
29© Copyright by International OCSCO World Press. All rights reserved. 2016 Research paper 29

of Achievements in Materials
and Manufacturing Engineering

International Scientific Journal 

published monthly by the 

World Academy of Materials 

and Manufacturing Engineering

Volume 74 • Issue 1 • January 2016

Corrosion resistance of titanium alloys 
in the artificial saliva solution

J. Loch a,*, H. Krawiec a, A. Łukaszczyk a, J. Augustyn-Pieniążek b
a Department of Chemistry and Corrosion of Metals, Faculty of Foundry Engineering, 

AGH University of Science and Technology, ul. Reymonta 23, 30-059 Krakow, Poland
b Department of Physical and Powder Metallurgy, Faculty of Metals Engineering 

and Industrial Computer Science, AGH University of Science and Technology, 

Al. Mickiewicza 30, 30-059 Krakow, Poland

* Corresponding e-mail address: beazurek@pg.gda.pl

ABSTRACT

Purpose: The purpose of this article was to characterize the corrosion behaviour and 
compare two biomedical titanium alloys (Ti-6Al-4V and Ti-10Mo-4Zr) in an artificial saliva 
solution (MAS) containing lactic acid and hydrogen peroxide (H2O2) used in dentistry. The 
addition of these two compounds simulate the situation, where the alloy is implanted in the 
human body and hydrogen peroxide is generated by the inflammatory reaction and lactic 
acid is release by bacterial in the oral cavity.

Design/methodology/approach: In this studies were used following electrochemical 
techniques: Open Circuit Potential (OCP), Linear Sweep Voltamperometry (LSV), 
Chronoamperometry at constant potential and Electrochemical Impedance Spectroscopy 
(EIS). Electrochemical impedance spectra were carried out at the 0.5 V vs. Ag/AgCl potential. 
The EIS data were fitted using the ZViev software.

Findings: The results presented in the work demonstrate that the titanium alloys have a 
good corrosion resistance. The corrosion behaviour was determined by surface condition of 
alloys and presence different chemical compounds in the solution. For Ti-10Mo-4Zr titanium 
alloy in MAS with different concentration of hydrogen peroxide in anodic domain it was seen 
more clearly. 

Research limitations/implications: In the future passive films of both titanium alloys 
will be investigated by: X-ray photoelectron spectroscopy (XPS) and scanning electron 
spectroscopy (SEM).

Originality/value: The corrosion behaviour of biomedical titanium alloy contains 
molybdenum and zirconium selected as safe alloying elements for human body is presented 
and compared to commercial Ti-6Al-4V alloy. The corrosion resistance of the titanium alloys 
was investigated in the artificial saliva solution with addition of lactic acid and hydrogen 
peroxide.
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1. Introduction 

Titanium and its alloys are the most attractive metallic 

materials used in dentistry, because of their good 

biocompatibility, light weight, excellent corrosion 

resistance, and high strength [1-2]. Compared with other 

metallic biomaterials, such as Co–Cr alloys and stainless 

steels, the Ti alloys possess lower modulus, superior 

biocompatibility and enhanced corrosion resistance. These 

attractive performances promote the development and 

application of new orthopaedic Ti alloys in the medical 

field [3]. Before the widespread application of titanium 

biomaterials, stainless steel and Co–Cr–Mo alloy were 

often used as a bio-implants, but some problems such as 

Ni-toxicity, corrosion degradation and others made it 

crucial to develop alternative biomaterials [4]. Moreover, 

Ti-based alloys have been proposed to prepare wires or 

lingual arches in orthodontic patients who are allergic to 

the nickel present for example in nitinol (NiTi) [5] or other 

alloys. The biocompatibility of titanium implant is 

determined by the chemical properties of the oxide layer. 

The passive layer plays an important role for the 

surrounding it tissues, and the passive film cannot undergo 

break down if the implant is to be successful [6].  

The oral environment undergoes the significant changes 

during the day. The mastication forces, oral pH, the 

presence of different chemical compounds from the food, 

drinking water, mouthwash products and inflammatory 

reactions play an important role on the degradation of the 

implants. Lactic acid is naturally released by bacteria in the 

oral cavity. This acid simulates the conditions which are 

reached during drinking acidic beverages, regurgitation or 

the presence of dentobacterial plaque. Bacteria present in 

the dental plaque generate a formation of  mixture of acids 

like lactic, acetic and other metabolic acids which cause the 

decrease of pH up to 4 or lower. Such low pH of the saliva 

destroys the tooth [2-3]. 

