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This study aims to produce a novel zirconium alloy containing 25 wt.% tantalum and 5 wt.% titanium (Zr-
25Ta-5Ti) as a biomaterial. The proposed Zr-25Ta-5Ti was prepared in an arc-melting furnace and sub-
jected to annealing heat treatment at 1000 �C for 24 h to homogenize the microstructure and relieve
residual melting stresses. After annealing, the alloy was submitted by hot-rolled process conformation to
produce regular material. Chemical composition analyses show that the Zr-25Ta-5Ti alloy has good quality
and homogeneity. The homogenization heat treatment increased the density of the Zr-25Ta-5Ti alloy
(7.6 fi 7.8 g/cm3) due to the formation of the a phase. Structural and microstructure characterization
data showed that the Zr-25Ta-5Ti alloy has a, b, and x phases as a crystalline structure, where the
homogenization heat treatment promoted the segregation of the Ta element at the grain boundaries of the b
structure, and as a consequence, promoted the formation of the a phase. The hardness of the alloy is
superior to titanium and zirconium elements (499 ± 5 HV for as-cast condition and 272 ± 7 HV for the
annealed condition). Finally, the Zr-25Ta-5Ti alloy has low values of elastic modulus (86 ± 5 GPa for hot-
rolled alloy) compared to commercial metallic biomaterials and biological tests indicated that alloys are not
cytotoxic. Thus, taken the data together, this study brings Zr-25Ta-5Ti as a novel biomaterial to be used in
biomedical applications.
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1. Introduction

The use of implants has grown significantly over the last years,
driven by the aging of the world population, which brings with it
the increase in diseases due to skeletal dysfunctions resulting from
the natural wear and tear of the human body. In this sense, the
demand for novel biomedical materials has been increased in
dental and medical fields (Ref 1). Some of the expected properties
ofmaterials include the hardness, tensile strength, elasticmodulus,
and biocompatibility. It is known that ametallic implant used in the
orthopedic area should have mechanical compatibility with the
human bone to avoid a possible failure of the implant (Ref 2). The
implantedmaterial is expected to develop a natural elasticmodulus
value similar to bone. The bone elasticity modulus values range
from 4 to 30 GPa, depending on the bone type, location, and
measurement direction (Ref 3).

The mostly used metallic materials as biomaterials (CP-Ti,
titanium alloys, Co-Cr alloys, and stainless steel) develop a greater

elastic modulus than cortical bone; as a consequence, the implants
absorb the load necessary for the bone tomaintain its bone density,
resulting in the loss of bone density over time, loosening the
implant, and requiring revision surgery in the patient (Ref 4). This
mechanical incompatibility leads to the death of bone cells and it is
termed ‘‘stress shielding’’ (Ref 5). Thus, a material with excellent
combination, high strength, and low elastic modulus should be the
most indicated to be used as a biomaterial (Ref 6).

The most widely used titanium alloy in biomedical appli-
cations is still the Ti-6Al-4 V (Ref 7), with biocompatibility
and biological responses already described within the literature
(Ref 8). However, there are reports showing the cytotoxicity of
vanadium, while aluminum has been associated with neuro-
logical disorders (Ref 9). To better work on this matter, new
alloys without these elements are being proposed (Ref 2).

Zirconium has chemical and physical properties like tita-
nium and has an allotropic transformation at a temperature of
862 �C (Ref 10). Adding this element into titanium alloys
causes increased corrosion resistance, improved biocompatibil-
ity (Ref 11, 12), and decreases the melting point of alloys with
refractory elements (Ref 13, 14).

Tantalum has been widely used as a biomaterial due to its
excellent biocompatibility and corrosion resistance. However,
Ta has poor wear resistance, which limits its application in
load-bearing implants. Ta-Zr alloys have been developed to
overcome this limitation, and results show great potential for
biomedical applications due to high wear resistance and good
mechanical properties (Ref 3). The Ta-15Zr alloy exhibited
higher hardness and better wear resistance than pure-Ta in this
system. These findings suggest that Ta-Zr alloys may be
promising materials for load-bearing implants such as joint
replacements (Ref 15).

Thus, this study aims to produce and characterize a novel
zirconium alloy containing 5 wt.% titanium and 25 wt.%

Edriely de Oliveira Saraiva and Carlos Roberto Grandini,
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tantalum (Zr-25Ta-5Ti) through thermomechanical treatments,
aiming to achieve the well-defined properties for a material
being considered for biomedical applications.

