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Electrochemical Behavior of New Titanium Alloys

V. Lucero Baldevenites', N. Florido Suarez?, P. Socorro Perdomo’, J. Mirza
Rosca'

"Mechanical Engineering Department, University of Las Palmas de Gran Canaria, Spain
Processes Engineering Department, University of Las Palmas de Gran Canaria, Spain

E-mail: viviana.lucero@ulpgc.es

Abstract. The attractive properties of titanium alloys as biomaterials were a driving force for
the early introduction of Ti and Ti-6Al-4V as implantable materials. More recently, titanium-
tantalum binary alloys have been developed and are expected to become promising candidates
for medical applications due firstly, to alloying with tantalum, which is a non-toxic element,
and secondly, due to their better compatibility with bone tissue than cp-Ti and Ti-6Al-4V
alloy. The studied titanium tantalum alloys were Ti-5Ta, Ti-15, Ti-25Ta and Ti-30Ta obtained
by levitation melting in a high-frequency induction furnace with a cold copper crucible,
followed by a homogenization heat treatment in order to eliminate the segregation. The
influence of potential on passive film of Ti-Ta alloys under simulated physiological conditions
was investigated by different electrochemical techniques in direct current and by
Electrochemical Impedance Spectroscopy (EIS) in alternative current. All measurements were
carried out in Ringer solution at 25°C and at different potentials starting at -0.4V till +2V. The
influence of the alloying element, tantalum, is reflected, mainly, in an increasing oxide
resistance and growth rate (especially for the Ti-25Ta alloy). The EIS technique is a powerful
method to characterize the influence of the alloying elements on Ti behaviour.
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1. Introduction;:

Increased use of Ti and Ti alloys as biomaterials is occurring due to their
lower modulus, superior biocompatibility and high corrosion resistance
compared with conventional biomaterials such as stainless steel and Co-Cr
alloys. These attractive properties were a driving force for the early
introduction of Ti and Ti-6Al-4V as implantable materials [1]. But Ti-6Al-4V
has a potential toxicity and adverse tissue reactions [2,3] and new Ti alloys
composed of non-toxic and non-allergic elements have been developed for
biomedical applications [4]. Among them, titanium-tantalum binary alloys
have [5,6] been developed and, in this work, corrosion resistance of Ti-Ta
alloys was tested by open-circuit potential measurements, linear
polarization, potentiodynamic polarization and Electrochemical Impedance
Spectroscopy.

2. Experimental Part:

The studied titanium tantalum alloys were Ti-5Ta, Ti-15Ta, Ti-25Ta and Ti-
30Ta from R&D CS (Research & Development Consulting and Services)
Bucharest, Romania. The Ti-Ta ingots (diameter = 20 mm, length = 30 mm)
were obtained by levitation melting in a high-frequency induction furnace
with a cold copper crucible, followed by a homogenization heat treatment
in order to eliminate the segregation.

A conventional three-electrode electrochemical cell with a Pt grid as
counter electrode and saturated calomel electrode (SCE) as reference
electrode was used. AC impedance data were obtained at different
potentials using a PAR 2634 A potentiostat connected with a PAR 5210
lock-in amplifier. The amplitude of the AC potential was 10 mV and single
sine wave measurements at frequencies between 10-1 and 105 Hz were
performed for each sample. In order to characterize the oxide film, the
impedance spectra were recorded between -400 mV and 2000 mV with a
100 mV step, polarizing the electrodes continuously and allowing the
system to stabilize for 600 s at each potential. Data acquisition and analysis
were performed with a personal computer and the spectra were
interpreted using the ZSimpWin program.

3. Results and Discussions:

The electric potential difference between electrolyte and metal interface
is a relevant factor directly related to the surface conditions. The EIS
tests have been carried out at different applied potentials in 3 domains:
cathodic-anodic transition, passive and near transpassive transition. The
impedance data will be compared in order to evaluate the influence of
the potential on the passive oxide characteristics (see Fig.1).
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Figure 1. EIS curves for Ti-15Ta:a) Nyquist, b) Bode |1Zl and c) Bode
phase

Analysis of the impedance spectra was done by fitting these data with
/SimpWin. The quality of fitting to the equivalent circuit was judged
firstly by the chi-square value and secondly by comparing experimental
with simulated data.

Instead of capacitance, constant phase elements CPE (which represent
the deviation from the true capacitive behavior) were used.

Diagnostic criteria for the choice of equivalent circuits for modeling
impedance data may be summarized by visual observations of the shifts in
experimental Bode plots with changing potential and alloying element(see
Fig.2).
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4. Conclusions:

Among Ti-Ta alloys, the Ti-25Ta exhibits superior properties of the passive
film and corrosion behavior, therefore it appears to be a promising
candidate for metallic biomaterials.

Impedance spectra are fitted with one time constant equivalent circuit,
typically for a compact oxide film, for all Ti-Ta alloys in extra-cellular
fluids. The Nyquist plots for all the Ti-Ta alloys show the same incomplete
semicircles with large diameters increasing with the potential (till a
determinated value for each alloy) due to the improvement of the
protective properties of the passive film formed on the surface of the
alloy.

The passive layer resistance decreases with the potential due to the
dissolution processes through the passive film. For all Ti-Ta alloys, the
Bode phase plots exhibited one phase angle, typical for a capacitive
barrier passive layer formed on the surface of the alloy.

Titanium-tantalum binary alloys are expected to become promising
candidates for medical applications due firstly to tantalum which is a non-
toxic element and secondly, due to their better compatibility with bone
tissue compared with cp-Ti and Ti-6Al-4V alloy.
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