It has been shown that the hydrogen peroxide (H2O2) is 

produced by bacteria and leukocytes during inflammatory 

response and it attacks the surface of Ti alloys [5]. 

Additionally, the unexpectedly high in vivo oxidation/ 

corrosion rates of titanium sometimes was found, as an 

effect of generation of H2O2 in the biological system during 

implantation [7-8]. Hydrogen peroxide generates oxidation 

and hydroxylation of the titanium surface by removing the 

native oxide layer, stripping away organic contaminants 

and producing a purified and disinfected final product [9]. 

Application of bioactive coatings on the surface of alloys 

and thermo-chemical treatment based hydrogen peroxide is 

very important for medical implants. This modify the 

surface chemistry and topography of titanium alloys 

surface for obtaining a bioactive behaviour [10]. 

Furthermore, the oxides formed at the presence of H2O2 are 

rougher and display higher ionic conductivity than the 

oxide formed in the absence of peroxide [6]. The formation 

of the thick and rough oxide layer on the metal surface 

releases of titanium ions to the solution [11].   

The new generation of titanium base alloys for implant 

applications must satisfy many concerns. The most 

important alloys include non-toxic elements for body 

fluids. The new titanium alloys which are consider as non-

toxic alloys contain as a alloying elements molybdenum 

and zirconium. In the previous works the corrosion 

behaviour of these alloys have been studied in Ringer and 

Hank’s solution [12-17]. 

In this paper, the corrosion behaviour of Ti-10Mo-4Zr 

is compared to Ti-6Al-4V alloy in artificial saliva solution   

at 37°C. The aim of this study was to investigate the 

corrosion resistance of both titanium alloys in the artificial 

saliva containing the lactic acid and hydrogen peroxide. 

2. Experimental 

Experiments were performed on titanium alloys  

Ti-6Al-4V and Ti-10Mo-4Zr. In order to increase the grain 

size, the first alloy (Ti-6Al-4V ) was heated at 740°C for 70 

minutes. Ti-6Al-4V alloy is composed to two metallic 

phases: α and β phase. Second alloy Ti-10Mo-4Zr is only 

composed to β-phase. Specimens of Ti alloys were 

mechanically ground via a standard procedure using wet 

silicon carbide papers of decreasing grit (500, 1200, 2400, 

4000) and then smoothed using diamond suspensions 

(down to 1 �m). Between each step, specimens were 

ultrasonically cleaned in ethanol for 5 minutes.  

All electrochemical tests were conducted using a 

potentiostat PGSTAT302N AUTOLAB potentiostat/ 

galvanostat. Electrochemical measurements were carried 

out at the global scale, in aerated solutions. A classical 

three-electrode cell was used with a silver/silver chloride 

electrode (3 M KCl) as reference electrode and a platinum 

plate as counter electrode. 

Corrosion tests were performed in a simulated body 

fluid: Mayer artificial saliva solution (MAS) at 37°C. 

Chemical composition of MAS was presented in Table 1. 

Experimental measurements were performed adding to 

MAS solution the following chemical compounds: lactic 

acid and hydrogen peroxide in different concentration 

(Table 2). Oral bacteria metabolization imitate addition of 

lactic acid (80%, Avantor Performance Materials) to 

artificial saliva solution. The inflammatory conditions after 

implantation was simulated through the addition of H2O2

(30%, Avantor Performance Materials).  

2.  Experimental

1.  Introduction
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Table 1.  

Chemical compound of Mayer artificial saliva solution (MAS); pH=6.6 

Chemical compound, 

g/l 

NaCl KCl CaCl2 NaH2PO4*2H2O KSCN Na2S * 9H2O Urea

0.4 0.4 0.6 0.26 0.3 0.005 1.0

Table 2.  

