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Abstract: Rising demand for bone implants has led to the focus on future alternatives of alloys with
better biocompatibility and mechanical strength. Thus, this research is dedicated to the synthesis and
investigation of new compositions for low-alloyed Ti-based compounds, which conjoin relatively
acceptable mechanical properties and low elastic moduli. In this regard, the structural and mechanical
properties of α + β Ti-Fe-Cu-Sn alloys are described in the present paper. The alloys were fabricated
by arc-melting and tilt-casting techniques which followed subsequent thermo-mechanical treatment
aided by dual-axial forging and rolling procedures. The effect of the concentrations of the alloying
elements, and other parameters, such as regimes of rolling and dual-axial forging operation, on the
microstructure and mechanical properties were thoroughly investigated. The Ti94Fe1Cu1Sn4 alloy
with the most promising mechanical properties was subjected to thermo-mechanical treatment.
After a single rolling procedure at 750 ◦C, the alloy exhibited tensile strength and tensile plasticity of
1300 MPa and 6%, respectively, with an elastic modulus of 70 GPa. Such good tensile mechanical
properties are explained by the optimal volume fraction balance between α and β phases and the
texture alignment obtained, providing superior alternatives in comparison to pure α- titanium alloys.

Keywords: titanium-based alloys; mechanical properties; thermo-mechanical treatment; tensile strain
and plasticity

1. Introduction

Titanium-based alloys have shown tremendous potential in different lightweight applications.
These alloys have found their way in various application fields, such as the aeronautic industry,
transport engineering, chemical engineering, and medicine, owing to those light weight; high strength,
which extends to a wide temperature scale; and its biocompatibility and non-corrosive nature [1–3].
Thus, due to these superior characteristics over other materials, titanium and its alloys have found a
special attention in the biomedical field [4–14]. However, to be an ideal candidate as a replacement
material in the case of implants in the human body, along with being biocompatible, it should be
able to imitate the native part as closely as possible. This can be explained with a bone implant
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example where the mechanical properties between the implant and original bone should be close
enough to function properly. But, the problem with using Ti-based alloys is that they have very high
elastic moduli, which hinders their application in the biomedical field. A good example of this is
of commercial Ti and Ti-6Al-4V alloy (most common alloy) having elastic moduli of ≈105 GPa and
≈110 GPa, respectively [5,15], which surpasses human bone, the latter having elastic modulus of
≈10–30 GPa [4,16]. Low elastic modulus close to that of a bone is a desirable characteristic for Ti alloys
to avoid the stress shielding effect [17]. Therefore, to attain successful implants, it becomes necessary
to decrease the elastic moduli of such materials without forfeiting their supplementary properties.

One of the ways to decrease the elastic moduli of Ti-based alloys, to be close to those of natural
human bone, is the formation of a β-Ti structure. In order to stabilize the composition of the β-Ti
phase in Ti-based alloys, very often Ti is alloyed with relatively large amounts of Nb and Ta [12,17,18].
Also, nitrogen (N) doping in Ti-based alloys helps reduce the elastic modulus [19,20]. At low
concentrations, nitrogen can be embedded interstitially in the lattice of α and β titanium [21–23]
without influencing the size of the unit cell; rather, it tends to form strong covalent bonds with Ti,
reducing the interatomic distances. The addition of nitrogen leads to electron localization, consequently
reducing the distance and the size of the unit cell. This phenomenon has been well established in
our previous report for the Ti93.4Pd2.95Ag2.95N0.7 alloy exhibiting a relatively low elastic modulus of
≈65 GPa [24]. Moreover, incorporation of tin (Sn) during alloying can also aid in decreasing the elastic
modulus in Ti-based alloys. For instance, Ozaki et al. [25] showed that the addition of Sn to binary Ti
alloys suppresses or retards β to α transformation, thereby decreasing the elastic modulus in the β-Ti
alloys. A Ti-Nb-Sn alloy with an optimized composition exhibited a very low elastic modulus of about
40 GPa [26–28]. Likewise, Zhao et al. [29,30] revealed that the addition of Sn improves the mechanical
performances of Ti-based alloys; their influence is especially prominent on the increased yield stress of
the alloy.

