
U.P.B. Sci. Bull., Series B, Vol. 84, Iss. 1, 2022                                                     ISSN 1454-2331 

INFLUENCE OF ALBUMIN ON THE CORROSION 

BEHAVIOR OF Ti50Zr ALLOY 

Radu NARTITA1, Daniela IONITA2 

Considering the complex process of corrosion that takes place in biological 

electrolytic solutions we have investigated the influence of albumin on the corrosion 

behavior of a titanium-zirconium alloy. The study was performed through 

electrochemical and spectroscopic analysis. Electrochemical stability was evaluated 

using potentiodynamic polarization and electrochemical impedance spectroscopy. 

The adsorption of albumin on the alloy surface was investigated 

spectrophotometrically and the concentrations of metal ions released in the solution 

were measured by inductively coupled plasma mass spectrometry. The results 

obtained indicate that albumin forms a protective layer on the surface, inhibiting the 

corrosion process. 
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1. Introduction 

Alloying Titanium (Ti) with Zirconium (Zr) leads to the formation of 

biomaterials with enhanced properties compared to the individual metallic 

constituents [1, 2]. Moreover, due to their nature, different types of nanostructures 

can be created on TiZr alloys [3]. The nanostructures created increase the surface 

roughness which can lead to improved osseointegration, better corrosion 

resistance and better overall biocompatibility [4].  

Additionally, avoiding peri-implant infections, that can lead to implant 

failure, is of utmost importance [5]. Therefore, many techniques were developed 

in the last years to obtain reduced bacterial adhesion, antibacterial or anti-

inflammatory properties and greater corrosion resistance [6–8]. 

The passive oxide layer formed naturally on some metals or alloys confers 

improved biocompatibility contributing to better corrosion resistance, but the 

native film is not very thick. However, it can be improved through various 

methods [9, 10]. Corrosion of the metallic biomaterials in the biological 

electrolytic solutions that contain both ions and biomolecules is a very complex 

process [11]. Albumin is one of the proteins found in high concentration in plasma 
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and therefore the effect resulted from the initial interaction is a key factor in 

determining the performance of the biomaterial [12].  

The mechanism of interaction varies depending on several factors, the 

albumin can either be adsorbed on the metallic surface forming a layer or it can 

form organometallic bounds with the metallic species presented at the surface. 

Other possible mechanisms include the reduction of albumin at the surface by 

redox reaction or formation of organometallic complexes in the solution, that can 

precipitate on the surface after reaching a critical concentration [13]. Considering 

these complex mechanisms it is clear that proteins can both promote and inhibit 

the corrosion of metallic alloys [14, 15]. 

In the case of titanium alloys, the protein adsorption mechanism can be 

described as an interaction between the hydroxylated surface and the negatively 

charged carboxyl groups of the proteins. However, there is not a generally 

accepted mechanism due to the large number of factors that can lead to a different 

behavior [16]. The main contributing factors to the opposed behaviors are 

represented by the bulk composition, and the surface and subsurface structure 

[17–21].  

In the in vitro studies conducted, it is shown that albumin can have either a 

negative or a positive influence on corrosion behavior [15, 22]. It is important to 

note that short term studies that highlight an improved corrosion resistance could 

have different results after extended periods [23].  

Even if the Ti50Zr alloy is considered a bioinert alloy, small quantities are 

released in the surrounding tissue and the body. The metal ions released in the 

corrosion process can pose a threat to human health [24]. Therefore, 

understanding the complex interactions that take place in contact with the body 

fluids is utterly important for designing better biomaterials. 

2. Materials and methods 

Three TiZr alloy samples with 50 wt.% Zr and 50 wt.% Ti, purchased 

from ATI Wah Chang Co. were polished with corundum (Al2O3) abrasive paper 

grit 100, 120, 180, 240, 320, 400 and 800. After polishing, the samples were 

washed with hexane, ethanol and ultrapure water. 

The corrosion behavior of the Ti50Zr samples was evaluated in simulated 

body fluid (SBF) with various concentrations of bovine serum albumin (BSA). 

The SBF was chosen because it contains phosphate ions, one of the most 

important minerals of biological hard tissues. The BSA concentrations were 

chosen based on the concentrations found in the human interstitial fluid [25]. 

