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ABSTRACT

The aim of the present study is to investigate the corrosion resistance of a new synthesized Ti-

10Ta-2Mo in 0.9%NaCl solution containing different NaF concentrations using

electrochemical techniques, including open circuit potential, potentiodynamic polarization,

cyclic voltammetry and electrochemical impedance spectroscopy.

The results showed that Ti-10Ta-2Mo exhibits a good corrosion resistance in 0.9% NaCl as

well as in 0.9%NaCl containing fluoride and even in acidified 0.9% NaCl free of fluoride ion.

Very low corrosion current densities and high impedance values were obtained, indicating the

passive behavior of the alloy. An active state was observed in acidified 0.9%NaCl of pH 2 in

the presence of fluoride. The results showed that Ti-10Ta-2Mo is more appropriate than some

materials cited in the literature, suggesting its suitability for biomedical applications.
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1. INTRODUCTION

Titanium and titanium alloys are the best materials for biomedical and dental applications

because of their biocompatibility, excellent mechanical properties and their good corrosion

resistance in biological fluids. Their highly chemical stability is due to formation of a very

resistant and protective oxide layer on their surface [1-3]. The phenomenon of passivation is a

guarantee of their excellent resistance to corrosion in various electrolytic media such as
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0.9%NaCl [4-7], Ringer’s solution[8-10], Hank’s solution[11, 12], Phosphate buffered saline

solution PBS [13,14] and other simulated physiological media.

The contact between the metallic implant and the receiving living tissues is made through the

oxide layer on the implant surface, which allows the ossteointegration process [15, 16]. The

chemical properties of the oxide layer play an important role in the biocompatibility of

titanium implants and the surrounding tissues and must not break down if the implant is to be

successful.

However, titanium oxide films can be destroyed in the oral environment because of its pH

variation, food decomposition, changes in temperature, humidity and oxygen presence.

Fluoride is one of the elements that can interact with the metal surface [5, 8, 16-21].

Therapy with fluorides (F−) is known as the main method to prevent plaque formation and

dental caries. Dentifrices, mouthwashes and prophylactic gels can contain from 200 to 20 000

ppm F− and can present acidic to neutral character (the pH is alkaline in the case of

inflammations or infections) [22], which can affect the corrosion behavior of titanium alloys

biomaterials present in the oral cavity. The effects of fluoride on the corrosion behavior of

titanium and its alloys have been presented by several authors [17-21, 23-26]. According to

their results, whenever in contact with fluoride solutions, the oxide film undergoes a reaction

resulting in the formation of titanium fluoride, titanium oxide fluoride or sodium titanium

fluoride on the alloy surface and the corrosion resistance decreases markedly in these fluoride

solutions.

According to Strietzel [23], fluoride ions in organic acids with 2.1 < pH < 3.8 can react with

Ti surfaces. Frateur et al.[24] observed some pitting on Ti in acidic fluoride media (pH 2.0

and 3.0). Reclaru and Meyer [25] showed that crevice corrosion and pitting occur on Ti alloys

in a fluoride containing NaCl solution with pH below 3.5. Furthermore, Schiff [26] found

pitting of Ti6Al4V alloy in fluoridated acidified saliva (pH 2.5).

On the other hand, among the various types of Ti alloys, the conventional Ti-6Al-4V was one

of the first titanium biomaterial introduced in orthopedic implant applications and has

achieved a greatest success. Although this alloy is still widely utilized in medicine, some

concern has been recently expressed over its use since it appears that small amounts of both

vanadium and aluminum, released in the human body, induce possible cytotoxic effect and

neurological disorders, respectively [27, 28]. Due to the detrimental effect of Aluminum and

vanadium, different titanium alloys containing non toxic elements (Nb, Ta, Mo, Zr) known as

β-stabilizer elements, were developed in order to replace Ti-6Al-4V, such as Ti-Ta[29,30],
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Ta-Mo [7, 8, 31, 32]; few works are available in the literature about the mechanical and

corrosion behavior of Ti-Ta-Mo ternary alloy [33, 34].

Regarding literature, the corrosion behaviors are related to the concentration of fluoride and

the surrounding environment Therefore, the surface reaction on the studied alloy under the

existence of fluoride is important, to understand the corrosion of Ti-10Ta-2Mo in oral

environment.