Keeping all this in mind, all our previous research was focused on developing low-alloyed
α + β titanium alloys [31–38]. Our group was successful in developing a low-alloyed Ti-based
(Ti94Fe3Cu3) alloy with comparatively good mechanical and electrochemical properties by simple
thermo-mechanical treatment following a dual-axial forging procedure. These findings gave way
to enhancing the mechanical properties to a further extent [31–34]. Interchanging Fe and Cu with
Pd and Ag enhanced the biocompatibility, with a slight effect on the mechanical properties [35–37].
Among them, Ti94Ag3Pd3 outperformed all the other alloys, exhibiting an optimum combination of
physical and biocompatibility owing to the presence of Ag as an antibacterial agent [24,38].

However, it should be noted that Fe is considered to be amongst the most efficient β-phase
stabilizing elements, having the ability to increase the mechanical strength and improve the hot
cracking resistance of Ti-based alloys [39–42]. Based on the literature it is advised to maintain the
Fe composition between 1% and 4% to yield maximum tensile mechanical properties [43]. In a
similar manner, copper also functions as a β-stabilizing element; which can provide superior hardness,
high strength, and good wear resistance [44–47]. Besides, the presence of low amounts of Cu has
enabled adequate cell biocompatibility to Ti-based alloys without influencing cell proliferation and
differentiation [48]. Moreover, Cu has been already used as an antibacterial agent [49,50].

With all the development achieved so far, the focus of this research was to synthesize inexpensive,
low-alloy α + β titanium alloys. This was based on Ti-Fe-Cu elements to achieve a synergetic effect
of high strength and plasticity together with low elastic modulus via dual-axial forging and rolling
methods. Besides, the influence of Sn addition on the mechanical properties and the elastic modulus of
the fabricated alloys was analyzed.
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2. Materials and Methods

2.1. Alloy Preparation

Different compositions of titanium alloy rods, namely, Ti90Fe3Cu3Sn4, Ti92Fe2Cu2Sn4,
Ti94Fe2Cu2Sn2, Ti92Fe3Cu3Sn2, and Ti94Fe1Cu1Sn4, were prepared by arc melting technique using metal
mixtures having a purity of ≈99.9%. All the compositions are presented in their atomic percentage
values. Each rod had dimensions of 5 and 50 mm for diameter and length respectively. The entire
experiment was carried out under argon atmosphere followed by purification using Ti getter, and finally,
the alloys were tilt cast into a Cu mold. To achieve homogenous composition throughout the rod,
the ingots were turned over and re-melted for five times.

2.2. Analysis of the Crystalline Structure

X-ray diffraction (XRD) was carried out to study the phase composition of alloys under
monochromatic Cu-Kα radiation and the horizontal position of the sample (2θ angles: from 20◦

to 80◦. Step: 0.02. Exposition time per step: 2 s). An accuracy of ±0.0001 nm and ±5% was obtained
for lattice parameters and volume fraction of crystalline phases, respectively [51]. The size of the
coherent-scattering region (CSR or crystallites) and the root-mean-square (RMS) microstrain were
determined from the broadening of the diffraction peaks by Rietveld refinement of the X-ray spectra
using dedicated software packages [51]. The Cauchy function was used as an approximating function.
The error in the crystallite size and root-mean-square microstrain evaluation were ±5 nm and ±0.005%
respectively [51].

Scanning electron microscopy (SEM, produced by Carl Zeiss Group, Oberkochen, Germany)
facilitated with an energy dispersive X-ray spectrometer (EDS) was employed to capture the
microstructure morphology of the ingots at 15 kV was employed to study the microstructure of
the ingots. Before the imaging, the samples were mechanically grounded and etched using Kroll’s
reagent (1–3 mL hydrofluoric acid and 2–6 mL nitric acid dissolved in 100 mL of water) for 3–10 s [52].

2.3. Dual-Axial Forging Procedure and Mechanical Testing

Dual-axial forging was carried out based on our previous studies [24,31–38] and Ti-Fe-Cu-Sn
phase diagrams. In brief, the initial forging procedure was carried out along the long axis with 15 cycles
of ingot rotation at a constant temperature of 900 ◦C, which corresponds to β-Ti region. Around 60–70%
of the dimensional reduction was achieved during the first forging cycle. All the initial rolling was
carried out at 900 ◦C, whereas the single-cycle rolling operation was undertaken at 750 ◦C which
mainly corresponds to the α + β Ti region.

