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Abstract 

The objective of the present study was to evaluate the corrosion resistance of the experimental alloy Ti-35Nb-7Zr-

5Ta, modified by laser beam, in a physiological solution of 0.9% NaCl. This evaluation was carried out by open 

circuit potential analysis (EOCP), potentiodynamic polarization curves and cyclic polarization curves. The open circuit 

potential curves show the specimen irradiated by laser beam at 35 Hz presented a more stable and corrosion resistant 

surface. It was observed in the polarization curves, low current densities in the order of nA /cm2, for all specimen 

indicating an expected passive behavior for the investigated alloy. The cyclic polarization curves show that for 

specimen treated with laser, the potential for repassivation (Er) is greater in relation to the potential for corrosion 

(Ecorr), which indicates greater resistance to corrosion of metal alloys when treated with laser. 

Keywords: Titanium alloys; Biomaterials; Electrochemical techniques; Corrosion; Osseointegration. 

 

Resumo 

O objetivo do presente estudo foi avaliar a resistência à corrosão da liga experimental  

Ti-35Nb-7Zr-5Ta, modificada por feixe de laser, em uma solução fisiológica de NaCl a 0,9%. Esta avaliação foi 

realizada por análise de potencial de circuito aberto (EOCP), curvas de polarização potenciodinâmica e curvas de 

polarização cíclica. As curvas de potencial de circuito aberto mostram que a amostra irradiada por feixe de laser a 35 

Hz apresentou uma superfície mais estável e resistente a corrosão. Observou-se nas curvas de polarização, baixas 

densidades de corrente na ordem de nA/ cm2, para todas as amostras indicando um comportamento passivo esperado 

para a liga investigada.  As curvas de polarização cíclica mostram que para as amostras tratadas a laser o potencial de 

repassivação (Er) é maior em relação ao potencial de corrosão (Ecorr), o que indica uma maior resistência a corrosão 

das ligas metálicas quando tratadas a laser. 
Palavras-chave: Ligas de titânio; Biomateriais; Técnicas eletroquímicas; Corrosão; Osseointegração. 
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Resumen 

El objetivo del presente estudio fue evaluar la resistencia a la corrosión de la aleación experimental. Ti-35Nb-7Zr-

5Ta, modificado por rayo láser, en una solución fisiológica de NaCl al 0,9%. Esta evaluación se llevó a cabo mediante 

análisis de potencial de circuito abierto (EOCP), curvas de polarización potenciodinámica y curvas de polarización 

cíclica. Las curvas de potencial de circuito abierto muestran que la muestra irradiada por rayo láser a 35 Hz presentó 

una superficie más estable y resistente a la corrosión. Se observó en las curvas de polarización, densidades de 

corriente bajas del orden de nA / cm2, para todas las muestras indicando un comportamiento pasivo esperado para la 

aleación investigada. Las curvas de polarización cíclica muestran que para las muestras tratadas con láser, el potencial 

de repasivación (Er) es mayor en relación al potencial de corrosión (Ecorr), lo que indica una mayor resistencia a la 

corrosión de las aleaciones metálicas cuando se tratan con láser. 

Palabras clave: Aleaciones de titanio; Biomateriales; Técnicas electroquímicas; Corrosión; Osteointegración. 

 

1. Introduction  

For dental and orthopedic applications, titanium has a successful history for use in biomaterials due to its 

biocompatibility. With a highly active oxide layer, this material is very well accepted by local fabrics. (Mish, 2000; Santos et 

al., 2007) Titanium alloys have numerous properties are suitable for such applications as, high resistance to corrosion, 

biocompatibility, and low specific weight. (Kuroda et al., 1998; Niinomi, et al 1999; Rodrigues et al., 2015)  