Electrochemical testing was performed after immersing the samples in solutions 

for one hour. For the ICP-MS and UV/Vis analysis, the samples were placed in 

closed containers containing SBF with no albumin, with 0.5 g/L albumin and 1.0 
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g/L albumin, respectively and were kept up to 98 days. The pH of the solution 

was 7.40 at 36.5 °C. The protocol followed for SBF solution preparation was 

described by Kokubo and Takadama [26], obtaining the composition presented in 

Table 1. All the materials used were of analytical purity, BSA was provided as 

lyophilized powder (≥98%) from SigmaAldrich Inc. 
Table 1 

Chemical composition of SBF solution 

Ion Na+ K+ Mg2+ Ca2+ Cl- HCO3
- HPO4

2- SO4
2- 

Concentration 

(mM) 142.0 5.0 1.5 2.5 147.8 4.2 1.0 0.5 

 

For the determination of the metal ions concentrations was used an Agilent 

7800 Quadrupole ICP-MS instrument, equipped with an Octopole Reaction 

System (ORS) cell that was used in helium (He) collision mode to eliminate the 

polyatomic interferences. The method parameters are described in Table 2.  
 

Table 2 

ICP-MS method parameters 

RF Power 1550 W 

RF Matching 1.30 V 

S/C Temp 2°C 

Plasma Gas 15.0 L/min 

Nebulizer Gas 1.07 L/min 

Auxiliary Gas 0.90 L/min 

He Flow 4.3 L/min 

 

For the spectroscopic analysis, it was used a UV/Vis spectrophotometer 

SPECORD 200 PLUS from Analytik Jena. Electrochemical measurements were 

performed with Autolab (PGSTAT N301).  

The electrochemical corrosion tests were carried out using a conventional 

three-electrode electrochemical cell. The Ti50Zr samples were used as working 

electrode, while a Pt electrode was used as a counter electrode. As reference 

electrode was used the Ag/AgCl ([Cl-]=4M) electrode. Each electrochemical 

corrosion test was repeated at least three times.  

The potentiodynamic polarization (PDP) and electrochemical impedance 

spectroscopy (EIS) measurements have been conducted to evaluate the behavior 

of Ti50Zr in the presence of BSA and also to study the adsorption of BSA on the 

surface.  
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PDP tests were conducted in a potential range of -0.25 V vs. OCP to 1 V 

vs. Ag/AgCl with a scan rate of 0.167 mVs-1. The corrosion mechanism of the 

passive film at the film/electrolyte interface was investigated by EIS. The 

measurements were performed with the amplitude of 10 mV at OCP in the 

frequency range of 0.01 to 10,000 Hz and a sampling rate of 10 points per decade. 

Data were fitted using the software NOVA 1.6. 

3. Results and discussions 

The polarization behavior of the Ti50Zr alloy samples in the SBF 

solutions without and with albumin is presented in Fig. 1. The cathodic 

polarization behaviors of the three Ti50Zr samples were similar, meaning that the 

cathodic behavior is due to oxygen evolution. 

 

Fig. 1. Polarization plots for the three Ti50Zr alloy samples in SBF at different albumin 

concentrations  
 

The PD studies have shown that a breakdown potential was not detected 

for the Ti50Zr samples up to 1 V vs. Ag/AgCl. The electrochemical parameters: 

the corrosion potential (Ecor), and the corrosion current (Icor) are presented in table 

1. 
Table 3 

Electrochemical parameters for Ti50Zr samples in SBF solution with BSA additions 

BSA (gL-1) 
Ecor (mV vs 

Ag/AgCl) 
Icor  (µAcm-2) vcor(µmyear-1) 

0 -234 ±0.03 0.25±0.03 1.8 ± 0.3 

0.5 -249  ±0.05 0.18±0.06 0.9 + 0.2 

1 -260  ±0.02 0.12±0.05 1.4 ± 0.3 

The stability of the titanium alloys passive layer can be evaluated through 

the interaction between the outer passive layer and the solution [27]. In the case of 
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Ti50Zr, the oxide layer contains TiO, Ti2O3 and TiO2, respectively, the outer layer 

being enriched with ZrO2 [6, 28–30]. Chemisorption of water on the surface of 

TiO2 produces two types of surface hydroxyl groups [31]. Phosphate ions (H2PO4
-

, HPO4
2-) can bind to titanium ions in exchange reactions with the hydroxyl 

groups. The chemical adsorption of BSA onto the TiO2 depends on the number of 

hydroxyl groups from the surface and on the total surface energy given by the 

values of the polar components [32, 33]. From the electrochemical parameters we 

can see a decrease in the corrosion current with the increase of albumin 

concentration in SBF, after immersion in solution for one hour. This can be 

explained either by an increase in the stability of the passive film on the surface of 

the Ti50Zr alloy or by the creation of an adsorption layer due to the presence of 

BSA in solution. 