All the tensile mechanical parameters were measured with a standard mechanical testing machine
(Zwick Roell Group, Ulm, Germany) by applying a strain rate of 5 × 10−4 s−1 at room temperature
(25 ◦C). Rectangular alloy samples with a cross-section area of 2 × 2 mm and 33 mm in length were
tested. Application of KYOWA DPM-912A strain gage allowed measuring real strain.

Microhardness of the alloys was measured using the “Mitutoyo hardness micro wizard testing”
machine (Mitutoyo, Kawasaki, Japan) at 500 g load.

3. Results and Discussion

The present investigation on titanium-based alloys follows the direction of low alloying of titanium
with non-expensive beta-phase stabilizing elements along with the incorporation of tin to reduce
the elastic modulus. Table 1 summarizes the mechanical properties of the alloys investigated in the
present work in the as-cast state and the changes after different kinds of thermo-mechanical treatment.
Among all the compositions studied, the Ti94Fe1Cu1Sn4 alloy samples exhibited the best results.
That was because for that alloy, it was possible to improve the mechanical properties with the help
of thermo-mechanical processing, i.e., it was strengthened by simple forging or rolling operations.
It was also possible to slightly reduce the elastic modulus from >100 GPa to 70–75 GPa, compared to
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the conventional Ti alloys and pure Ti (Table 1.1 in [26]). It should be noted, that even in the as-cast
state this alloy has promising tensile mechanical properties, which can be improved by a single rolling
procedure (at 750 ◦C) without hampering ductility (Table 1). The microhardness of each sample can be
increased by thermo-mechanical treatment but most of the samples remain brittle (Table 1).

Table 1. Mechanical properties of the investigated alloys in the as-cast state and after thermomechanical
treatment (σuts—ultimate tensile strength; σ0.2—yield strength; δ—tensile plasticity; E—elastic modulus;
HV—microhardness).

Alloy
Composition Treatment σuts,

MPa
σ0.2,
MPa δ,% E, GPa HV

Ti90Fe3Cu3Sn4

As cast 520 ± 20 - 0

98 ± 10

492 ± 30

Rolled at 900 ◦C 750 ± 20 - 0 501 ± 30

Forged at 900 ◦C for 15 times 460 ± 20 - 0 513 ± 20

Ti92Fe2Cu2Sn4

As-cast 1000 ± 30 950 ± 20 0.3 ± 0.2

93 ± 10

440 ± 20

Forged at 900 ◦C for 15 times 880 ± 20 - 0 562 ± 30

Rolled at 900 ◦C 720 ± 20 - 0 558 ± 20

Ti94Fe1Cu1Sn4

As-cast 920 ± 20 860 ± 40 7 ± 1 75 ± 10 326 ± 15

Rolled at 750 ◦C 1300 ± 30 1070 ± 30 6 ± 1 70 ± 10 416 ± 30

Rolled at 900 ◦C 1080 ± 30 900 ± 20 0.7 ± 0.5
95 ± 10

440 ± 20

Forged 900 ◦C for 15 times 1300 ± 30 1070 ± 30 1.5 ± 1 513 ± 40

Ti94Fe2Cu2Sn2

As-cast 800 ± 20 - 0

100 ± 10

437 ± 15

Forged at 900 ◦C for 15 times 740 ± 20 - 0 587 ± 30

Rolled at 900 ◦C 1000 ± 30 - 0 555 ± 40

Ti92Fe3Cu3Sn2

As-cast 290 ± 50 280 ± 40 0.5 ± 0.5

90 ± 10

323 ± 20

Forged at 900 ◦C for 15 times 400 ± 20 - 0 523 ± 30

Rolled at 900 ◦C 540 ± 20 - 0 446 ± 30

Ti94Fe3Cu3 (large amount of β-Ti phase) [31] 1200 ± 30 1050 ± 20 8 ± 2 70 ± 10 430 ± 20

Pure Ti (for comparison, as-cast state [38]) 400 ± 50 320 ± 40 50 ± 5 110 ± 10 145 ± 15

All the other alloy compositions (Ti90Fe3Cu3Sn4, Ti92Fe2Cu2Sn4, Ti94Fe2Cu2Sn2,
and Ti92Fe3Cu3Sn2) show quite poor mechanical properties with high brittleness and lack of
plasticity in the as-cast state and after thermo-mechanical treatment (Table 1). Such poor results
in mechanical properties can be explained based on the formation of ω phase. It is observed that
in some cases, that Fe plays the role of ω-phase stabilization element which embrittles Ti-based
alloy samples [53,54]. Besides, in our previous research on Ti-based alloys containing Fe, which
exhibited brittleness during tensile tests [24,36], the formation of the ω phase was clearly detected
(by TEM and XRD). Therefore, finding the combination of the alloying elements that can partially
or completely suppress the formation of ω phase is highly desirable. Thus, due to the brittleness,
these alloys (Ti90Fe3Cu3Sn4, Ti92Fe2Cu2Sn4, Ti94Fe2Cu2Sn2, and Ti92Fe3Cu3Sn2) were not used for
further experiments.

