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Abstract: The objective of this work concerns the study
of the mechanical behaviour of a Titanium-Tantalum
(Ti-Ta) alloy, Til0Ta, produced by additive
manufacturing. The study is motivated by the current
lack of technical and scientific knowledge concerning the
mechanical properties of this alloy, specifically LASER
claddingTi10Ta.

The present study describes the manufacturing process
of titanium alloy specimens with a composition of 10
wt.% (weight percentage) of tantalum, fabricated as
large blocks by LASER cladding and subsequently cut by
wire-EDM(wire Electrical Discharge Machining), as well
as reporting the experimental determination of the alloy
mechanical properties.

Hardness, tensile and fatigue tests were performed. From
these tests the Vickers hardness of the alloy was
determined. Also, the tensile stress-strain curves were
established, allowing the estimation of the alloy’s
Young’s modulus, yield and tensile strength together
with the corresponding strains, strain after fracture and
the cross-sectional area reduction, leading to conclude
about the ductile behaviour of the alloy. Additionally, the
equation for the uniform plastic flow regime of the
material was established. As for the fatigue behaviour,
the S-N curve was obtained, considering 3 levels of
maximum applied stress, and the equation associated to
this curve was established.

Keywords: Ti10Ta Alloy, LASER cladding, Wire-EDM,
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1. INTRODUCTION

Knowledge about the mechanical properties of the
various types of Ti-Ta alloys is scarce ([1],[2],[3]), and
does not cover the fatigue behaviour of the material.
The documented information is insufficient,
particularly for the specific case of Ti-Ta containing
10 % (wt% - weight percentage) tantalum. The scarcity

of information is even more striking when the Ti10Ta
alloy is produced by the emerging process of LASER
cladding. One of the few studies approaching Ti-Ta
alloys produced by LASER cladding, besides the one
described in this paper, is the one by Morgado et al. [4],
in which an experimental study is developed to
evaluate the wear behaviour of the Ti-30%Ta and Ti-
52%Ta (wt%) alloys. In what concerns the applicability
of Ti-Ta alloys produced in various compositions by
various methods, most of the studies found([5] and [6],
for example)are about biomedical applications, dealing
with corrosive resistance and biocompatibility
behaviour of these alloys.

Concerning the production method used to fabricate
the alloy studied in the present work, LASER cladding
is a technique that, besides its additional application in
the manufacturing of 3D components, finds an
important use in the improvement of the mechanical
properties of a material’s surface through the addition
of thin layers of different materials [4].LASER cladding
uses a LASER beam as the heat source to melt and
deposit a thin layer of a specified material with the
desired properties onto a substrate [7],[8]. The area to
be clad is heated by the absorption of energy delivered
by the LASER beam. The heat input provided by a high-
power LASER beam (most common power levels for
industrial applications are above 5 kW) is spatially
confined and very intense, thus increasing the heating
rate of the surface layer. After the passing of the LASER,
the heated surface layer becomes quenched, due to
heat conduction to the cooler regions of the bulk. High
rates of heating/cooling in the surface layer result in
significant metallurgical modifications, such as grain
refinement, formation of meta stable phases and/or
micro structural transformation. The LASER cladding
process traditionally uses CO; or various types of Nd:
YAGLASER sources, although, more recently, the use of
fibre LASER is becoming increasingly common[9],[10].
The cladding material can be transferred to the
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substrate by powder injection (the method used in this
work to produce Ti1l0Ta alloy), wire feeding or paste
feeding (all methods of continuous application of the
cladding material during the process) and also by pre-
depositing the loose powdered cladding material at the
substrate’s surface[7],[9].

The objective of the present work is to study the
mechanical behaviour of the Ti10Ta alloy produced by
the LASER cladding process, including its fatigue
behaviour through the determination of the S-N curves.
This study also includes the manufacturing process,
research the selected process parameters to the Ti10Ta
alloy manufacturing process.

To carry out that the stated purpose, the mechanical
characterization of the alloy was performed,
comprising a set of hardness, tensile and fatigue tests.
The standard specimens of the Til0Ta alloy used were
produced by the LASER cladding technology with the
continuous feeding/deposition of powders assisted by
a LASER heat source. Specimens were extracted from
the LASER cladding Ti10Ta blocks by wire-EDM (wire-
Electrical Discharge Machining) cutting.

2. MATERIAL AND EXPERIMENTAL PROCEDURE
2.1 Material: Ti10Ta alloy

Titanium grade 2 plates of 15x160x160 mm were used
as the substrate onto which the powdered
cladding/coating material was deposited by LASER
cladding. To form the Ti1l0Ta alloy that corresponded
to the cladding material, titanium and tantalum
powders were mixed in a weight percentage of 90% to
10%, respectively. These powders were supplied by
New Met Ltd. - New Metals and Chemicals Ltd in a range
of 45-90 pm and a purity of 99.9%. Both powders were
produced by the so-called hydrogenation-
dehydrogenation (HDH) process, presenting a crushed
particle shape. The powders were premixed and kept in
an oven at 1002C for 20 hours before putting them in
the powder hopper. The mixture was then kept for two
hours in the hopper of the powder feeder, shaking it by
an internal mixer. This procedure was necessary to
guarantee the correct flow ability of the powder
mixture, as the tantalum powders tend to agglomerate
and produce clogging inside the conducting pipes.

