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The most commonly used titanium alloy is Ti6Al4V but further studies have shown that the release of both 
V and Al ions might cause long-term health problems [1,2]. In response to these health problems, new Ti 
alloys have been developed and among them, titanium-tantalum 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 Ti and Ti6Al4V [3]. 
 
The aim of this study is to investigate the influence of tantalum concentration on the behaviour of different 
bioactive Ti-Ta alloys as biomaterials for medical applications. Three kinds of binary Ti-Ta alloys with 
5%,15% and 25% mass tantalum with a surface modification treatment consisting of immersing the samples 
in hot concentrated NaOH followed by washing with distilled water and dried at 40ºC during 24 hours. 
 
The microstructure of the Ti-Ta alloys were observed by metallographic technique and by scanning 
tunnelling microscopy (STM). 
 
Were analysed using various roughness parameters such as: arithmetic mean roughness (Ra), maximum 
height (Ry) and 10-point mean roughness (Rz). 
 
Ti25Ta alloy with lower surface roughness experienced less corrosion when compared to the specimens 
with higher surface roughness values. 
 
The differences in the hardness and depth of passive layer concerned mostly with bioactive treatment and 
the concentration of tantalum in the alloy. 
 
Analysis of the impedance spectra was done by fitting these data to the equivalent circuit proposed in Fig.1. 
The components of the circuit take into account the electrolytic resistance, the resistance and the 
capacitance of the passive layer, the double layer capacitance and the charge transfer resistance (the model 
of the surface is presented in Fig.2). 

 
Fig. 1. Equivalent circuit used for fitting the experimental data of EIS 

 
Fig. 2. The model proposed for passive layer formed on the surface of bioactive alloys. 

Among studied Ti-Ta alloys, the Ti-25Ta exhibits after chemical treatment, superior properties of the 
passive film and corrosion behaviour, therefore it appears to be a promising candidate for novel 
biomaterials. Further experiments are needed to quantify the influence of tantalum content on 
biocompatibility and cell growth on nanostructurated bioactive Ti-Ta alloys. 
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Alloy 1 Alloy 2 Alloy 3 Alloy 4

Composition
Tantalum Titanium Tantalum Titanium Tantalum Titanium Tantalum Titanium

0.5 0.95 0.15 0.85 0.25 0.75 0.3 0.7
Density 5,11 g/ml 6.33 g/ml 7.54 g/ml 8.15 g/ml

Fe N2 02 H2 C Ti
0.02 0.03 0.018 0.0015 0.008 0.9225

Fe Si Mo W Ti Ni O2 C H2 N2 Nb Ti
0.001 0.005 0.002 0.005 0.001 0.001 0.003 0.001 1.5e-4 0.001 0.002 0.996

- COMPOSICIÓN DEL TITANIO

- COMPOSICIÓN DEL TANTALIO

1 COMPOSITION OF THE ELEMENTS 2 COLD CRUCIBLE FURNACE TREATMENT

3 ALLOY COMPOSITION4 PRECISION CUTTING MACHINE

5 PRESS AND METALLOGRAPHIC POLISHER

6 ELECTROCHEMICAL IMPEDANCE SPECTROSCOPY TEST

- EQUIVALENT CIRCUIT ADJUSTMENT

Conclusions:

Titanium alloys with 30% tantalum showed better results. Their electrolytic resistance 
remains constant in the potential sweep, around 27 Ωcm-2. The capacity of the passive layer 
decreases slowly as the potential increases. The resistance of the passive layer also 
decreases slowly with increasing potential up to 1.2 V, at which point there is a drop of one 
tenth.
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