It was noticed that even conducting different types of thermo-mechanical treatments did not
change the phase composition, and therefore, the elastic moduli in almost all of the alloys (except for
Ti94Fe1Cu1Sn4) were high. The approximate value of the elastic modulus of each alloy is presented in
Table 1.

According to the XRD analyses, the optimal Ti94Fe1Cu1Sn4 alloy showsα+β-Ti phase composition
in the as-cast state and after thermomechanical treatment (Figure 1a–d). It should be also pointed
out that even in the as-cast state this alloy has relatively high tensile strength (σuts ≈ 920 MPa), yield
strength (σ0.2 ≈ 860 MPa) and plasticity (δ ≈ 7%). These values are very promising compared to the
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results displayed by other alloy compositions (Figure 1e and Table 1). The tensile strength of the alloys
showed further improvement after dual-axial forging, but at the cost of plastic strain (Figure 1e and
Table 1). Hence, due to the relatively insufficient influence of dual-axial forging on tensile plasticity,
single rolling operation at low temperature (750 ◦C) was attempted, as in our previous work [24].
Contrary to the results obtained from dual-axial forging, the low-temperature rolling operation led
to an increase in tensile strength (σuts ≈ 1300 MPa) and in yield strength (σ0.2 ≈ 1050 MPa), while it
retained tensile plasticity of ≈6% (Figure 1e and Table 1).
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Figure 1. XRD analyses of the Ti94Fe1Cu1Sn4 alloy samples in the (a) as-cast state, (b) rolled at 900 ◦C,
(c) rolled at 750 ◦C, and (d) forged at 900 ◦C 15 times with sample rotation along the long axis, and (e)
the tensile mechanical properties of all the samples investigated.

Table 2 summarizes the phase composition, lattice parameters, size of coherent X-ray scattering
regions, and the root-mean-square microstrain of the Ti94Fe1Cu1Sn4 alloy samples in the as-cast state
and after different types of thermo-mechanical treatment.

Table 2. Type of the treatment, phase composition, lattice parameters, size of coherent scattering
regions, and root-mean-square microstrain of the Ti94Fe1Cu1Sn4 alloy, obtained using XRD analyses.

Alloys
Composition

Phase
Composition, vol.

%

Lattice Parameter,
nm

Coherent-Scattering
Region Size, nm

Root-Mean
Square

Microstrain, %

As cast

α-Ti, 80 a: 0.2899 >500 0.218

(type A3) c: 0.4615 - -

β-Ti, 20 - - -

(type A2) a: 0.3195 >500 0.042

Rolled at 900 ◦C

α-Ti, 98 a: 0.2905 20 0.292

(type A3) c: 0.4618 - -

β-Ti, 2 - - -

(type A2) a: 0.3260 15 0.013

Rolled at 750 ◦C

α-Ti, 70 a: 0.2916 35 0.381

(type A3) c: 0.4667 - -

β-Ti, 30 - - -

(type A2) a: 0.3204 10 0.248

Forged at 900 ◦C

α-Ti, 98 a: 0.2986 15 0.31

(type A3) c: 0.4651 - -

β-Ti, 2 - - -

(type A2) a: 0.3304 10 0.331
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Table 2 reveals that the α + β- Ti phase mixture is heavily deformed in the Ti94Fe1Cu1Sn4 alloy
after thermo-mechanical treatment. At the same time, the mechanical properties also depend on the
phase composition of the alloys. For example, the volume ratio between α and β phases after the rolling
operation at 750 ◦C (Table 2) is close to 70 to 30. Moreover, XRD analyses (Figure 1c) revealed that the
rolled samples are textured. This can be seen by the significant integral intensity of the (002), (102),
and (103) reflexes of the α-Ti phase and the low integral intensity of the (101) reflexes of the β-Ti phase.
Such preferred orientation of the grains also contributes to the enhancement of mechanical properties,
i.e., the increase in tensile strength, while retaining its tensile plasticity. On one hand, the increase
in tensile strength is due to the deformation of the alloy’s microcrystalline structure (increase in the
dislocation density, grains fragmentation, etc.). On the other hand, the retention of the tensile plasticity
is owed to the formation of oriented microcrystalline structure (preferred deformation in the direction
of oriented texture).