2. MATERIALS AND METHODS

Ti–10Ta-2Mo substrate used as the working electrode was synthesized from commercially

pure Ti, Ta and Mo in an arc-furnace BUHLER MAMI type, under controlled argon

atmosphere; ingot with approximately 15 g was obtained.  In order to ensure homogeneity, the

sample was turned and remelted another 8 times. The alloy was then homogenized at 1000°C

for 48h then naturally cooled in the furnace to room temperature.

The alloy was characterized by X-ray diffraction using a PHILIPS PW diffractometer using

CuKα radiation (1.54060 A° wave length). The microstructure of the Ti-10Ta-2Mo alloy was

analyzed after mirror polishing and etching their surface with a Kroll solution which contains

(15mL HNO3, 5mL HF and 80mL H2O) for approximately 15s by an optical microscope

(ZEISS ICM 405). The microhardness was determined using ZEISS microhardness tester at a

load of 200 g applied for 15s.

The studied material was embedded into a dental resin after soldering it to a copper wire

covered by an insulating matter, giving a geometric area of 0.496 cm2. The active surface

undergoes a particular polishing with emery paper of decreasing grit silicate–carbon papers

(240, 600, 800, 1200 and 2400), watched with distilled water and immediately immersed in

the corrosive medium.

The corrosion test electrolyte was 0.9% NaCl with a natural pH 5.5 was prepared from

analytic grade agents and distilled water. The fluoride species were added to 0.9% NaCl

solution using NaF salt to study the influence of fluoride at different concentrations (0, 250,

500, 750, 1000, 1500 and 9500 ppm). The 0.9% NaCl base solution and NaF concentrations

were chosen based on some reports found in literature [4-6].

In the first part of this study; it was decided to not alter the pH obtained after NaF addition in

order to avoid the addition of other substances. Indeed; different concentrations of NaF were

added to the NaCl solution and the pH varies between 5.5 and 6.08. In the second part of this

study, the pH was adjusted to pH 2 using dilute HCl solution. The solution was naturally
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aerated and the experiments were conducted with stirring. The temperature was maintained at

37°C using a thermostatic bath. Prior to polarization experiments or impedance measurements

(EIS), the working electrode was immersed in the test solution for one hour.

A conventional three electrode cell of multi necked flask was used in this study, where Ti-10-

Ta-2Mo was the working electrode. The reference electrode was a saturated calomel electrode

(SCE) to which all potentials were referred and a platinum electrode was used as a counter

electrode.

Different electrochemical techniques were employed: Open circuit potential measurement,

potentiodynamic polarization and cyclic voltammetry were taken with a computer controlled

potentiostat PGP201 (Volta lab Radiometer Analytical) piloted by Volta Master 4.0.

Potentiodynamic and cyclic voltammetry studies were carried out at a scan rate of 5mV/sec

from -600mV to +2000mV vs. SCE with respect to open circuit potencial (OCP) to study the

corrosion behaviour.

Electrochemical impedance spectroscopy measurements were performed using the

electrochemical interface Solartron 1287 combined with the frequency response analyser

Solartron 1260 [7], controlled by the Ecorr/Zplot Software. The frequency was scanned from

100 KHz down to 10 mHz and a 10 mV sinusoidal potential peak to peak was applied.

3. RESULTS AND DISCUSSION

3.1. Microstructure, crystallographic structure and microhardness of Ti-10Ta-2Mo

The microstructure of the Ti-10Ta-2Mo alloy was analyzed after mirror polishing and etching

their surface using a mixture of 15mL HNO3, 5mL HF and 80mL H2O for approximately 15s

(Fig.1).

The microstructure of Ti-10Ta-2Mo reveals the presence of α-phase precipitates with a

lamellar morphology in a β-phase matrix, due to the partial transformation of β-phase(dark

area) to α-phase (light area) during natural cooling to room temperature in the furnace.

Intermediate α’and α’’phases were also presente according to the DRX pattern.
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Fig. 1. Optical micrograph of Ti10Ta2Mo alloy:  (a) x100, (b) x 200

Fig. 2. XRD patern of Ti-10Ta-2Mo homogenized in vacuum at 1000°C for 48 h and natural

cooling to room temperature in the furnace.