Artificial saliva solution (MAS) with added different chemical compounds

Indication of solution Added chemical compound Content, unit/l pH of solution

MAS + lactic acid 80% lactic acid solution – C2H4OHCOOH To pH 4.0

MAS + 1 H2O2 30% hydrogen peroxide solution – H2O2 1.0 ml 4.3

MAS + 10 H2O2 30% hydrogen peroxide solution – H2O2 10.0 ml 4.5
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Fig. 1. Electrochemical behaviour of Ti-6Al-4V and Ti-10Mo-4Zr alloys in artificial saliva solution (MAS) with lactic acid 

(pH = 4.0), at 37°C: (a) evolution of the corrosion potential vs. time and (b) polarization curves at 1 mV/s 

Such concentrations are likely to be generated in the 

body in case of inflammation in the surrounding of implant 

or present in mouth washes or in fluorination preparations. 

Potentiodynamic polarization scans were plotted at a 

scan rate of 1 mV/s from -1 V vs. Ag/AgCl (3 M KCl) up 

to 2.5 V vs. Ag/AgCl (3 M KCl). Electrochemical 

impedance spectroscopy (EIS) diagrams were plotted on 

the two alloys within a frequency range of 100 kHz to a 

few mHz (70 points) using 10 mV peak-to-peak sinusoidal 

potential difference. EIS measurements were performed 

after 1200 s of immersion at various applied potentials  

0.5 V vs. Ag/AgCl (3 M KCl). Interpretations of the 

spectra were performed utilizing the ZViev program. The 

impedance data and fitted data were interpreted in Bode 

amplitude and phase angle plots. 

3. Results and discussion 

3.1. Influence of lactic acid 

Open circuit potential measurements (Fig. 1a) and linear 

polarisation (Fig. 1b) were used to demonstrate the differences 

in corrosion behaviour of Ti-6Al-4V and Ti-10Mo-4Zr 

alloys in artificial saliva solution (MAS) with or without 

lactic acid. The OCP curves of both alloys take on an upward 

trend and they obtain gradually the stable value in MAS and 

in solution with lactic acid. During the initial stabilisation 

period of 20000 s after the immersion, similar trends were 

observed on both materials in MAS, but in MAS with lactic 

acid the stable value of OCP was obtained over 70000 

seconds. In MAS, as shown in Fig. 1b, both titanium alloys 

showed typical passive behaviour, with the current density 

maintained at 12-22 µA/cm2 in the passive range. Only the 

polarisation curves plotted for both Ti alloys in MAS with 

lactic acid exhibit the lower current density in the potential 

range between -0.25 V and 0.70 V vs. Ag/AgCl, Fig. 1b. The 

greater current density in the cathodic domain is observed for 

acidic solution. This is the region in which the hydrogen 

reduction and evolution of hydrogen gas occur (reaction 2). 

In order to maintain a balance of charge, two reactions occur 

at the surface of titanium alloys. The metal dissolution 

reaction, or anodic reaction, results in the loss of electrons 

(for titanium and other alloying elements), while the coupled 

cathodic reaction results in a species gaining electrons.  

3.  Results and discussion

3.1.  Influence of lactic acid
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An example of these two reactions is shown in 

Equations (1) and (2), where metal is being oxidized to 

ions while hydrogen ions are being reduced such that 

hydrogen is evolved (especially after addition of lactic 

acid) [17]: 

M � M
n+

 + ne  (1) 

2H
+
 + 2e � H2 � (2) 

3.2. Influence of hydrogen peroxide 

The presence of hydrogen peroxide in artificial saliva 

solution (MAS) shifts the OCP potential to positive 

direction at two H2O2 concentrations and two pH values for 

both titanium alloys (Fig. 2). The values of OCP measured 

for titanium alloys immersed in MAS for 24 h was shown 

in Table 3. The highest potential exhibited Ti-6Al-4V and 

Ti-10Mo-4Zr alloys in solution with 1 ml H2O2 (MAS + 1 

H2O2). The potential of surface for titanium alloys in this 

measurements was found to increase with the order: MAS 

< MAS+10 H2O2 < MAS+1 H2O2. Potential increase in 

MAS with H2O2 is associated with enhance rate growth of  

oxide film. Karthega et all sugared that especially growth 

of globular particles over entire surface [18]. 

Table 3.  