Considering the metallic components used in implantable devices are constantly subjected to aggressive means, the 

study corrosion is fundamental importance for the understanding its performance and functionality, when applied 

clinically.(Lopes et al., 2016; Paital & Dahotre, 2009) Corrosion resistance is evaluated as a vital property for these 

applications, considering corrosion products are responsible for biocompatibility, since they can produce undesirable reactions 

to the organism.(De Assis et al., 2006; Trivinho-Strixino, F; Santos, J S; Sikora, 2017) Studies carried out by Chai et al and 

Lopez et al, showed the development of new low-toxicity, vanadium-free Ti-based alloys, such as Ti-7Nb-6Al, Ti-13Nb-13Zr 

and Ti-15Zr-4Nb, for use as biomaterials, demonstrating the spontaneous formation an oxide layer in contact with air.(Chai et 

al., 2008; López et al., 2001)  

The modification the surface can promote improvement the corrosion resistance the material, increase of the 

bioactivity characteristic of the titanium oxides formed spontaneously on the surface, presenting promising results in the 

interaction with the tissue, since the biocompatibility (inertiality or bioactivity) is determined by chemical processes occur at 

the interface between the prosthesis and the living tissue.(Capellato, 2020; Chen et al., 2013; Geetha et al., 2009; Mohammed 

et al., 2015; Rungsiyakull et al., 2010) One of the most promising surface modifications is laser beam irradiation, a technique 

that consists of providing a large irregularity on the surface the material in a '' clean '' manner to create a morphology with a 

large specific area and physical properties-chemicals suitable for promoting the interaction of apatites and providing the 

formation of a great diversity of oxides aiming induce the phenomenon of osseointegration more effectively and 

satisfactorily.(Queiroz et al., 2013; Valente, 2017) Some researchers, in a study using Nd; YAG lasers, found that implants 

with surfaces modified by laser beam, present better and more stable fixation to the bone in relation to the machined ones, and 

attributes this characteristic to the oxidation process of the surface contributing to a favorable way for the osseointegration 

process, providing increased hardness and corrosion resistance, as well as improved wettability and increased free surface 

energy.(Filho et al., 2011; Laurindo, Lepienski, Amorim, Torres, Soares, 2018)  

In this research, we sought to elucidate the corrosion resistance of the Ti-35Nb-7Zr-5Ta alloy and evaluate the film 

formed on the surface before and after modification by laser beam, using the following electrochemical techniques: open 

circuit potential (OCP), potentiodynamic polarization and cyclic polarization. 
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2. Methodology  

Specimen the β Ti-35Nb-7Zr-5Ta alloy (% m / m) were obtained by the authors from the methodology of previous 

studies (P. A. B. Kuroda & Nascimento, M V; Grandini, 2020; Miotto et al., 2016) using an arc melting furnace under an ultra-

pure argon atmosphere, obtaining ingots approximately 10 cm long and 1 cm thick which then underwent heat treatment at 

1000°C for 8 hours and slow air cooling, to remove internal stresses from the casting process. Then they were machined and 

cut to dimensions of 8.0 mm in diameter and 2.0 mm in thickness and separated into groups: specimen without surface 

modification, specimen with a laser irradiated surface at 20 Hz and specimen with an irradiated surface at 35Hz laser. The 

specimen was mechanically polished with 320 to 2000 mesh granulation sandpaper and was subjected to a process of 

immersion in isopropyl alcohol and distilled water, in that order, in ultrasound equipment, lasting 30 minutes each. Then the 

polishing was carried out in an electric polisher (Arotec, Aropol 2V), with cloth soaked in 0.5 µm granulation alumina and 

again were immersed in isopropyl alcohol and distilled water, in ultrasound equipment, for 30 minutes each. The surface 

modification was performed using Yb: YAG laser beam irradiation, in the parameters mentioned in Table 1. The cleaning of 

the specimen after laser beam irradiation was done with isopropyl alcohol, acetone, and distilled water, respectively in 

equipment ultrasound for 10 minutes. 