The alloy was characterized by X-ray diffraction (Fig.2), observed by optical microscopy and

found to have a mixture of the body-centred-cubic β, hexagonal α, orthorhombic α’ and

tetragonal α’’ phases. The microhardness of Ti-10Ta-2Mo alloys was found to be 389.5 ±5

HV0.2.

α-Ti

β-Ti
α-Ti

α’-Ti0.85 Ta 0.15
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3.2 OCP and potentiodynamic polarisation studies of Ti-10Ta-2Mo alloy:

3.2. 1 Open circuit potential analysis
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Fig. 3. Open circuit potential vs. time for Ti-10Ta-2Mo in 0.9% NaCl in presence of different

concentrations of NaF after 1 h of immersion.

Fig.3 shows the profil of open-circuit potentials of Ti-10Ta-2Mo as a function of immersion

time in aqueous 0.9% NaCl containing various NaF concentrations , at 37°C. The corrosion

potentials increase rapidly with time in the noble direction, attesting the formation and growth

of passive film on the surface.

All OCPs values are found in the stability region of TiO2 oxide in Ti-H2O Pourbaix and are

recorded in Table.1 as a function as F- and HF concentrations calculated using the equilibria

constants and mass conservation equation.

The same profils are observed in different physiological medias containing fluoride ion at

neutral pH solution [10, 16]. The presence of  fluoride ions in a solution containing 10000

ppm of  NaF at pH 6.75 does not hinder the formation of a protective layer on the studied

titanium alloy using cyclic voltammetry [15]. According to Nakagawa et al [20], in acidic

conditions, 30 ppm of HF led to the destruction of the passive film on Ti surface. The amount

of formed HF is much lower than 30ppm as shown in Table. 1; consequently the presence of

F- ions in these conditions does not interfere with the formation of a protective layer.
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Table.1 Open circuit potential values as a function of calculated F- , HF and pH

[NaF] / ppm measured pH [HF]/(ppm) [F-]/ (ppm) E(mV)

0 5.5 0 0 -235,02

250 6.03 0.36 249.63 -324,24

500 6.05 0.70 499.29 -349,14

750 6.04 1.08 748.91 -360,21

1000 6.07 1.34 99.65 -370,36

1500 6.05 2.11 1497.88 -380,18

9500 6.08 12.52 9487.47 -414,25

3.2.2 Potentiodynamic polarisation studies
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Fig. 4. Potentiodynamic polarization curves for Ti-10Ta-2Mo in 0.9% NaCl containing

different NaF concentrations.

Potentiodynamic polarization curves of Ti-10Ta-2Mo in 0.9% NaCl solution containing

different of fluoride concentrations ions at 37°C are illustrated in Fig. 4. For all NaF

concentrations, the alloy reaches a stable passive current densities and no breakdown potential
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is observed in the range potential test (until to 2 V vs. SCE). This indicates that the passive

film formed on the surface of Ti-10Ta-2Mo alloy is very integral and protective.

The corresponding corrosion parameters calculated using Tafel extrapolation method Ti-

10Ta-2Mo alloy are compiled in Table. 2.

There is a cathodic shift in Ecorr from -405 mV to -501.3 mV vs. SCE and an increase in icorr

from 0.21µA/cm2 to1.24 µA/cm2 with the increase in fluoride ion concentration, indicating

their negative effect.

The obtained values of icorr and ipass are in order of 10-7 to 10-6 A/cm2 and are lower than those

obtained by some authors [6, 16], indicating the good corrosion resistance of the studied alloy.

In 0.9%NaCl containing 9500 ppm NaF, the icorr and ipass obtained are respectively about

1.24µA/cm2 and 25.67 µA/cm2 but Kumar et al [5] found in their studies that the values of

icorr and ipass for Ti–15Mo (richer in Mo) in the same medium were respectively 2.30 μA/cm2

and ipass 732µA/cm2. Ti-10Ta-2Mo performed well than Ti-15Mo richer in Molybdenum.

