NaCl. The potential scan rate was
0.001 V/s
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Fig. 7. Experimental tensile diagrams of the Zr—Ti—Nb alloy

Table 4

Comparison of physical properties of alloys

Alloy i Value of physical properties
Density, g/cm Reflectivity, relative units | Electrical resistance x10°, ohm-m
Zr-Ti-Nb 6.17840.359 42 15.42
Ti-Al-V 4.353+0.141 39 16.56

Properties of Zr—Ti—Nb and Ti—Al—V alloys
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Table 5
Comparison of mechanical properties of alloys
Values of the mechanical properties
Alloy relatlye relatlye strength limit, | yield strength, mod.ul.us of microhardness, HV,
elongation, | narrowing, elasticity, E, . .
o o MPa MPa H, MPa relative units
% % GPa
Zr-Ti-Nb 15 54 631 530 26,44 2277(x£4%) 21744.6%
. 939" 887" . 31243.2%"
Ti-Al-V 7 20 19001200 [15]]800-1100 [157] MO T4OLIST | 3106E2%) | 500 400715
Note: * — measured values.

Imm

Fig. 8. SEM images of the surface of the Zr—Ti—Nb alloy sample after rupture at different magnifications

The value of microhardness for the Ti—Al—V
alloy is higher by 30—36% with both measuring tools.
However, both methods showed that the surface of
the Ti—Al—V alloy has significantly less plasticity,
which is indicated by fracture waves in places where
the material is deformed by the pyramid of the
measuring device, this leads to the formation of cracks
and destruction surface of the product when loaded
(Fig. 9,b and Fig. 10,b). Perhaps, it is because the
zones of Ti—Al—V alloy are not located evenly along
the surface (Fig. 3,b). This phenomenon is extremely
undesirable, especially when using the Ti—Al—V alloy
as a material for the manufacture of dental implants,
where cracks in the coating can lead to the
accumulation of bacteria and poor implantation of
the implant.

Mechanical characteristics given in Table 5
indicate that the Ti—Al—V alloy has greater strength.
Values of relative elongation and narrowing are greater
for the Zr—Ti—Nb alloy, which indicates its
significantly greater plasticity.

Conclusions

The Zr—Ti—Nb alloy does not contain toxic
elements such as aluminum and vanadium. The
structure and phase composition of the Zr—Ti—Nb
alloy indicates a uniform arrangement of elements in
the volume of the alloy.

The wetting angle of the Zr—Ti—Nb alloy with
an oxide layer is significantly smaller than that of the
Ti—Al—-V alloy, which indicates its greater
hydrophilicity and may have a positive effect on the
osseointegration process.

The corrosion resistance of the Zr—Ti—Nb alloy
is quite high, but lower than that of Ti—Al—V. Anodic
treatment of the Zr—Ti—Nb alloy surface, leading to
the formation of a passive film, can further improve
the corrosion resistance of the alloy.

The Zr—Ti—Nb alloy differs slightly in physical
properties from the Ti—Al—V alloy (except for density).

The Ti-Al-V alloy has significantly higher
mechanical strength parameters, but the Zr—Ti—Nb
alloy has significantly better properties in terms of
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Fig. 9. Photographs of the surface of a sample with an impress
from a diamond pyramid for determining microhardness using
the PMT-3 device: a — Zr—Ti—Nb; and b — Ti—Al—V.
The scale unit corresponds to a size of 30 um

50 um 50 pm

a b

Fig. 10. Photographs of the surface of a sample with an
impress from a diamond pyramid for determining Vickers
hardness: a — Zr—Ti—Nb; and b — Ti—Al—-V.

plastic deformation compared to the Ti—Al—V alloy,
as indicated by fracture and microhardness studies. It
should be especially noted that the modulus of elasticity
of the Zr—Ti—Nb alloy is 26.4 GPa, which is similar
to the modulus of elasticity of cortical bone, unlike
Ti—Al—V, whose modulus of elasticity is
110—140 GPa.

Corrosion resistance, non-toxic chemical
composition, hydrophilicity and excellent mechanical
properties allow recommending the Zr—Ti—Nb alloy
for medical applications.
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BJIACTUBOCTI CILIABIB Zr—Ti—Nb TA Ti—Al-V

C.B. Kosaavos, O.B. Osuunnuxos, K.M. Cyxuii, B.C. €ganos,
0.0. Kaainiuenrxo, H.B. Kosaavosa