OCP for Ti-6Al-4V and Ti-10Mo-4Zr alloys after 24 h 

immersion in MAS with hydrogen peroxide in different 

concentration 

Potential [mV vs. 

Ag/AgCl] in: 
MAS 

MAS + 1 

H2O2

MAS + 

10 H2O2

Ti-6Al-4V -23 137 96

Ti-10Mo-4Zr -38 99 58

Corrosion resistance of titanium alloys is determined 

mainly by the chemical composition of alloys, dissolution 

of alloying elements, formation titanium oxide (TiO2) and 

catalysed decomposition of the peroxide [11]. Pan et all 

sugared that the inner layer (untreated alloys) is compact 

and similar stoichiometric to TiO2. While outer layer (film 

on the surface) is porous, nonstoichiometric and rich in 

hydroxylated compounds. Schematic growth of the oxide 

film on the titanium in solution with hydrogen peroxide 

shows Fig. 3 [7].  
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Fig. 2. Electrochemical behaviour: evolution of the corrosion potential vs. time of (a) Ti-6Al-4V and (b) Ti-10Mo-4Zr alloy 

in artificial saliva solution (MAS), MAS+1 H2O2 and MAS+10 H2O2, at 37oC 

              

Fig. 3. Schematic representation of the oxide film formed on titanium exposed in the PBS (Phosphate Buffered Solution): (a) 

without H2O2, (b) with H2O2, earlier stage, (c) with H2O2, later stage [7] 
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On the surface of titanium alloys two phenomena will 

take place in contact with H2O2: (3) the Ti-catalysed 

decomposition of hydrogen peroxide and the corrosion of 

the metal [10]. The H2O2 decomposes to oxygen and water 

at the Ti surface. This can be illustrated by the following 

equations [6]:  

2TiO2 + H2O2 + 2e = Ti2O3 +H2O + O2 (3) 

Ti2O3 + H2O2 = 2TiO2 + H2O + 2e (4) 

The influence of concentration of hydrogen peroxide on 

the corrosion behaviour of Ti-10Mo-4Zr and Ti-6Al-4V 

was then investigated in artificial saliva solution with H2O2

at 37°C. The potentiodynamic polarization curves for  

Ti-6Al-4V and Ti-10Mo-4Zr in MAS with different 

concentration of H2O2 are presented in Fig. 4a,b. For both 

titanium alloys the equilibrium potential is lower in MAS 

without H2O2. Additionally, the presence of H2O2 shifts the 

equilibrium potential to more noble potential values for Ti 

alloys. In the cathodic domain current density for titanium 

alloys in MAS with H2O2 compare to MAS is greater, 

especially in the solution containing 1 ml of hydrogen 

peroxide. The current density measured in the anodic 

branch of both alloys in MAS with 1 ml of H2O2 is greater 

than the current registered in the neutral solution. The 

current density in MAS+10 H2O2 is similar to the current 

measured in MAS. Therefore, the two alloys are less 

resistant to corrosion in less concentration H2O2. For 

example, in the case of Ti-10Mo-4Zr, the current density at 

0.5 V vs. Ag/AgCl is roughly 18.8 µA/cm2 for MAS+1H2O2

and 8-14 µA/cm2 for MAS and MAS+10H2O2.  

Differences in corrosion behaviour result from chemical 

properties of the titanium oxide TiO2 which is the main 

oxide present in the passive film. As it was stated before 

the presence of H2O2 in the solution significantly changes 

the properties of the structure of the oxide layer formed on 

the surface of Ti alloys. Therefore, to confirm these 

changes the electrochemical impedance spectroscopy (EIS) 

measurements were performed in the anodic domain in 

MAS containing H2O2. 

Evolution of current density vs. time during chrono-

amperometry test of both titanium alloys shows Fig. 5. The 

time required to obtain the stable value of current density 

was 1200 s for both alloys in MAS and MAS with added 

hydrogen peroxide. Current density is around 1.3*10-3-

4.3*10-4 mA/cm2. 

Figure 6a shows the impedance spectra (Nyquist plot) 

obtained for both titanium alloys at potentials of 0.5 V vs. 