Table 2 Electrochemical parameters of Ti-10Ta-2Mo in 0.9NaCl containing different NaF

concentrations obtained from the anodic polarization curves

NaF/

(ppm)

HF/(ppm) icorr(µA/cm2) Ecorr(mV) ipass(µA/cm2) Ba(mV/dec) Bc(mV/dec)

0 0.00 0.21 -405.02 12.26 118.91 -85.31

250 0.36 0.62 -459.25 16.27 90.32 -84.72

500 0.70 0.56 -477.63 19.92 87.67 -78.57

750 1.08 0.55 -498.19 22.82 98.52 -72.02

1000 1.34 0.66 -498.51 24.67 63.73 -70.13

1500 2.11 0.72 -458.92 23.78 57.22 -68.22

9500 12.52 1.24 -501.36 25.76 48.95 -65.15
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3.2.3 Cyclic voltammetry analysis

Cyclic voltammograms recorded for Ti-10Ta-2Mo2Mo in 0.9% NaCl with various NaF

concentrations are shown in Fig.5. They display a region of formation and growth of the

anodic oxide in the passive region during the cathodic-anodic potential scan, reaching a

current plateau. In the reverse scan, the current density value was reduced rapidly to values

close to zero, without reduction of the oxide film formed. The fact that no pitting corrosion

occurred in the potential scans in solutions suggests a high resistance to corrosion in the Ti-

10Ta-2Mo alloy studied at the different NaF concentrations. The presence of fluoride ions did

not prevent the formation of a protective layer at the surface of the alloy because of the small

amount of HF formed at all aqueous solutions.

Similar passive behavior characteristic of valve metals was found by [9, 31, 34] but with

higher passive current plateau. For example, A. V. Rodrigues [37] found when studying Ti-

15Mo in Ringer solution at 25°C that the passive plateau currents are between 300µA/cm2 and

800µA/cm2 which are very higher than those obtained in our study, varying between

12.26µA/cm2 and 25.76 µA/cm2, in addition our study was carried out at 37°C. The Ti-10Ta-

2Mo shows a better passive behavior than other materials richer in molybdenum.
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Fig. 5. Cyclic voltammograms for Ti-10Ta-2Mo alloy in 0.9% NaCl containing various NaF

concentrations; scan rate 5mV/s.
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3.2.4. EIS data analysis

The EIS measurements of Ti-10Ta-2Mo in 0.9%  NaCl solution with various concentrations

of fluoride ion are presented through Nyquist and Bode phase plots.

The Nyquist diagrams show incomplete semicircles (Fig.6.a), whose diameter decreases

slightly with increasing NaF concentration, denoting the dependence of the impedance values

on the fluoride ion concentration. The decrease in resistance and increase in capacitance

suggests the negative influence of fluoride ions on the corrosion resistance of Ti–10Ta-2Mo

alloy and supports the observations made by potentiodynamic polarization studies.

For highly corrosion resistance materials, the corrosion resistance may even reach 105-106

Ω.cm2 [16, 35]. Therefore, in this study the alloy still maintained good corrosion resistance,

though the presence of fluoride led to a decrease in resistance. In our study, the obtained

resistance Rct values are between 17.47 kΩ.cm2 and 134.85 KΩ.cm2 and are high enough to

admit the good performance of the studied alloy. In addition, these values are higher than

those obtained by some authors [5, 16]. S. Kumar [5] found only 65.8 KΩ.cm2 for Ti-15Mo

richer in Molybdenum in 0.9NaCl without fluoride, in our study Rb is about 134.85 KΩ.cm2;

in 0.9%NaCl containing 9500ppm of fluoride, S. Kumar found about 6.64 KΩ.cm2 and we

found in our study 17.47 KΩ.cm2. Also, A.M. Al-Mayouf et al [16] found lower value of Rb

for Ti6Al4V and Ti-30Cu-10Ag studied in artificial saliva at pH 7.2 without and with fluoride

presence. The alloy Ti-10Ta-2Mo performs better compared to some alloys cited in the

literature, confirming its suitability for biomedical applications.
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Fig.6 (a). Nyquist plots of Ti–10Ta-2Mo alloy in natural 0.9% NaCl without and with

varying NaF concentrations .

The Bode phase angle plots presented in Fig.6 (b) show two peaks revealing the involvement

of two relaxation time constants, attributed to the bi-layered oxide surface consisting of a

porous outer layer and a barrier inner layer [17,18]. The phase angle maximum approaching -

90° at intermediate frequencies is typical for a passive surface indicating good corrosion

resistance of the studied alloy.
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Fig.6 (b). Bode phase angle plots for Ti–10Ta-2Mo alloy in 0.9%NaCl without and with

varying NaF concentrations.