2.2 LASER Cladding Process

A 2.2 kW diode pumped Nd: YAGLASER was used for
the cladding process. The LASER beam was guided to
the working region by means of an optic fibre and
through a coaxial cladding head. This head allows
varying the LASER spot on the work zone by changing
the position of the focusing lens. The spot size was set
to be of 2.7 mm on the working plane. The LASER head
was fixed into a six-axis robot arm, which produced the
relative motion between the LASER head and the
substrate. The powder mixture was carried to the
LASER head by means of a powder feeder, using argon
as a carrier gas.

To adjust the process parameters for producing defect-
free coatings, an initial experimental batch was carried
out, where the LASER power, the powder feed-rate and
the shielding gas flow rate were varied. 4-layer
coatings were deposited with each set of parameters,
overlapping 20 tracks for producing each layer, with a
zigzagging motion, where the direction was rotated by
909 from layer to layer.

To analyse the coatings, cross sections were extracted
by precision abrasive cutting to ensure that all sections
were perpendicular to the plane on which the cladding
layers were built. The freshly cut surfaces were
processed by SiC-based grinding and diamond
suspension-based polishing down to Ra< 0.01 pm. The
metallurgical characterization of the samples was
based on optical microscopy inspection, to study the
inner quality of the coatings. No cracks were observed
in any of the coatings, and the adherence to the
substrate was also solid, with enough dilution. On the
other hand, porosity issues were detected in most of
the coatings. Even though such issues could not be
completely eliminated, the parameters of the coating
with minimal porosity, shown in Table 1, were selected
for producing the final blocks.

Table 1- Process parameters used for producing the
final coatings by LASER cladding

LASER Cladding Process Parameters

LASER power (kW) 0.7
Scanning speed (mm/s) 15
Spot diameter (mm) 2.7
Powder feed rate (g/min) 3.95
Overlap distance (mm) 1.0
Height offset (mm) 0.2
Shielding gas He
Shielding gas flow (1/min) 20
Two blocks of Til0Ta where produced, with

dimensions of roughly 120x120x10mm, by depositing
50-layer coatings with 120 overlapped tracks in each
layer. From these blocks, 18 specimens and 3 samples
of Til0Ta were extracted to develop the experimental
study of this work.

2.3 Wire - EDM Cut

From the 2 Ti10Ta blocks produced by LASER cladding,
the 18 tensile specimens were extracted with their
geometry normalized in accordance with ASTM
E8/E8M-09[11]. The cutting pattern used on the blocks,
together with one of the extracted specimens ,is shown
in Figure 1. Cutting was performed by wire-EDM, with
a brass wire, using an ONA PRIMA E-400 + AWF
machine.
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Figure 1-Wire-EDM cutting pattern in one of theTi10Ta blocks
produced by LASER cladding. Acut specimen is also shown.

The relevant parameters used for the wire-EDM cutting
operation are summarized in Table 2:

Table 2- Cutting parameters used for wire-EDM operation

Wire-EDM Cutting Parameters

Applied current (A) 10
Applied voltage (V) 110
Wire speed (mm/s) 7

Tensile force on the wire (N) 18

2.4 Mechanical Characterization Tests

After a grinding and polishing treatment as prescribed
in the ASTM E3-95 standard [13], Vickers micro
hardness tests were performed on 3 samples of Ti10Ta,
in accordance with ASTM E384-16 [12]. These tests
were executed in Mitutoyo HM-112Micro hardness 6
indentations being made on each sample.

Uniaxial tensile tests were performed over 6 specimens
at room temperature, with a stroke rate of 3 mm/min,
as prescribed by ASTM E8/E8M-09 [11],using a
Shimadzu AG-50kNG universal testing machine. The
tests were also conducted at room temperature.

Additionally, fatigue tests were performed on the 12
remaining specimens, using an Instron 1342 universal
testing machine. The tests were also conducted at room
temperature [11]. One of 3 levels of maximum stress
(650 MPa, 550 MPa and 450 MPa)was used for each
group of 4 specimens. The stress cycle applied was
sinusoidal, a stress ratio of 0.5 being selected.

3. RESULTS AND DISCUSSION

The value estimated for the Vickers hardness of the
Til0Ta alloy produced by LASER cladding, after the
calculation of the average from the 3 samples, is
255.214% HV0.5. However, it should be noted that,
due to the porosity found in the samples, this result
may be a lower estimation for the intrinsic hardness
value of the sound material.