2. Materials and Methods

The pure materials were weighed according to alloy
stoichiometry and cleaned using the standard procedure for
this type of material (Ref 16). The Zr (99.8% purity, Aldrich),
Ta (99.9% purity, Good Fellow), and Ti (99.8% purity,
Sandinox) elements were melted using an arc-voltaic furnace,
with a water-cooled copper crucible with cylindric format, non-
consumable tungsten electrode, and controlled argon atmo-
sphere to avoid contamination (Ref 17, 18). The melting
process of Ti, Ta, and Zr was repeated ten times due to the high
melting point of Ta.

An annealing heat treatment was performed to reduce
regions of micro-segregation of the Zr, Ta, and Ti elements.
Atoms diffuse into regions of nonuniform composition when
the time and temperature are high enough for this to occur. The
annealing heat treatment performed in this study involved
raising the temperature to 1000 �C at low pressure (10�7 Torr),
with a heating rate of 10 �C/min, maintaining this temperature
for 24 hours, and then slowly cooling the sample. The hot-
rolling process was carried out using a FENN machine. The
sample was held at approximately 1000 �C during the rolling
process. Reheating the samples for 5 minutes occurred every
three passes and then cooled in air. The final thickness of the
sample was approximately 4 mm.

The chemical characterization of the Zr-25Ta-5Ti alloy was
performed through density measurements, using the Archi-
medes method, on a precision balance (Ohaus, Explorer model
� 0.0001 g accuracy). The sample�s chemical composition was
analyzed using the energy dispersion spectrometry (EDS)
technique, which consists of the semi-quantitative detection of
the elements present in the Zr-25Ta-5Ti alloy. The measure-
ments were performed in an Oxford equipment, Prisma model,
coupled to a Carl Zeiss scanning electron microscope (SEM)
model EVO-LS15.

The structural characterization of the Zr-25Ta-5Ti alloy was
made using x-ray diffraction, using a Rigaku diffractometer,
MiniFlex600 model, with Cu Ka radiation (k = 1.54056 Å).
The data were collected using the powder method and the
fixed-time mode, with steps of 0.04�, ranging from 20� to 100�,
with 2h step and 10�/min. The microstructural characterization
of the samples was obtained using the Olympus optical
microscope model BX51M (OM) and the Carl Zeiss scanning
electron microscope model EVO-15 (SEM).

The initial mechanical characterization was performed from
the hardness analysis performed in a Shimadzu microdurometer
model HMV-2. The samples were indented five times in
different regions. A force of 0.245 N, with 25 g and a duration
of 60 s, was used. The technical standards for this test were
followed (Ref 14, 15). For elastic modulus measurements,
Sonelastic equipment from ATCP Engenharia Fı́sica was used.
The measurements were based on the impulse excitation
technique, following the ASTM E1876-15 standard (Ref 19).

Steel balls (AISI 52100) with a diameter of 25.4 mm and a
hardness of 818 HV were used to conduct micro-abrasive wear
tests in a dry environment. The balls rotated at 200 revolutions
per minute (rpm) for 60 minutes, resulting in wear craters in the

Zr-25Ta-5Ti alloy. It applied a 200 g load for these tests. The
wear volume (V) and wear coefficient (K) was calculated using
Archard�s law (Ref 20). The parameters established for the wear
tests were chosen according to previous studies (Ref 21).

Finally, biological characterization was done by managing
cell viability and adhesion assays using pre-osteoblastic cells
(MC3T3-E1, subclone 4). Previously, the materials were used
to conditionate the cell culture medium which was further used
to treat the cells up to 24 hours, following the recommendation
of ISO:10993-5 (Ref 16). Thereafter, the conditioned medium
was supplemented with 10% Fetal Bovine Serum (FBS) and
properly used to challenge pre-osteoblasts for 24 h; viability
was measured by the indirect cytotoxicity test (MTT), adding
1 mg/mL thiazolyl blue tetrazolium bromide salt (Sigma-
Aldrich #M5455-1G) to the culture medium, placed in an
CO2 incubator for an additional 3 hours (Ref 22, 23). DMSO
was used to solubilize the dye formed by viable cells.
Absorbance was measured at 570 nm with SYNERGY-HTX
multi-mode reader (Biotek, USA).