Ag/AgCl (potential in the passive range). In order to obtain 

the steady state first the chronoamperometry at potential 

0.5 V vs. Ag/AgCl was performed for 1200 seconds,  

than the EIS spectra were plotted at this potential. Figure 

6b,c shows EIS spectra presented as Bode plot in of the 

both titanium alloys in MAS and MAS+10H2O2. 
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Fig. 4. Electrochemical behaviour: polarization curves at  

1 mV/s of (a) Ti-6Al-4V and (b) Ti-10Mo-4Zr alloy in 

artificial saliva solution (MAS), MAS+1 H2O2 and MAS+10 

H2O2, at 37oC  
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From Fig. 6c, higher Z moduls at lower frequency in the 

Bode impedance plot indicated a better corrosion resistance 

of both titanium alloys in MAS with H2O2. 
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Fig. 6. Electrochemical impedance diagrams: (a) Nyquist 

plot, (b-c) Bode plots obtained on the Ti-6Al-4V and  

Ti-10Mo-4Zr alloys in (b) MAS and (c) MAS+10H2O2 at 

37°C at 0.5 V vs. Ag/AgCl. Potential was applied 1200 s 

before EIS measurements 

The equivalent circuit as shown in Fig. 7a was used to 

fit the EIS data. The equivalent circuit consisted of the 

electrolyte resistance (R1), the coating resistance (R2) and 

constant phase elements (CPE). The fitted equivalent 

circuit model (Fig. 7a) clearly indicated the presence of the 

passive oxide layer over the surface of Ti-alloys. 

Equivalent circuit modified by an additional Warburg 

resistance (W) was used for fitting of EIS spectra obtain for 

Ti-6Al-4V alloy in MAS (Fig. 7b). Warburg resistance at 

low frequency range, corresponding to the effect of 

concentration polarization dominated by diffusion on the 

electrode reaction [19]. Warburg-type diffusion component 

in the EIS spectrum that can be attributed to diffusion 

processes taking place in the solid phase. This suggests the 

presence of pores in the outer part of the passive film with 

diffusion effects inside them [20]. 

The spectra obtained for Ti-10Mo-4Zr alloy in MAS 

was fitted using the circuit model represented as 

R1(R2CPE1)(R3CPE2) (Fig. 7c). It indicated the formation 

of inner barrier layer and outer porous gel layer. This type 

of circuit can be considered as an electrical representation 

of a two layers model of the oxide film, consisting of an 

inner barrier and outer porous layer [18,21]. 

Fig. 7. Equivalent circuits used for fitting EIS data of 

investigation samples. On the basis of [22] 

Table 4 shows that the resistance (R2) of the outer 

porous layer is smaller than the resistance (R3) of the inner 

barrier layer. The outer porous layer contributes less to the

protection effect of the coating. The inner barrier layer 

plays an important role in inhibiting the penetration of the 

ions in the electrolyte [19].
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Table 4. 

Numerical data derived from fitting EIS spectra 

Sample 
R1, 

�*cm2
CPE1-T, 

Fsn-1*cm2 CPE1-P 
R2, 

�*cm2
Ws1-R, 

�*cm2 Ws1-T Ws1-P 

MAS

Ti-6Al-4V 92.3 2.2*10-5 0.83 61416 6.9*105 301.3 0.52 

Sample
R1, 

�*cm] 

CPE1-T, 

Fsn-1*cm2 CPE1-P 
R2, 

�*cm2
CPE2-T, 

Fsn-1*cm2 CPE2-P 
R3, 

�*cm2

Ti-10Mo-4Zr 77.0 2.0*10-5 0.89 24517 1.89*10-5 0.75 337370 

MAS + 10H2O2

Ti-6Al-4V 58.3 3.7*10-5 0.84 301540 - - - 

Ti-10Mo-4Zr 58.0 2.7*10-5 0.88 270350 - - - 

The passive film formed at 0.5 V vs. Ag/AgCl on the 

Ti-alloys has capacitive character. The values of CPE1-P 

for both alloys is around 0.86. It can be seen that the values 

of R2 in MAS with H2O2 is very high around 2.7-3.0*105

�*cm2 for both alloy, significantly higher compared to 

MAS.  