From the SEM analysis, relatively large grains, approximately ranging between 100 and 150 µm,
can be observed in the images of the as-cast samples (Figure 2a). The fractured surface exhibits viscous,
brittle features (Figure 2b–c) after undergoing room temperature tensile testing. The structure of the
rolled samples (single cycle rolling operation at 750 ◦C) consists of α- and β-Ti phase layers, with each
layer thicknesses between 5 and 10 µm (Figure 2d). The features observed on the fracture surface also
indicate viscous, brittle failure (Figure 2e,f).
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Figure 2. SEM images of the Ti94Fe1Cu1Sn4 alloy samples surfaces before and after the single cycle
rolling operation at 750 ◦C. (a) As-cast sample: sample surface, (b) fracture surface of tensile sample,
and (c) a viscous, brittle fracture. (d) Rolled sample: sample surface, (e) fracture surface, and (f)
viscous-brittle fracture.

The differences between the chemical compositions of α and β-Ti phases are presented in
Figure 3. Figure 3a depicts an SEM image of the layers of α and β-Ti grains after the rolling operation.
An EDS line scan was performed across different phases. It is evident that the grains of β-Ti phase
contain a significantly larger amount of the alloying elements (Cu, Fe) than the α-Ti grains. For α-Ti,
the concentration of Ti is much higher (Figure 3b). A similar trend with respect to the EDS line scan
was visualized by the element mapping of the same alloy sample (Figure 3c–g). This result depicted
in Figure 3 has a good correlation with the binary phase diagrams of Ti-Fe and Ti-Cu [52] alloys.
For example, the maximum amount of Fe in the α-Ti is approximately 0.04%, but the maximum amount
of Fe in the β-Ti is 22%, whereas, in the case of Ti-Cu binary system, the maximum amount of Cu in
the α-Ti is around 2%, but the maximum amount of Cu in the β-Ti is almost 13%. Therefore, the β-Ti
phase is enriched in the alloying elements (especially with Fe and Cu), but the α-Ti phase is mostly



Metals 2020, 10, 34 7 of 12

free of these alloying elements (Figure 3b–d). Also, according to the XRD patterns, only α-Ti and β-Ti
phases are found in this sample (Figure 1c); i.e., no intermetallic compounds are formed.Metals 2020, 10, 34  7 of 12 
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The optimal balance between the content of α and β phases (80:20) allows achieving a relatively
low elastic modulus for the as-cast Ti94Fe1Cu1Sn4 alloy sample. The rolling operation at 750 ◦C mostly
retains the balance between α and β phases (70:30) obtained in the as-cast sample. In Table 2 it can be
visualized that there is only a minor decrease in the amount of α-Ti phase (approximately 10% less
compared to the as-cast state) and a further decrease of the elastic modulus (approximately 5 GPa less
compared to the as-cast state). Hence, the obtained textured orientation and relatively strong crystalline
lattice deformation (Table 2) allows the improvement in the tensile strength of the Ti94Fe1Cu1Sn4 alloy.

It is evident that in comparison with the model alloy of Ti94Fe3Cu3 from our previous work [31],
the Ti94Fe1Cu1Sn4 alloys are more stable during preparation by tilt casting in terms of the ratio between
α and β phases, and the mechanical properties obtained by thermo-mechanical treatment. For example,
as it has been already mentioned above, that an increase in the amount of Fe in the Ti94Fe3Cu3 alloy may
cause the formation of theω-phase, which increases the brittleness of the samples [24]. Therefore, it can
be hypothesized that the formation of ω-phase does not take place in the present Ti94Fe1Cu1Sn4 alloy,
in both the as-cast and thermo-mechanically treated condition. Thus, explaining the effect of retention
of tensile plasticity in the alloy.
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The mechanical properties of Ti-based alloys mostly depend on the subsequent heat-treatment
procedure. We used a low-alloyed alloy (i.e., relatively inexpensive), with relatively high and stable
mechanical properties already in the as-cast state or after a very simple single-cycle rolling operation.
For comparison, e.g., pure Ti in as-cast state has relatively high plasticity, but not very high tensile
strength (see Table 1), and the most popular Ti-6Al-4V alloy has relatively high strength and plasticity
only after a rather complicated heat-treatment procedure (see [52]). Some other examples of Ti-based
alloys with good mechanical properties in the as-cast state are quite troublesomely alloyed using
relatively expensive alloying elements (like Ta, Zr, Mo, Nb, Hf, etc.). Therefore, the low-alloyed Ti-based
alloy obtained in the present research work opens up various paths ways for different applications and
further investigation owing to its relatively low cost and adequate mechanical properties in the as-cast
state or after a single-cycle rolling operation.