 

Table 1 - Parameters used for laser irradiation in the Ti-35Nb-7Zr-5Ta alloy. 

LASER PROPERTY PARAMETERS 

Beam power (W) maximum 

Scanning speed (mm / s) 100 

Space between scans (mm) 0.01 

Pulse frequency (Hz) 20 -35 

Average exposure area (mm) 0.8 

Source: Survey data. 

 

The electrochemical experiments were conducted in accordance with the provisions of the literature.(De Assis et al., 

2006; Rodrigues et al., 2015; Varella Rodrigues & Carlos Guastaldi, 2018) In a standard cell of three electrodes with an 

exposed area of 0.8 cm2 of working electrode, with a platinum mesh as a counter electrode and silver / silver chloride (Ag / 

AgClsat) as the reference electrode. These studies were carried out in a 0.9% NaCl solution, at room temperature, in media and 

conditions simulate the aggressiveness of human body fluids. The open circuit potential (Eocp) was measured during the time of 

≈ 20 h until its variation with time became negligible. The potentiodynamic and cyclic polarization tests were performed 

immediately after 20h of immersion, without removing the specimen from the electrochemical cell and without changing the 

solution. For the potentiodynamic polarization measures, an initial potential E1 = - 0.1V vs. (Ag / AgClsat) was used up to E2 = 

2V vs. (Ag / AgClsat) and scan speed of 5 mV / s. For cyclic polarization measurements, the initial potential was E1 = - 0.5 V 

vs. (Ag / AgClsat) with E2 reversal potential = 1.5 V vs. (Ag / AgClsat) and final potential of E1 = - 1 V vs. (Ag / AgClsat), with 

scanning speed of 5 mV / s. 

 

3. Results  

3.1 Open Circuit Potential (Eocp) 

Corrosion resistance of metallic materials can be assessed by simple Eocp measurements. Under conditions of open 

circuit potential, cathodic and anodic electrochemical reactions are simultaneous and occur spontaneously.(Silva et al., 2017) 
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The monitoring of this spontaneous process allows to measure the potential variation over time and to verify the formation or 

dissolution behavior of oxide films on the surface of metals or metal alloys. (Rodrigues et al., 2015) 

Figure 1 shows the curves obtained for the variation of Eocp versus time for Ti-35Nb-7Zr-5Ta in the three proposed 

conditions, in 0.9% NaCl solution during 20 hours of analysis. It is observed in the untreated specimen - there is initially a 

decrease in the open circuit potential attributed to the dissolution of the native oxide layer on the alloy surface, adsorption of 

chloride ions, dissolution of alloy elements and changes in ion concentrations on the surface and oxygen. (Silva et al., 2017) 

After 20 min the Eocp value starts to rise, due to the formation of a passive layer of titanium oxide. The growth of the titanium 

oxide layer is slow and acts to protect the surface of the material, which can be confirmed by the gradual increase in the value 

of the Eocp. After 20 h of immersion, the Eocp value stabilizes at -0.17 V (Ag / AgClsat). 

For the 20 Hz laser treated specimen, the Eocp value is -0.05 V (Ag / AgClsat) at the beginning of the experiments. 

After a few minutes there is a sudden decrease in the value of the open circuit potential reaching -0.10 V (Ag / AgClsat) with a 

time of 30 minutes. This decrease can be attributed two process: the diffusion of electrolytes through defects of the passive 

film and pores in the oxide layers until it reaches the surface of the metal alloy, starting its corrosion and attack of chloride ions 

on the surface of the metal alloy. After 30 min the potential begins to increase due to the formation of a stable layer of metallic 

oxides on the surface of the alloy, mainly in the anodic areas. After about 10 h the Eocp value remains practically constant, 

although it is possible to observe some potential fluctuations can be attributed to the passivation and repassivation process of 

the protective oxide layer. The specimens treated with laser at 35 Hz showed an increase in the Eocp value from the beginning 