An equivalent electrical circuit (ECC) consisted of Rs(C1R1)(CdlRct) was used to model the

impedance spectra data (Fig.7) . Rs is the solution resistance, C1 and R1 are the capacitance

and resistance of the oxide film, respectively. Cdl is the capacitance of the double layer and Rct

is the resistance charge transfer. This EEC was already proposed by different authors to fit the

impedance data for titanium and titanium alloys [3, 4, 17, 18, 19, 22 36, 37]. The different

electrochemical parameters derived from the impedance spectra simulated by ZView software

are recorded in Table.3.

The layer at the interface cannot be considered as an ideal capacitor and the constant phase

element (CPE) was often used as a substitute for the ideal capacitor. The impedance of CPE is

given by:

  1
)(


 n
CPE jCZ  .
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Where, C is the capacitance, (jω) is the complex variable for sinusoidal perturbations with
fw 2 , and n is related to non-uniform current distribution due to surface roughness or

inhomogeneity [21].

Fig. 7. The equivalent circuit used for the modeling of the impedance spectra for Ti-10Ta–

2Mo alloy in 0.9%NaCl without and with fluoride presence

Table. 3 Electrochemical parameters derived from the impedance spectra in 0.9%NaCl

containing different NaF concentrations.

/ Rs(Ω.cm2) C1(F.cm-2) n1 R1(Ω.cm2) Cdl(F.cm-2) n2 Rct(Ω.cm2)

0ppm 18.93 1.17.10-5 0.89 5795 2.83.10-5 0.90 134850

250ppm 13.68 5.16.10-5 0.81 4254 3.88.10-5 0.86 88680

500ppm 10.82 5.89.10-5 0.79 3134 4.71. 10-5 0.84 68100

750ppm 5.51 5.79.10-5 0.80 1475 7.13.10-5 0.85 53047

1000ppm 5.34 5.92.10-5 0.75 1666 10.23.10-5 0.83 45091

1500ppm 17.97 6.20.10-5 0.77 8805 12.53.10-5 0.82 29896

9500ppm 11.4 6.56.10-5 0.71 3983 14.52.10-5 0.83 17478

3.3 OCP measurements and potentiodynamic polarisation studies of Ti-10Ta-2Mo alloy

at pH 2

3.3.1 Open circuit potential analysis at pH 2
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Fig . 8. Variation of open circuit potential with exposure time for Ti-10Ta-2Mo in acidified

0.9%NaCl, containing various NaF concentrations (0 to 9500ppm) at pH 2.

Fig.8 shows the variation of OCP for Ti-10Ta-2Mo in 0.9% NaCl without and with different

fluoride concentrations at pH 2.

For 0.9% NaCl of pH 2 without fluoride, the OCP shifts on the noble direction, attesting the

development of passive films on the studied alloy. In 0.9% NaCl of pH 2 containing fluoride,

the OCPs drop sharply to very negative values and then start to increase and reach a constant

value. Similar behavior was observed by other authors [38, 8, 16], but with more negative

values of OCP.

The open circuit potential obtained in our study in 0.9%NaCl containing fluoride varies

between -428mV and -796mV after 1h of immersion, values which are more noble but those

obtained by A. Robin [8] for CP-Ti, Ti-5Nb-13Zr, Ti-13Nb-13Zr and Ti-20Nb-13Zr  in

Ringer’s solution of pH 3 containing 1000 ppm F, the values are between -881 mV and -

964mV respectively. The OCP values found by A.M Al-Mayouf [16] for Ti and Ti-6Al-4V in

artificial saliva of pH 3.0 containing only 0.01M fluoride are about -952MmV and -924mV,

respectively.

Such a decrease in potential denotes the active behavior of the studied alloy [32, 39, 40]. At

pH 2, F- ions are hydrolyzed and the HF amount formed increases with increasing NaF added

to 0.9%NaCl solution. Table.4 reports the calculated concentration of and HF, F- for pH=2 at

different fluoride ions and the corresponding open circuit potential after 1Sec, 1min and 1h. It

is clear that the concentration of HF formed increases with increasing NaF added to the base



L. Sadi Oufella et al. J Fundam Appl Sci. 2016, 8(3), 731-752 744

solution 0.9%NaCl at pH 2, this lead to the destruction of the passive layer. Visual inspection

confirms the macroscopic corrosion and the roughness of the alloy surface.