The pre-osteoblasts were treated for 24 h and later
trypsinized and reseeded in order to evaluate the impact of
the biomaterial on adhesion of cells (Ref 24). Adherent cells
were washed in PBS and fixed in ethanol-absolute glacial acetic
acid (3:1, v/v) for 10 minutes. Adherent cells were stained with
0.1% crystal violet (w/v) for 10 minutes; excess dye was
properly removed, and the dye extracted to measure the
absorbance at 540 nm (Ref 25, 26).

The GraphPad Prism 7 software (GraphPad Software, USA)
was used for variance analysis (unpaired t test) or nonpara-
metric analysis. The p value < 0.05 was considered statisti-
cally significant.

3. Results and Discussion

Figure 1 shows the chemical composition via EDS, where
well-defined peaks of the Ka and Ma energies of zirconium,
tantalum, and titanium elements were found. No energy peaks
of other elements considered traces were detected, indicating
the high-purity of this formulation.

Through the semi-quantitative analysis of EDS, Zr (blue), Ta
(green), and Ti (red) elements were mapped to verify the

Fig. 1 Energy dispersive spectroscopy for a sample of as-cast Zr-
25Ta-5Ti alloy
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homogeneity and stoichiometry of the produced alloys (Fig. 2),
showing purity and homogeneity in the produced alloy, which
corroborates with the analysis of Fig. 1. The chemical
composition results via EDS are presented in Fig. 1 legend,
showing that the produced alloy has a chemical composition
like the nominal values. The ASTM standard for the Ti-15Mo
alloy suggests that the error in the weight percentage of
molybdenum for a produced alloy should be less than 1% (Ref
27). Thus, an alloy with 14 and 16% weight of molybdenum
can be considered satisfactory and designated as Ti-15Mo.
Extrapolating the standard to the Zr-25Ta-5Ti alloy, the
variation, plus or minus, of the amount of Zr should be 1.7%
in weight of the alloy (23.3–26.7), and the error for Ti should
be less than 0.3% (4.7–5.3).

Considering these data, it can be concluded that the
variation of Zr was well below the standard, the variation of
Ta is within the expected range, and there was no variation in
Ti, resulting from a adequate melting process.

Additionally, density analysis was performed using the
Archimedes principle. Understanding the density of a metal
considered a biomaterial has been analyzed in the scientific
community because metals have a high-density value compared
to human cortical bone, and metals implanted with high density
increase the load applied to repaired bone tissue. In this regard,
titanium alloys that contain aluminum, such as Ti-6Al-4 V,
have a physical advantage because substituting aluminum
reduces the density of titanium alloys (Ref 28). On the other
hand, the toxicity of Al due to the release of ions into the
bloodstream has been proven (Ref 29), however, a better
discussion and definition about the physiological concentration
of Al needs to be better addressed.

The produced alloy has a density of 7.6 ± 0.1 g/cm3,
similar to the theoretical value one (7.7 g/cm3), indicating that
stoichiometry was respected; after the annealing treatment, it
was observed that the density of the alloys increased
(7.8 ± 0.4 g/cm3), while after hot-rolling, the value showed a
noticeable decrease (7.1 ± 0.3 g/cm3).

The heat treatment with slow cooling (annealing) promotes
the formation of the a phase (hexagonal close-packed struc-
ture), which is stable at low temperatures (Ref 30), and the a
phase has a higher atomic packing factor than the b phase,
making it denser (Ref 31). As a result, there was a slight
increase in density in the alloy subjected to the heat treatment.
After hot-rolling, there was a decrease in the density value,
indicating a probable increase in the b phase and a reduction in
the a phase. The b phase has a lower packing factor, hence less
dense. The results of microstructural characterization will
clarify the statements regarding the density values.

The average density of human cortical bone is approxi-
mately 1.5 g/cm3. Alloys such as Ti-6Al-4 V, Ti-15Mo, TNZT,
Co-Cr, and stainless steel are commonly used as biomaterials
has a density from 4.4 g/cm3 (Ti-6L-4 V) to 8.9 g/cm3 (Co-Cr)
(Ref 32). Comparing these alloys with the produced Zr-25Ta-
5Ti alloy, its density (7.6 ± 0.1 g/cm3 in as-cast condition) is a
good value, suggesting that the Zr-25Ta-5Ti alloy may be a
promising option as a biomaterial due to its high compatibility
with human bone and its potential ability to support mechanical
loads.

An empirical theory for determining the phases of alloys has
been developed (Ref 33). To calculate the a and b phases, two
elements, aluminum, and molybdenum, were chosen as refer-
ences for phase stabilization, respectively (Ref 34). Equations 1
and 2 are shown below, representing the equivalence of Al (Al-
eq) for predicting the a phase and the equivalence of Mo (Mo-
eq) for predicting the b phase.