of the tests until approximately 10 h of immersion. After this time, a stabilization in the Eocp value can be observed. This 

behavior shows the oxide layer formed after laser treatment has the characteristic of being more dense, uniform, and compact, 

since it is electrochemically stable and does not allow the electrolyte to reach the surface of the metal alloy causing oscillations 

in the potential values. This type of behavior, in which there is an increase in potential as soon as the metallic material is 

exposed to the electrolyte, is typical of systems present the formation of a thick film. 
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Figure 1 - Values of open circuit potential versus time for Ti-35Nb7Zr-5Ta in 0.9% NaCl solution, in conditions without 

surface treatment and with laser beam irradiation at 20Hz and 35Hz. 

 

Source: Survey data. 

 

3.2 Potentiodynamic polarization 

The Figure 2 presents the curves obtained for the Ti-35Nb-7Zr-5Ta alloy with surface treatment to laser beam to the 

20 Hz. A corrosion potential (Ecorr) of - 0.15 V (Ag / AgClsat) was observed in the specimen polarization curve without surface 

treatment. Immediately after the corrosion potential, there is a sudden increase in the current density indicating the corrosion of 

the material. However, at -0.08 V (Ag / AgClsat) it is possible to observe a repassivation of the surface and a decrease in the 

current density by an order of magnitude. Between 0.017 V (Ag / AgClsat) and 0.48 V (Ag / AgClsat) there is a gradual 

increase in the current density attributed to a new surface corrosion process. Between 0.5 V (Ag / AgClsat) and 1.45 V (Ag / 

AgClsat) a passivation zone is observed where there is no change in the current density value. After 1.5 V (Ag / AgClsat) there is 

a sudden increase in the current density value attributed to the dissolution of passive protective layers occur in high 

overpotentials attributed to the dissolution of passive protective layers occur in high overpotentials a corrosion potential of -

0.22 V (Ag / AgClsat) (frequency of 20 Hz) and -0.32 V (Ag / AgClsat) (frequency of 35 Hz) was observed. The profile of the 

curves of the specimens in which the laser surface treatment took place, was vastly different from the untreated specimens, 

which makes clear the influence of the laser treatment on the surfaces of the metal alloys. 

For the specimens treated with 20 Hz after the corrosion potential (Ecorr), there was an activation zone between - 0.14 

V (Ag / AgClsat) and 0.49 V (Ag / AgClsat) where the current density increases slowly with the potential increase. After 0.5 V 

(Ag / AgClsat) there is an abrupt increase in the corrosion density, probably due to the dissolution of the protective oxide 

layers or attack of chloride ions on the surface. For specimens irradiated by laser beam at a frequency of 35Hz, the active zone 

was between -0.25 V (Ag / AgClsat) and 0.27 V (Ag / AgClsat), where a gradual increase in current density is observed. After 

0.29 V (Ag / AgClsat) there is an increase in current density attributed to the dissolution of oxide layers or the diffusion of 

electrolyte to the surface of the metal alloy. 

http://dx.doi.org/10.33448/rsd-v10i6.15681
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Figure 2 - Potentiodynamic polarization curves for the Ti-35Nb-7ZR-5Ta alloy in 0.9% NaCl solution, in conditions without 

surface treatment and with laser beam irradiation at 20Hz and 35Hz.  

 

Source: Survey data. 
 

3.3 Cyclic Polarization 

In Figure 3 can observed the cyclic polarization curves, obtained for the specimen Ti-35Nb-7Zr-Ta alloy with surface 

treatment to laser beam to 35Hz. For the untreated specimen, the current density in the reverse scan was higher than in the 

direct scan. This indicates an increase in the active area of the electrode due to the formation of pits during direct scanning and 

shows this specimen has a lower corrosion resistance than the others. The corrosion potential of the cyclic polarization 

measures for the untreated specimen was greater than the corrosion potential obtained in the potentiodynamic polarization, 

which can be attributed to anodic sweeping before cyclic polarization can modify the metal surface. 