A compact or a porous oxide film on titanium alloys 

can be represented by three different equivalent electrical 

circuits from fitting of EIS spectra. The study indicates that 

the addition of hydrogen peroxide to artificial saliva has an 

slightly beneficial effect on corrosion resistance of Ti-

alloys. EIS studies show that the resistance and the 

structure of the passive film formed on Ti-alloys depend on 

the chemical composition of alloy and environment 

especially of the presence of oxidizing agents. 

4. Conclusions  

This study reports the corrosion behaviour of two 

titanium alloys using electrochemical tests in artificial 

saliva solution (MAS) at 37°C. Under the experimental 

conditions of this study, the following conclusions can be 

drawn: 

1) The results presented in the work demonstrate that 

titanium alloys: Ti-6Al-4V and Ti-10Mo-4Zr have a 

very good corrosion resistance in MAS. 

2) The presence of lactic acid in artificial saliva solution 

has little impact on corrosion behaviour of both 

titanium alloys, visible in the cathodic domain. The 

current density increase because pH of solution is 

lower. 

3) In H2O2 free MAS, titanium forms a passive film with 

high corrosion resistance. H2O2 addition in MAS results 

in an enhanced growth rate of the oxide film with 

titanium and can lead to decrease or increase corrosion 

resistance. 

4) The electrochemical studies revealed that titanium 

alloys in MAS + 10 H2O2 possessed low current density 

in anodic domain and excellent corrosion resistance 

compared to MAS and MAS + 1 H2O2. 

5) The EIS spectra suggested, that corrosion resistance of 

titanium alloys is determined by structure of passive 

film and chemical compounds of solution. 

6) The experimental results confirm that the corrosion 

resistance of the studied new titanium Ti-10Mo-4Zr 

alloy is similar to that of commercial Ti–6Al-4V alloy 

currently used as biomaterial, suggesting their potential 

for dental applications. 

Acknowledgements 

This work was supported by the dean’s grant 2016 of 

AGH University of Science and Technology (Krakow, 

Poland) no. 15.11.170.569. 

References 

[1] Y.J. Bai, Y.B. Wang, Y. Cheng, F. Deng, Y.F. Zheng, 

S.C. Wei, Comparative study on the corrosion 

behavior of Ti–Nb and TMA alloys for dental 

application in various artificial solutions, Materials 

Science and Engineering C 33/3 (2011) 702-711. 

[2] D. Mareci, R. Chelariu, D.M. Gordin, G. Ungureanu, 

T. Gloriant, Comparative corrosion study of Ti–Ta 

alloys for dental applications, Acta Biomaterialia 5/9 

(2009) 3625-3639. 

[3] K.J. Qiu, Y. Liu, F.Y. Zhou, B.L. Wang, L. Li, Y.F. 

Zheng, Y.H. Liu, Microstructure, mechanical 

properties, castability and in vitro biocompatibility of 

Ti–Bi alloys developed for dental applications, Acta 

Biomaterialia 15 (2015) 254-265. 

[4] H. Ahn, D. Lee, K.-M. Lee, K. Lee, D. Baek, S.-W. 

Park, Oxidation behavior and corrosion resistance of 

Ti–10Ta–10Nb alloy, Surface and Coatings 

Technology 202/22-23 (2008) 5784-5789. 

Acknowledgements

References

4.  Conclusions



Research paper36 READING DIRECT: www.journalamme.org

Journal of Achievements in Materials and Manufacturing Engineering

[5] G. Mabilleau, S. Bourdon, M.L. Joly-Guillou, R. 

Filmon, M.F. Baslé, D. Chappard, Influence of 

fluoride, hydrogen peroxide and lactic acid on the 

corrosion resistance of commercially pure titanium, 

Acta Biomaterialia 2/1 (2006) 121-129. 

[6] N.A. Al-Mobarak, A.M. Al-Mayouf, A.A. Al-Swayih, 

The effect of hydrogen peroxide on the 

electrochemical behavior of Ti and some of its alloys 

for dental applications, Materials Chemistry and 

Physics 99/2-3 (2006) 333-340. 

[7] J. Pan, D. Thierry, and C. Leygraf, Hydrogen peroxide 

toward enhanced oxide growth on titanium in PBS 

solution: Blue coloration and clinical relevance, 

Journal of Biomedical Materials Research 30/3 (1996) 

393-402. 