Table.4 Open circuit potential values after 1sec, 1min and 60 min of immersion at pH 2

obtained from the OCP measurement

[NaF] ppm HF/ppm F- /ppm E(mV) after

1sec

E (mV) after

1min

E(mV) after

1H
0 0.00 0.00 -562.08 -486.01 -428.31

250 235.18 14.82 -534.25 -985.21 -796.23

500 470.36 29.63 -794.32 -943.12 -778.41

750 705.55 44.45 -670.63 -980.14 -752.14

1000 940.73 59.27 -749.12 -917.41 -715.12

1500 1411.1 88.90 -355.47 -886.23 -690.21

9500 8936.97

.

563.03 -796.21 -836.31 -657.08

3.3.2 Potentiodynamic polarisation studies at pH 2
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Fig.9. Potentiodynamic polarization curves for Ti-10Ta-2Mo alloy in acidified 0.9%NaCl

with varying NaF concentrations at pH 2
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The anodic polarization curves of Ti-10Ta-2Mo in 0.9% NaCl solution of pH 2, containing

various NaF concentrations are presented in Fig. 9. These curves present a noticeable active-

passive transition, which supports the spontaneous active behavior of Ti-10Ta-2Mo at OCP

under these conditions. Similar results were obtained for Ti, Ti-6Al-7Nb and Ti-6Al-4V

alloys in 0.1%NaF [38] and for CP-Ti, Ti-5Nb-13Zr, Ti-13Nb-13Zr and Ti-20Nb-13Zr in

Ringer’s solution of pH 2 containing 1000 ppm of fluorides [8].

The active behavior was attributed to the presence of hydrofluoric acid HF which dissolves

the oxide film on the surface of the alloy via the formation of Ti-F compounds such as TiF3,

TiF4, and TiOF2 according to the following reactions [20]:

OHTiOFHFTiO 222 2  (1)

OHTiFHFTiO 242 24  (2)

OHTiFHFOTi 2332 326  (3)

Table.5 reports the different electrochemical parameters as a function as the formed HF

concentration. The corrosion current densities icorr and passive current densities ipass increased

nearly 3 and 2 order of magnitude respectively in 0.9%NaCl containing fluoride ions at pH 2,

when compared to the values measured for 0.9% NaCl without fluoride ions. The same

tendency was found in several studies [8, 16, 20, 21, 38, 40].

Table. 5 Electrochemical parameters of Ti-10Ta-2Mo in 0.9%NaCl containing different NaF

concentrations at pH 2 obtained from the anodic polarization curves

[NaF]/

(ppm)

HF

(ppm)

Ecor /mV Icor/µA/cm2 ipass(µA/cm2) Ba(mV/dec) Bc

(mV/dec)

0 0.00 -391 0.72 25.23 109.42 -89.22

250 235.18 -720 170.7 676.82 117.504 -94.51

500 470.36 -792 240.3 1096.47 125.32 -98.13

750 705.55 -723 333.1 1737.80 140.41 -104.51

1000 940.73 -725 689.5 2045.73 147.93 -105.12

1500 1411.1 -686 738.2 3162.27 150.11 -107.94
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9500 8936.97. -664 836.4 5128.13 156.32 -113.32

3.2.3. EIS data analysis at pH 2
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Fig.10 (a). Nyquist diagrams of Ti–10Ta-2Mo in 0.9%NaCl without and with varying NaF

concentrations at 37°C at pH 2.

The impedance spectra of Ti-10Ta-2Mo alloy in 0.9%NaCl containing different fluoride ion

concentrations are presented as Nyquist and bode phase angle plots and are shown in Fig.10

(a) and Fig.10 (b) respectively. The Nyquist plots without fluoride ions exhibit a small and

flattened semicircle, followed by another incomplete semicircle with high impedance value.

In the presence of fluoride ions, Nyquist plots are constituted of two defined semicircles

characterized by very small diameters which decrease drastically as the fluoride concentration

increase, indicating the great reduction in corrosion resistance. Two relaxation time constants

are clearly indicated by two peaks on the phase angle plots denoting the presence of two

layers at the surface (Fig.10 (b)).