The rate of protein adsorption depends on the growth of the oxide layer, on 

the surface of titanium [34] and on the crystalline form of the TiO2 [35]. To 

investigate if the BSA formed a film on the surface in time, the concentration of 

albumin was analyzed spectrophotometrically in the solutions prepared. Firstly, 

the calibration solutions were spectrally analyzed (190 – 800 nm) to confirm the 

maximum absorbance peak (280 nm). The spectra are presented in Fig. 2. 

Secondly, a calibration curve was constructed in the range 0.01 g/L – 0.08 g/L at 

280 nm, which is presented in Fig. 3.  

 

Fig. 2. Spectra of albumin solutions (0.01 g/L – 0.08 g/L) 
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Fig. 3. Albumin calibration curve (0.01 g/L – 0.08 g/L) 

 

The calibration curves of Ti and Zr for the ICP-MS determination were 

constructed in the range 0.1 ppb – 5.0 ppb and their graphical representation is 

presented in Fig. 4. 
 

 
Fig. 4. Calibration curve for Ti and Zr (0.1 ppb - 5.0 ppb) 

The SBF solutions with their corresponding concentration of albumin in 

which the Ti50Zr samples were placed, were analyzed starting after the first 4h of 

immersion each day for an initial period of 28 days, after which the samples were 

analyzed at longer intervals up to 98 days. The concentration of both Ti and Zr 

were in the range of parts per billion (ppb).  

The spectrophotometric analysis was performed only in the last stage to 

see if adsorption took place on the metal surface. The results obtained are 

presented in Table 4. 

After the first 4h from immersion, Ti concentration was around 4 ppb in 

all three solutions, decreasing slightly along with the increase in albumin 
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concentration. Zr concentration, compared with Ti, was 10 times lower in the 

solution with no albumin and 20 times lower in the solution with 0.5 g/L albumin, 

while in the solution with 1.0 g/L albumin, Zr was not detected. This trend has 

been observed throughout the entire period. The albumin concentration in 

solutions was determined starting with day 77. In both solutions that contained 

albumin was detected a smaller concentration than the initial one, which was 

observed to continuously decrease in time, indicating adsorption on the alloy 

surface. From the combined ICP-MS and UV/Vis analysis it is suggested that 

albumin has been adsorbed on the Ti50Zr surface and that it acts as a barrier by 

inhibiting the corrosion process. 
Table 4 

Results obtained 

Day Ti50Zr without albumin Ti50Zr – 0.5 g/L albumin Ti50Zr – 1.0 g/L albumin 

 Ti (ppb) Zr (ppb) 
Albumin 

(g/L) 
Ti (ppb) Zr (ppb) 

Albumin 

(g/L) 
Ti (ppb) Zr (ppb) 

Albumin 

(g/L) 

1 (4h) 4.5 ± 0.54 
0.4 ± 
0.03 

- 4.2 ± 0.50 0.2 ± 0.02 - 3.5 ± 0.42 - - 

7 4.5 ± 0.54 
0.5 ± 

0.04 
- 4.8 ± 0.58 0.2 ±0.02 - 3.8 ± 0.46 - - 

14 4.5 ± 0.54 
0.5 ± 
0.04 

- 4.8 ± 0.58 0.2 ±0.02 - 4.0 ± 0.48 - - 

28 5.9 ± 0.71 
0.5 ± 

0.04 
- 5.4 ± 0.65 0.2 ±0.02 - 4.3 ± 0.52 - - 

56 8.2 ± 0.98 
0.5 ± 
0.04 

- 5.9 ± 0.71 0.2 ±0.02 - 4.5 ± 0.54 - - 

77 13.1 ± 1.57 
0.5 ± 

0.04 
- 12.3 ± 1.48 0.2 ±0.02 0.45 ± 0.02 7.4 ±0.89 - 

0.87 ± 

0.03 

84 13.2 ± 1.58 
0.5 ± 
0.04 

- 12.5 ± 1.50 0.2 ±0.02 0.31 ± 0.01 7.8 ± 0.94 0.1 ± 0.01 
0.83 ± 
0.03 

91 14.5 ± 1.74 
0.7 ± 

0.06 
- 13.5 ± 1.62 0.2 ±0.02 0.29 ± 0.01 7.8 ± 0.94 0.1 ± 0.01 

0.79 ± 

0.03 

98 14.6 ± 1.75 
0.8 ± 

0.06 
- 14.2 ± 1.70 0.2 ±0.02 0.23 ± 0.01 7.9 ± 0.95 0.2 ± 0.02 

0.75 ± 

0.03 

 