[8] J. Pan, D. Thierry, C. Leygraf, Electrochemical 

impedance spectroscopy study of the passive oxide 

film on titanium for implant application, 

Electrochimica Acta 41/7-8 (1996) 1143-1153. 

[9] G. Muller, H. Benkhai, R. Matthes, B. Finke, W. 

Friedrichs, N. Geist, W. Langel, A. Kramer, Poly 

(hexamethylene biguanide) adsorption on hydrogen 

peroxide treated Ti–Al–V alloys and effects on 

wettability, antimicrobial efficacy, and cytotoxicity, 

Biomaterials 35/20 (2004) 5261-5277. 

[10] S. Ferraris, A. Venturello, M. Miola, A. Cochis, L. 

Rimondini, S. Spriano, Antibacterial and bioactive 

nanostructured titanium surfaces for bone integration, 

Applied Surface Science 311 (2014) 279-291. 

[11] C. Fonseca, M.A. Barbosa, Corrosion behavior of 

titanium in biofluids containing H2O2 studied by 

electrochemical impedance spectroscopy, Corrosion 

Science 43/3 (2001) 547-559. 

[12] H. Krawiec, J. Loch, V. Vignal, Comparison of 

corrosion behaviour of titanium alloys TiAl6V4 and 

TiMo10Zr4 in ringer's solution : influence of 

microstructure and plastic strain, Ceramics: Reactivity 

of Solids 115 (2013) 33-40. 

[13] J. Loch, A. Łukaszczyk, V. Vignal, H. Krawiec, 

Corrosion Behaviour of Ti6Al4V and TiMo10Zr4 

Alloys in the Ringer’s Solution: Effect of pH and 

Plastic Strain, Solid State Phenomena 227 (2015) 435-

438. 

[14] J. Loch, H. Krawiec, and A. Łukaszczyk, Influence of 

Simulated Physiological Solution to Corrosion 

Resistance of Ti6Al4V and Ti10Mo4Zr Alloys and 

Alloying Elements, Archives of. Foundry Engineering 

14/4 (2014) 89-94 (in Polish). 

[15] H. Krawiec, V. Vignal, J. Loch, P. Erazmus-Vignal, 

Influence of plastic deformation on the microstructure 

and corrosion behaviour of Ti–10Mo–4Zr and Ti–

6Al–4V alloys in the Ringer’s solution at 37°C, 

Corrosion Science 96 (2015) 160-170. 

[16] J. Loch, H. Krawiec, A. Łukaszczyk, Influence of 

Fluoride and Lactic Acid to Corrosion Resistance of 

Titanium Alloys in Simulated Artificial Saliva 

Solution, Archives of Foundry Engineering 15/4 

(2015) 87-90 (in Polish). 

[17] M.A. Deyab, Hydrogen generation by tin corrosion in 

lactic acid solution promoted by sodium perchlorate, 

Journal of Power Sources 268 (2014) 765-770. 

[18] M. Karthega, S. Nagarajan, N. Rajendran, In vitro 

studies of hydrogen peroxide treated titanium for 

biomedical applications, Electrochimica Acta 55/6 

(2010) 2201-2209. 

[19] W.F. Cui, L. Jin, L. Zhou, Surface characteristics and 

electrochemical corrosion behavior of a pre-anodized 

microarc oxidation coating on titanium alloy, 

Materials Science and Engineering C 33/7 (2013) 

3775-3779. 

[20] L.E. Amato, D.A. López, P.G. Galliano, S.M. Ceré, 

Electrochemical characterization of sol–gel hybrid 

coatings in cobalt-based alloys for orthopaedic 

implants, Materials Letters 59/16 (2005) 2026-2031. 

[21] M. Metikos-Hukovi�, Z. Pili�, R. Babi�, D. Omanovi�, 

Influence of alloying elements on the corrosion 

stability of CoCrMo implant alloy in Hank’s solution, 

Acta Biomaterialia 2/6 (2006) 693-700. 

[22] J.C.M. Souza, S.L. Barbosa, E. Ariza, J.-P. Celis, L.A. 

Rocha, Simultaneous degradation by corrosion and 

wear of titanium in artificial saliva containing fluorides,

Wear 292-293 (2012) 82-88. 