To better understand the phase predicted by the theory for
the Zr-25Ta-5Ti alloy, the values of Mo-eq and Al-eq were
plotted on the diagram (Fig. 3), adapted from John Mantione
et al. 2020 (Ref 35). From the diagram, it can be observed that
the Zr-25Ta-Ti alloy is located in a region rich in a phase, but
small amounts of a’ (distorted hexagonal close-packed) and b
phases may be detected. Therefore, heat treatments or mechan-
ical deformations may alter the quantities of phases present in
the Zr-25Ta-5Ti alloy.

Mo½ �eq ¼ Moþ 0:28Nbþ 0:22Taþ 0; 67Vþ 1:60Cr

ðEq 1Þ

Al½ �eq ¼ Moþ 0:17Zr þ 0:33SnTaþ 10:0:O ðEq 2Þ

Thermo-Calc is a widely used computational simulation
software in the metallurgical and materials industry to predict
and optimize the behavior of metallic alloys under different
processing conditions (Ref 36). The program was used to
understand how crystalline phases change as a function of
temperature based on thermodynamic and phase equilibrium
calculations, allowing for the prediction of microstructures,
mechanical properties, etc. Considering Fig. 4, it was possible
to observe the suppression of the a phase with increasing
temperature and the b phase precipitation, where the b transus
is at 647 �C, and the liquidus is at 2077 �C. It is worth noting
that the annealing heat treatment and hot-rolling were per-
formed above the b transus temperature, that is, in the b region.

Figure 5 shows the x-ray diffraction patterns obtained for
pure Zr, Ta, Ti, and the Zr-25Ta-5Ti alloys after melting,
annealing, and hot-rolling. The Zr-25Ta-5Ti as-cast condition
alloy presents a structure consisting of hexagonal close-packed

Fig. 2 EDS elemental mapping of as-cast Zr-25Ta-5Ti alloy (Zr = 68%, Ta = 27% and Ti = 5 wt.%)
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(a phase), body-centered cubic (b phase), and tetragonal crystal
structure (x phase). Due to the presence of the x phase, this
alloy should have high hardness and elastic modulus values,
making it unsuitable for biomedical applications after melting
(Ref 37).

After the annealing treatment, the alloy exhibits only peaks
corresponding to the a and b phases. In contrast, the previously
observed x phase has been suppressed due to the emergence of
additional a phase peaks. This suppression can be attributed to
titanium in the alloy, which acts as an a-stabilizing element
(Ref 38). The incorporation of titanium contributes to the high
values of elastic modulus and hardness, thereby facilitating the
potential use of the alloy as a bone substitute in future
applications (Ref 2). It is worth mentioning that the slow

cooling during the annealing process provides favorable
thermodynamic conductions for forming stable Zr phases at
low temperatures, in this case, the a phase.

Fig. 3 Plot of Al equivalency (Al-eq) and Mo equivalency (Mo-eq) for titanium alloys (adapted from John Mantione et al. 2020 (Ref 35))

Fig. 4 Plot of Zr-25Ta-5Ti in Thermo-Calc simulation (SGTE
PURE5 database)

Fig. 5 X-ray diffraction patterns for pure elements (Ti, Zr and Ta)
and Zr-25Ta-5Ti in all studied conditions
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Finally, after hot-rolling in the alloy, the a and b phases
peaks are maintained, and the x phase reappears due to the
high-temperature rolling (Ref 39). The structure of the as-cast
and hot-rolled conditions is very similar.

The micrographs obtained by scanning electron microscopy
are shown in Fig. 6. The as-cast condition alloy presents grain
contours, the characteristic microstructure of the b phase, as it
can be observed that only 25% of Tantalum is enough to
maintain the b phase. In the micrographs, it is impossible to see
the a phase, characterized by intra-grain needles, although it
has already been observed on XRD (Ref 31).

The annealed alloy shows some agglomerates composed of
Ta, as shown in the micrograph in Fig. 6. The agglomeration is
due to the high-temperature treatment and the lower diffusivity
of tantalum compared to other elements present. Additionally,
the micrograph reveals grain boundaries, b phase, and intra-
grain needles characteristic of alloys with the a phase.