The measured tensile properties of the alloy Ti10Ta are
summarized in Table3, which shows the average
Young’s modulus, yield strength and tensile strength,
along with the corresponding yield and uniform tensile
strains. The small value measured for the Young's
modulus (9.77 GPa in terms of true value) for the
Ti1l0Ta alloy is similar to that exhibited by the human
bone (5 to 30 GPa) [14]. This result may be a
consequence of the presence of tantalum in the alloy,
given that this element, as identified by Song et al. [2],
when alloyed within the Ti-Ta system, has the potential
to promote a decrease of the Young’s modulus, while
also increasing the tensile strength in comparison with
the non-alloyed titanium. It was also referred by
Kuncicka et al. [14] that to reduce the Young’s modulus
of Ti6Al4V, mainly used as biomaterial, tantalum is one
of the elements able to replace vanadium, an alloying
element responsible for increased stiffness. This effect
can eventually be verified in the reduction of the
Young’s modulus of a Ti-Ta alloy. Apart from the
chemical composition, Kuncicka et al. also mentioned
other factors contributing for a lowered stiffness, such
as the presence of porosities, which in the present case
could also contribute to the low Young's modulus
obtained for this Ti10Ta alloy.

Table3 Average values of Ti10Ta alloy tensile properties.

Engineering True
values values

Young's Modulus
[GPa] 8.35 9.77
Yield Strength [MPa] 642 692
Yield Strain 0.0771 0.0743
Tensile Strength
[MPa] 735 855
Umf.orm Tensile 0.164 0.152
Strain

In an effort to ascertain the LASER clad Ti10Ta alloy
ductility, the strain after fracture and the cross-
sectional area reduction of the tested specimens were
measured in the present work, the resulting values are
presented in Table4.

Table 4- Values of the strain after fracture and of the cross-
sectional area reduction of the tested specimens.

Strain after Fracture Cross Sectlopal Area
Reduction
Average 0.168 0.228
Average (%) 16.8 22.8

To Callister and Rethwisch [15], fragile materials have
a strain after fracture smaller than c. 5%. Given the
measured values, the conclusion reached is that the
tested TilOTa alloy exhibits a ductile behaviour.
Furthermore, the average value obtained for the cross-
sectional area reduction reinforces this conclusion,
given that according to Barralis e Maeder [16] fragile
behaviour is common for section reductions smaller
than 10%. Also, the tensile curves presented in Figure 3
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already indicated a ductile behaviour for the material,
since they demonstrated the existence of significant
plastic deformation before the occurrence of fracture,
as is characteristic of ductile materials [17].

The results of the Til0Ta tensile tests also provided
data to represent in a bilogarithmic graphic the
equation (1),that translates the true stress - true strain
(6-£) relationship of the material in the uniform plastic
deformation regime. Such representation, shown in
Figure 3, corresponds to a line of slope n, according to
equation (2)

g=Kza", (1N
In(5) = In(K&") = In(&) = In(K) + nIn(é). (2)

Thus, it becomes possible to estimate the values of the
hardening (n) and resistance (K) coefficients, which
define the material’s plastic flow behaviour under
constant temperature and strain rate conditions.
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Figure 3- Bilogarithmic representation of the uniform plastic
deformation regime, as recorded by the true stress- true strain
(G-£) curve, for determination of 7 and A

As mentioned, the analysis of the data led to estimate
the following values:n = 0.272; In(K) = 7.28196 =
K = 728196 = K ~ 1454 MPa.

Therefore, equation (3) can be used to describe the
LASER clad alloy’s behaviour under a uniform plastic
deformation regime:

7 = 145340272 (3)

The S-N curve was determined from the tests
performed, considering the points corresponding to the
calculated average number of cycles (N) during which
the material resisted to fracture when subjected to
each level of maximum applied stress, d,,,,, (650 MPa,
550 MPa or 450 MPa).The fatigue behaviour of the
Til0Ta alloy may be characterized by the logarithmic
equation (4):

logome, = —0.181logN + 3.53. 4)

Hence, the relationship between the applied stress and
the number of cycles during which fatigue fracture may
be hoped to be averted may be translated by equation
(5)

Opmax NO181 = 3369. 5

4. CONCLUSIONS

A new alloy of Titanium and Tantalum was
manufacture by LASER Cladding technology. The
manufactured parameters were obtained. As Titanium
and Tantalum have very different fusion points these
parameters are very difficult to obtain and important to
guarantee a homogeneous alloy.

This paper responds to the reduced technical-scientific
knowledge identified in what concerns the mechanical
behaviour of Ti-Ta alloys, particularly in the case of
Ti10Ta produced by LASER cladding. In addition, it was
found that porosity constitutes one of the defects
resulting from producing the alloy under the selected
set of process parameters and with the type of powders
used.
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