The Bode diagrams for the Ti50Zr alloy samples in SBF solutions 

containing different amounts of BSA concentrations at 37 °C are presented in Fig. 

5. The absolute impedance data was independent of frequency from 104 down to 

103 Hz. This frequency range showed a resistive behavior corresponding to the 

solution resistance between the working and the reference electrode. 
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Fig. 5. Bode diagrams of the three Ti50Zr alloy samples after 1 hour of immersion at  

open circuit potential with various BSA amount 

 

In the frequency range of 100 to 0.1Hz the phase angle value reached the 

maximum value around 800.  In this frequency range, the phase angle values were 

independent of frequency while the absolute impedance values were increasing 

indicating a passive behavior of Ti50Zr samples. In the frequency range of 0.1 to 

0.01Hz the absolute impedance increased, and the phase angle shifted to lower 

values. The presence of BSA in the SBF solution leads to decrease in absolute 

impedance magnitude. In Fig. 6 is shown a typical Nyquist diagram for the 

Ti50Zr alloy samples in SBF solutions containing different BSA concentrations at 

37°C. 

 
Fig. 6. Nyquist diagrams of the three Ti50Zr alloy samples after 1 hour of immersion at 

OCP in with BSA 
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The Nyquist curves showed a one-time constant. The proposed equivalent 

circuit used for fitting the experimental results presented in Fig. 7, is widely used 

for Ti alloys [36]. In this circuit, Rs is the solution resistance between the working 

and the reference electrode and Rb and CPE are the resistance and capacitance of 

the barrier layer. For the mathematical analysis of impedance diagrams, a constant 

phase element (CPE) is used instead of a pure capacitor to consider the non-

uniform current distribution due to surface roughness and non-homogeneities 

related to BSA adsorption [37]. 

The impedance of CPE is described by the following formula: 

 

The exponent nc is a coefficient related to the deviation between real 

capacitance and pure capacitance, Y0 is the general admittance function, and ω 

represents the angular frequency. The magnitude of the electrical circuit 

parameters was simulated by ZSimpWin software. All impedance parameters are 

shown in Table 5. The fitting quality was evaluated by chi-squared (χ2). The 

values obtained were less than 4×10-3, indicating a satisfactory fit. 

 
Fig. 7. Proposed electrical circuits for the Ti50Zr alloy samples after one hour immersion in SBF 

solutions with various BSA concentrations 
Table 5 

Electrochemical parameters of the equivalent circuits obtained for the three Ti50Zr 

alloy samples after one hour immersion in SBF solutions with various BSA concentrations 

samples Rs[Ωcm2] Rp[kΩcm2] Y0[µΩ-1Sncm-2] nc χ2×10-4 

Ti50Zr/SBF+0.0gL-1BSA 8.6 160.6 90.8 0.96 4.28 

Ti50Zr/SBF+0.5gL-1BSA 12.2 280.5 32.9 0.92 8.25 

Ti50Zr/SBF+1.0gL-1BSA 14.1 272.4 39.4 0.88 3.88 

The results obtained by the EIS show an increase in polarization 

resistance. This means an increased thickness of the barrier layer resulted from the 

addition of BSA. 
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4. Conclusions 

From the combined experimental data, we have observed that the addition 

of BSA in SBF led to the formation of a thicker outside layer, which most likely 

formed through the adsorption of BSA on the naturally occurring oxide layer of 

the Ti50Zr alloys used. Moreover, an increase in the stability of the passive film 

was observed that also translated into lower concentrations of metal ions released 

in the solutions analyzed, indicating that the layer formed acts as a barrier 

inhibiting corrosion. Although the “in vivo” conditions are arduous to mimic, the 

results obtained indicate furthermore that the Ti50Zr alloy is a promising 

biomaterial. 
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