Finally, the hot-rolled alloy�s micrograph presents the same
agglomerates previously seen in the annealed ones, but in
smaller quantities, in addition to grain boundaries characteristic
of the b phase and intra-grain needles characteristic alloys with
the a phase. The XRD analysis corroborates these results, it is
important to note that the x phase can be detected through
transmission electron microscopy (Ref 40).

The Mo and Al theory, as shown in Fig. 3, predicted that the
alloy would be rich in the a phase. However, after x-ray
diffraction analysis and optical microscopy, it was observed
that this theory did not apply to the studied alloy. In optical
microscopy, characteristic microstructures of the b phase were
identified, while x-ray diffraction revealed peaks corresponding
to the a, b, and x phases. These results indicate that the Zr-
25Ta-5Ti alloy exhibits a complex phase distribution beyond
the initial theoretical prediction based solely on the Mo and Al
parameters.

In addition, the results of structural and microstructural
characterization indicated that the annealed condition has a
greater amount of a phase; due to this behavior, it is understood
why the annealed alloy has a higher density value than the other
conditions (as-cast and e hot-rolled). The a phase is responsible
for increasing the density in the annealed condition, as the
compact hexagonal phase has a higher atomic packing factor
compared to the body-centered cubic crystalline structure.

Two mechanical properties tests were carried out to
determine the hardness and elastic modulus of the alloy
(Table 1). Understanding the hardness of biomedical alloys is
crucial because metals with high hardness are usually brittle,
making it difficult for mechanical forming to produce biomed-
ical rods, plates, and screws (Ref 41). The as-cast condition

Fig. 6 Scanning electron microscopy images for Zr-25Ta-5Ti
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alloy has a hardness value of approximately 500 HV, higher
than the CP-Zr element (150 HV). With the annealing process,
the hardness value of the alloy dropped by almost half, to 272
HV, making the alloy viable for applications as a biomaterial.
The Zr-25Ta-5Ti after the hot-rolling has had an increased
hardness value compared to the annealed sample at 382 HV.

The analysis of hardness values provides valuable insights
into the effects of the annealing process on the alloy. The
annealing treatment resulted in a reduction in the hardness of
the alloy under the investigated conditions. The decrement in
hardness can be attributed to eliminating the x phase from the
alloy�s microstructure following the annealing process, as
confirmed by the x-ray diffraction analysis. Conversely, the
alloy subjected to the rolling process exhibited a notable in-
crease in hardness compared to the annealed counterpart. The
increase can be attributed to the reoccurrence of the x phase
within the alloy�s microstructure, known for its inherent high
hardness properties. These findings highlight the significant
influence of phase transformations on the mechanical properties
of the Zr-25Ta-5Ti alloy and emphasize the potential for
tailoring its hardness through appropriate thermal treatments.

Regarding elastic modulus, it can be observed that the value
of the elastic modulus for the annealed alloy is very high when
considering its use as a biomaterial. However, after hot-rolling,
it is possible to observe a decrease in the value, making the
alloy promising for use as a biomaterial, especially when
compared to CP-Zr. This increase is probably associated with
the x phase. Concerning the elastic modulus, high values of
elastic modulus are undesirable. Thus, the alloy after rolling has
a better result than many orthopedic and dental implant alloys,
such as CP-Ti, CP-Ta, Ti-6Al-4 V, Ti-15Mo, Co-Cr alloys, and
stainless steel (Ref 6).

Wear analyzes were performed on the Zr-25Ta-5Ti alloy in
all conditions studied (as-cast, annealed, and hot-rolled) using
the ball cratering technique. For a simple comparison, the
surfaces of CP-Ti and commercial Ti-6Al-4 V alloy were
ground. Figure 7 shows the craters produced on the surfaces of
materials a), along with wear volume and wear coefficient data
b).

Crater images show that the Zr-25Ta-5Ti alloy has a worse
resistance to abrasive wear compared to CP-Ti and Ti-6Al-4 V,
mainly for the alloy in the hot-rolled condition that has the
highest value of worn volume (0.5 mm3), consequently, a
higher wear coefficient value (K = 6 x 10-10 mm3/N.mm).

As previously noted, the structural and microstructural
characterization analyses showed that the Zr-25Ta-5Ti alloy has
the x phase in its crystalline phase. Numerous studies in the
literature report the effect of the x phase on changing the
mechanical properties and hardness of titanium and zirconium
alloys intended for biomedical applications, showing that this
phase is undesirable for metals used in orthopedics and

dentistry due to its hardening and weakening effect. (Ref 38,
42, 43). Due to the x phase, the alloys produced in this work do
not have good wear resistance results.