The results obtained in the present research work and thermo-mechanical treatment used are very
close to those of the earlier work [55], where relatively high tensile mechanical properties (strength up
to 870 MPa) and relatively low elastic modulus (of about 42 GPa) were obtained for Ti-25Nb-16Hf alloy,
with a β-Ti single phase structure. But, in contrast to the low-alloyed alloy composition of the current
research (Ti94Fe1Cu1Sn4 alloy), the Ti-25Nb-16Hf alloy [55] was highly alloyed by Nb (of about 17 at.
%) and Hf (of about 6 at. %). The low elastic modulus obtained in the work of [55] was explained by the
nanocrystalline structure formed during the cold rolling treatment, which was also well documented in
the work of Mishra et al. [56]. It has been found that the elastic moduli of nanocrystalline materials are
usually lower than those of the corresponding coarse-sized crystalline materials [57]. Elastic moduli
tend to decrease as a consequence of the large fraction of atoms in the grain boundaries having a lower
elastic modulus [58,59].

In addition, it is necessary to mention that Cu and Sn, are good β-Ti phase stabilizers [60–62].
Thus, addingβ-stabilizers reduces the temperature requirement forβ→α-transformation and increases
the amount of β-phase in the alloy, as a result slowing down the growth of β-grains; i.e., it inhibits the
growth of the grains and contributes to the reduction of all the structural components. Moreover, Sn
can noticeably reinforce Ti-based alloys and improve the alloy’s corrosion resistance [63], at the same
time inhibiting excessiveω phase precipitation in metastable β-Ti alloy [61,62]. It was also proven that
Sn is a non-toxic and non-allergenic element [64]; all the above-mentioned facts play important roles in
improving the mechanical properties or potential biocompatibility of the investigated Ti94Fe1Cu1Sn4

alloy and will aid in future research.
The mechanical properties of the Ti94Fe1Cu1Sn4 alloy are comparable to the existing

analogues. However, the investigated alloy exhibits a lower elastic modulus (Table 1.1 in [26]).
Furthermore, it should have an acceptable level of antimicrobial activity, due to the presence of Cu [63].
This allows for avoiding risks of implant rejection as a result of sepsis or infections, the probability
of which is very high during implantation [65,66]. Therefore, the Ti94Fe1Cu1Sn4 alloy can be a very
attractive choice for biomedical applications and will be very attractive for further investigations,
including biocompatible tests.

4. Conclusions

The structural and mechanical properties of Ti-based alloys containing low amounts of Sn
(Ti90Fe3Cu3Sn4, Ti92Fe2Cu2Sn4, Ti94Fe2Cu2Sn2, Ti92Fe3Cu3Sn2, and Ti94Fe1Cu1Sn4), subjected to
thermo-mechanical treatment (by applying dual-axial forging and rolling methods), were investigated.
The Ti94Fe1Cu1Sn4 alloy samples demonstrated good mechanical properties in both the as-cast state
and after the single-cycle rolling operation carried out at 750 ◦C. The rolling operation at 750 ◦C helps
to increase the tensile strength while keeping a relatively low elastic modulus. After a single rolling
operation at 750 ◦C, the alloy shows an increase in tensile strength up to 1300 MPa and tensile plasticity
of about 6%, with an elastic modulus close to 70 GPa. Such promising tensile mechanical properties
are owed to the balance between α and β phases and the texture obtained upon rolling. The present
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results of Ti94Fe1Cu1Sn4 alloy are very appealing for its use in biological applications, which will be
dealt with in the future course of work.
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