For laser-treated specimens, the current density increases during the direct scan, but remains in the same order of 

magnitude in the reverse scan, which suggests corrosion products or oxides are formed and deposited on the surface blocking 

the anodic areas and points of contact. The cyclic polarization curves showed a higher repassivation potential for the laser-

treated specimens in relation to the corrosion potential. This indicates improvements in the corrosion properties of the metal 

alloy when treated with laser. There was no passivation in any of the specimen at potentials up to 2 V (Ag / AgClsat). 
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Figure 3 - Cyclic polarization curves for the Ti-35Nb-7ZR-5Ta alloy in 0.9% NaCl solution, in conditions without surface 

treatment and with laser beam irradiation at 20Hz and 35Hz. 

 

Source: Survey data. 

 

4. Discussion 

The Ti-35Nb-7Zr-5Ta quaternary metal alloy, the material of choice for this study, presents characteristics favorable 

to the requirements of a biomaterial. Aiming at this, measures of evaluation of corrosion potential by means of electrochemical 

tests in specimen without surface modification and in specimen modified by laser beam. Methods for modifying the surfaces of 

implantable biomedical devices favor the protection of the biomaterial, as well as the osseointegration process, in this case 

positively influencing aspects such as: roughness, wettability, increased surface energy, which can bring improvements in the 

cellular response. 

The dissolution process of the alloy metals is further accelerated by the presence of chloride ions in the physiological 

solution. Because of the adsorption of Cl- ions on the surface, the oxide stability decreases and the susceptibility to localized 

corrosion of the Ti-35Nb-7Zr-5Ta alloy increases.(Metikoš-Huković et al., 2003; Tanase et al., 2019) 

In the corrosion tests the specimen analyzed in the three proposed conditions showed a continuous growth of the 

oxide film layer, although the specimen in the two proposed conditions of surface treatment by means of laser beam irradiation 

have shown a similar behavior in relation to formation of the Ti oxide film and resistance to corrosion, we were able to 

evaluate the group of specimen irradiated at 35 Hz, presented better characteristics for having formed a thicker and more 

compact oxide film on the surface, which increased the potential of repassivation in relation to the corrosion potential, 

indicating better performance in terms of corrosion properties. 
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The corrosion potentials determined from the polarization curve are lower than those obtained in open circuit potential 

measurements. This is expected as the polarization test was initiated at a cathodic potential in relation to the corrosion 

potential, so the passive film on the surface was at least partially removed due to the reduction to initial potentials. 

 

5. Conclusion 

The electrochemical techniques used in this investigation led to the following conclusions: 

- Low density corrosion current was obtained for the titanium alloy tested in the 0.9% NaCl solution, showing it is a 

passive material in this electrolyte, which suggests good resistance to corrosion. 

- The presence of the oxide film formed on the surface of the alloy characterizes a protection of the material against 

the aggressiveness of the medium, preventing the degradation of this material, thus avoiding possible contamination of the 

organism by metal ions. 

- Electrochemical analyzes were presented as a powerful tool to evaluate and monitor the behavior of the β-Ti-35Nb-

7Zr-5Ta alloy, allowing to detect small variations in the behavior and corrosion resistance of passive materials, such as 

titanium alloys. 

- Corroborating with data from the literature, this work demonstrated the efficiency of laser surface modifications in β 

titanium alloys, attributing better passivation of the oxide film, which favors biomaterial protection, as well as in the 

osseointegration process. 

- The authors suggest further studies to investigate the real composition of the oxide film formed on the Ti-35Nb-7Zr-

5Ta alloy using techniques such as X-ray excited photoelectron spectroscopy (XPS), in addition to the complementary study of 

corrosion resistance by spectroscopy. electrochemical impedance (EIS), using the same parameters, as well as biocompatibility 

studies. 
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