Due to low wear resistance, the Zr-25Ta-5Ti alloy does not
have a high potential for use as load-bearing implants or joint
implants (hip and knee). Even so, the material can be used in
regions of the human body where the bone is not subject to
mechanical stress, such as the skull, or as a fixation prosthesis,
screws, scalpels, and other medical devices that have short
contact with the human body.

Finally, a classical cytotoxicity assay was applied in order to
better know whether this biomaterial prototype triggered some
toxicity considering osteoblasts. The data from MTT assay
show there is no cytotoxicity effect in osteoblasts, once Fig. 8a
brings a very similar performance of cells responding to both
control and Zr-25Ta-5Ti. Important to mention that in accor-
dance to ISO10993 standard (Ref 44), a percentage difference
in cell absorbance greater than 70% compared to the control
group is required for considering a material being cytotoxic.
This strategy of measuring cytotoxicity of biomaterials using
MTT has longer been used (Ref 45). Thereafter, a better
comprehension of the effect of the Zr-25Ta-5Ti on osteoblast
adhesion was also concerned in study. Figure 8b shows there is
no difference between control and Zr-25Ta-5Ti, and it means a
high capacity of the material in promoting cell adhesion, once
polystyrene has been used as control in this experiment and
polystyrene is widely used as polymer in cell culture staffs.
Altogether, the data show there is non-cytotoxic effect.
Therefore, the alloy demonstrated primary potential for use as
a biomaterial (Ref 25). Thus, this data gathers enough evidence
that Zr-25Ta-5Ti does not trigger any deleterious effect in
osteoblast, and studies are called for better understating its
effect on osteoblast metabolism (Ref 46).

4. Conclusion

Considering that: (i) The chemical composition analysis and
EDS mapping indicate that the alloy maintained the stoichiom-
etry proposed in this work; (ii) The density values indicate that
the stoichiometry of the alloy was respected and that this value
tends to increase after annealing heat treatment due to the a
phase form; (iii) The as-cast alloy condition predominates the b
phase, with the coexistence of a and x phases. The micro-
graphs show equiaxed grain structures characteristic of the b
phase; (iv) After annealing heat treatment, the x phase was
suppressed, and the a phase appeared. The micrographs show
equiaxed grain structures, characteristic of the b phase, and
needle-like lamellar structures, characteristic of the a phase; (v)
After hot-rolling, the alloy maintains the predominance of the a

Table 1 Vickers microhardness and elastic modulus of the as-cast, annealed, and hot-rolled Zr-25-5Ti alloy

Alloys Microhardness (HV) Elastic Modulus (GPa)

Zr-25Ta-5Ti (as-cast) 499 ± 5 88 ± 5
Zr-25Ta-5Ti (annealed) 272 ± 8 112 ± 7
Zr-25Ta-5Ti (hot-rolled) 382 ± 7 86 ± 5
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phase and the coexistence of the b and x phases; (vi) The
microhardness test shows that the as-cast alloy is not viable for
use as a biomaterial due to its high hardness, justified by the
presence of the x phase. However, the values tend to decrease
with heat treatment and hot-rolling; (vii) The elastic modulus of
the Zr-25Ta-5Ti alloy tends to decrease with the hot-rolling
process, which is a good value and better than many orthopedic
and dental implant alloys such as CP-Ti, CP-Ta, Ti-6Al-4 V, Ti-
15Mo, Co-Cr alloys, and stainless steel; (viii) The wear tests
showed that the Zr-25Ta-5Ti alloy has a low resistance to
abrasive wear. This behavior is due to the formation of the x

phase, which has the characteristic of weakening the alloy; (ix)
CP-Ti and Ti-6Al-4 V alloys have higher wear resistance
compared to Zr-25Ta-5Ti zirconium alloy; and (x) Zr-25Ta-5Ti
alloy provides preliminary information on biocompatibility.
Altogether, the data shown in this study reinforce the possibility
of the Zr-25Ta-5Ti alloy in being considered for biomedical
applications; however, a set of methodological strategies still
needs to be considered in order to better investigate the lack
when the biological responses are considered at this stage of
development of biomaterials.

Fig. 7 Image of the characteristic craters of samples worn by the ball cratering technique carried out on the surface of CP-Ti, Ti-6Al-4 V, and
Zr-25ta-5Ti alloys (a), in addition to the values of the worn value and coefficient of wear obtained through the tests (b)
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