The impedance data were fitted using the equivalent electrical circuit shown in Fig.7 and the

different electrochemical parameters derived from the impedance spectra simulated by ZView

software were recorded in Table.6.
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Fig.10 (b). Bode phase diagrams of Ti–10Ta-2Mo in 0.9%NaCl without and with varying

NaF concentrations at pH 2.

The corrosion resistance of the alloy diminished significantly at pH 2 when the concentration

of fluoride ions increases. Very low values of the charge transfer resistance are found and it

indicates that it does not act as a barrier layer [41]. The presence of high concentration of

fluoride destroyed the two layers affecting severely their corrosion resistance [42]. An

identical tendency is obtained by A. Robin et al [21] but with more feeble values of charge

transfer resistance.

The charge transfer obtained for Ti-10Ta-2Mo in 0.9% NaCl containing 1000 ppm of fluoride

is 18.40 Ω.cm2 (Table.6), which is higher than those obtained for Ti-6Al-4Vand Ti-23Ta

alloys in saliva of pH 2 containing 1000 ppm Fluoride [21] . The charge transfer resistances

are only about 2.727 and 9.995 Ω.cm2, respectively. This comparison indicates the good

performance of the studied Ti-10Ta-2Mo alloy.
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Table. 6 Electrochemical parameters derived from the impedance spectra in 0.9%NaCl

containing different NaF concentrations at pH 2

/ Rs(Ω.cm2) C1

(F.cm-2)

np R1(Ω.cm2) Cdl

(F.cm-2)

nb Rct(Ω.cm2)

0ppm 12.21 0.00024 0.806 378.30 0.00026 0.95 78205

250ppm 12.88 0.0038 0.854 30.39 0.021 0.90 43.62

500ppm 12.50 0.0039 0.875 23.15 0.015 0.91 26.50

750ppm 12.01 0.0044 0.875 16.21 0.026 0.92 24.68

1000ppm 12.91 0.0038 0.854 11.47 0.026 0.93 18.40

1500ppm 9.87 0.0025 0.883 07.21 0.033 0.95 06.47

9500ppm 1.39 0.0011 0.898 4.20 0.055 0.98 3.50

4. CONCLUSION

In this work, a new titanium alloy Ti-10Ta-2Mo was synthesized using the melting process in

an arc furnace, under atmosphere of argon. The influence of fluoride ion concentration and

pH on the electrochemical and corrosion behaviors of Ti-10Ta-2Mo in 0.9% NaCl was

investigated utilizing electrochemical techniques. The main conclusions are summarized as

follows:

 In natural 0.9% NaCl solution containing fluoride, the HF concentration formed was low

and not sufficient to dissolves the passive film that naturally exists at the surface of the

alloy. The increase in fluoride ions concentration decreases slightly the corrosion

resistance of the alloy but does not interfere with the formation of a protective layer at the

surface.

 Very low corrosion current densities and passive current densities (in the order of 10-6

A/cm2) were obtained from the polarization curves, which is indicative of higher stability

of the passive films in 0.9%NaCl with and without fluoride ions in natural 0.9% NaCl

solution. High impedance values (in order of 106Ωcm2) were obtained corroborating with

the results obtained in the OCP, potentiodynamique polarization and cyclic voltammetry

techniques.
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 In acidified 0.9% NaCl not containing fluoride, a passive behavior is observed was

observed for Ti-10Ta-2Mo, traduced by very low current densities and high impedance

values.

 In acidified 0.9% NaCl solution of pH 2 containing various concentrations of fluoride, the

corrosion resistance of Ti-10Ta-2Mo decreased markedly in comparison with that in a

solution not containing fluoride which is due to the interaction of the alloy with the

important content of HF formed at pH 2 resulting to the progressive deterioration of

surface oxide film.

 At pH 2, increased fluoride increased icorr from 1.59 to 836.4 µA/cm2 and shifted Ecorr

from -391 to -664mV, moreover, very low impedance (101 Ωcm2) values were obtained

which confirm the active state of the Ti-10Ta-2Mo under these conditions attributed to the

presence of high HF concentration.

 The comparison of our results to other studies attested that Ti-10Ta-2Mo performed well

than some other materials cited in the literature and is acceptable for biomedical

applications.
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