CrarTsl MpUCBsiYeHA BMBUCHHIO BJIACTUBOCTEW HOBOTO
craBy Zr-Ti-Nb Ta 1ioro mopiBHSHHIO 3 BilOMMM CILJIABOM
Ti—Al—V (BT-6 — ananor Grade 5). BusnaueHo xiMiuHUI CKJIa
CIUIaBIiB i CTiliKicTh 10 Koposii. CruiaB Zr—Ti—Nb He MicTUTh
TOKCHYHUX JIOMIIIIOK, sIKi € B crutaBi Ti—Al—V, a came amomiHiit
i Bananiii. [IpoBegeHO CTPYKTYpHi mocaimxeHHs ¢a3
(PEHTTeHOCTPYKTYPHUI aHai3) Ta BU3HAYEHO IX CKJIam 3a
IOIOMOTOI0 CKaHYI04YO0i €JeKTPOHHOI MIKPOCKOIIii.
MixkpoctpykTypa i dazoBuit ckian cruiaBy Zr—Ti—Nb cBimuuTh
Ipo piBHOMIpHE pO3TalllyBaHHSI €JIEMEHTIB B O0’€Mi CILIaBy.
Kyt 3mouyBanHs1 crutaBy Zr—Ti—Nb 3 oKCUIHUM IIapoM
3HAUHO MEHIIMIA, HiX y cruiaBy Ti—Al—V, 10 cBimuuTh IIpO
iioro Ouibiny rimpodiabHicTh. Pi3UYHI METOAM MOCIIIKEHHS
BKJIIOYAJIM BU3HAYEHHSI TYCTUHU, BifIOMBHOI 3MaTHOCTI Ta
€JIEKTPONPOBIIHOCTI. MexaHiuHi BJIACTUBOCTI IOCIIIKYBaInl
LWIJISIXOM BM3HAYEHHSI MOJIYJSI MPYXKHOCTI CIJIaBiB, MexXi
MIIIHOCTi, MeXi TEeKy4YOCTi, MOJOBXHHOTO ITOJOBXEHHS,
MOIIEPEUYHOT0 3BYXXKEHHSI Ta MiKpoTBepaocTi. OcoOanBO Clrim
3a3HAYUTHU, ILIO MOAYJb IpyxXHOCTi cruaBy Zr—Ti—Nb
craHoBuTh 26,4 I'Tla, 1m0 aHaAJIOTIYHO MOIYJIIO IPYKHOCTI
KOPTHUKaJIbHOI KiCTKHU, Ha BigMiHY Bif criaBy Ti—Al—V, momynb
npyxkHocTi sgkoro ctaHoButh 110—140 I'Tla. OtpuMmani maHi
CBiZUaTh MPO Kpalli XiMiKO-MEXaHiuHi BJIACTMBOCTI CILIaBY
Zr—Ti—Nb, 1110 103BOJISIE peKOMEHIYBaTU MO0 IS MEAUYHOTO
3aCTOCYBaHHSI.

KmouoBi caoBa: Giomenuunuii crutaB, Zr—Ti—Nb; Ti—
Al—V, Kopo3is1, 3MOUyBaHiCTh, XiMi4Hi, CTPYKTYpHi Ta MEXaHiuHi
BJIACTUBOCTI.

PROPERTIES OF Zr—Ti—Nb AND Ti—Al-V ALLOYS

S.V. Kovalyov *, O.V. Ovchynnykov, K.M. Sukhyy,
V.S. Yefanov, O.0. Kalinichenko, N.V. Koval’ova

Ukrainian State University of Science and Technologies,
Dnipro, Ukraine

* e-mail: sv_kovalyov@i.ua

This article is devoted to studying the properties of the
new Zr—Ti—Nb alloy and comparing it with the well-known
Ti—AI-V alloy (BT-6, Grade 5 analog). The properties were
analyzed through chemical composition determination and
corrosion resistance assessment. The Zr—Ti—Nb alloy does not
contain the toxic impurities present in the Ti—Al—V alloy,
specifically aluminum and vanadium. Structural studies were
conducted to identify the phases (X-ray diffraction analysis) and
their composition using scanning electron microscopy. The
microstructure and phase composition of the Zr—Ti—Nb alloy
indicated a uniform distribution of elements throughout the alloy.
The wetting angle of the Zr—Ti—Nb alloy with an oxide layer is
significantly smaller than that of the Ti—Al—V alloy, suggesting
greater hydrophilicity. Physical research methods included
determining density, reflectivity, and electrical conductivity.
Mechanical properties were examined by determining the elastic
modulus, strength limit, yield strength, longitudinal elongation,
transverse contraction, and microhardness. Notably, the elastic
modulus of the Zr—Ti—Nb alloy is 26.4 GPa, similar to that of
cortical bone, in contrast to the Ti—Al—V alloy, which has an
elastic modulus of 110—140 GPa. The obtained data indicate
that the superior chemical and mechanical properties of the
Zr—Ti—Nb alloy make it suitable for medical applications.

Keywords: biomedical alloy; Zr—Ti—Nb; Ti—Al-V;
corrosion; wettability; chemical, structural, and mechanical
properties.
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