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Achieving a stable bone-implant interface is an important factor in the long-term outcome of joint
arthroplasty. It was demonstrated that the bone-bonding ability of a material could be evaluated
by testing the materials in a simulated body fluid (SBF) and in these conditions, the capability of
forming hydroxi-apatite on the surface of the material has been considered to indicate its bone-
bonding potential.

The paper focus on the study of the bone-bonding capability of three new titanium alloys with 5%,
15% and 25%Ta which were soaked in 10M aqueous NaOH solution then were immersed in a
simulated body fluid (SBF). The materials were studied before and after the immersion by optical
metallography, microhardness, open circuit potential and electrochemical impedance
spectroscopy.

The methallographical aspects of the samples surfaces after alkali-treatment and before immersion
in SBF demonstrated the presence of two phases: one soft and one hard. The same results were
obtained by microhardness surface scanning. The open circuit potential shows a good stability of
the alloys in SBF. 

Analysis of the impedance spectra was done using the Boukamp nonlinear least square fitting
procedure. The EIS spectra exhibited two-time constant system suggesting the formation of a two-
layer oxide film on the alloys surface, i.e. a porous outer oxide and a barrier inner oxide.

It is therefore expected that the new Ti-Ta alloys subjected to this appropriate treatment could
form an apatite layer via TiO2 gel formation on their surface in the body’s environment, and bond
to living bone through the apatite layer.
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Achieving a stable bone-implant interface is an important factor in the long-term outcome of 
joint arthroplasty. It was demonstrated that the bone-bonding ability of a material could be 
evaluated by testing the materials in a simulated body fluid (SBF) and in these conditions, the 
capability of forming hydroxi-apatite on the surface of the material has been considered to 
indicate its bone-bonding potential. 

The paper focus on the study of the bone-bonding capability of three new titanium alloys with 
5%, 15% and 25%Ta which were soaked in 10M aqueous NaOH solution then were immersed in 
a simulated body fluid (SBF). The materials were studied before and after the immersion by 
optical metallography, microhardness, open circuit potential and electrochemical impedance 
spectroscopy. 

The methallographical aspects of the samples surfaces after alkali-treatment and before 
immersion in SBF demonstrated the presence of two phases: one soft and one hard. The same 
results were obtained by microhardness surface scanning. The open circuit potential shows a 
good stability of the alloys in SBF.  

Analysis of the impedance spectra was done using the Boukamp nonlinear least square fitting 
procedure. The EIS spectra exhibited two-time constant system suggesting the formation of a 
two-layer oxide film on the alloys surface, i.e. a porous outer oxide and a barrier inner oxide. 

It is therefore expected that the new Ti-Ta alloys subjected to this appropriate treatment could 
form an apatite layer via TiO2 gel formation on their surface in the body’s environment, and bond 
to living bone through the apatite layer. 
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According to microstructure tests result, two crystal structures were observed, a hard one and a soft one. An increase of tantalum content has an effect on increasing material 
hardness.
Young´s modulus and mechanical properties of TiTa alloys greatly depend on tantalum content, resulting in much lower Young´s modulus than pure titanium.
The open circuit potential of the TiTa alloys stabilizes at a value after a certain period of inmersion in the Ringer´s solution. This phenomenon is due to the rapid formation of 
the TiO2  and Ta2O5 passive layer and its stabilization.
EIS was used to investigate the corrosion resistance of TiTa alloys, all alloys presented a capacitive behavior, typical of passive systems. Corrosion resistance best results were 
obtained by the TiTa alloy with the highest tantalum content.

TiTa alloys studied have excellent biocompatibility and corrosion resistant which suggest great possibilities in biomechanical applications.
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MATERIALS

ELECTROCHEMICAL IMPEDANCE

SPECTROSCOPY

THREE POINT BENDING TEST

OPEN CIRCUIT POTENTIAL

Alloy Components

Composition by weight (wh%)

Weighted Measured

Ti5Ta
Ti 95,0 95,0

Ta 5,0 5,0

Ti15Ta
Ti 85,0 84,8

Ta 15,0 15,2

Ti25Ta
Ti 75,0 74,6

Ta 25,0 25,4
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