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Abstract 
The electrochemical behaviour of three duplex stainless steels, (SAF 2101, SAF 
2304, SAF 2205) was investigated. Open circuit potential, EOC, measurements, 
and electrochemical impedance spectroscopy (EIS) were employed both in 
phosphate-buffered saline solution (PBS, pH = 7.2) and in PBS simulating in 
vitro inflammatory conditions (PBS + H2O2, pH = 5.0). It has been established 
that the tendency of the investigated steel materials towards corrosion de-
creases in the following order: SAF 2101 < SAF 2304 < SAF 2205 in both ag-
gressive environments. The superior corrosion resistance exhibited by SAF 
2205 is ascribed to the formation of a passive film with enhanced protective 
effectiveness than the one formed on SAF 2101 and SAF 2304, and this im-
provement is ascribed to a synergistic effect of Mo + N owing to the high mo-
lybdenum content in the alloy. 
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1. Introduction 

Owing to its low cost and ease of formability in combination with adequate me-
chanical properties and relatively high corrosion resistance, AISI 316L stainless 
steel is one of the most commercially available biomaterials for orthopedic and 
dental implant manufacturing [1]-[3]. However, 316L can be susceptible to some 
forms of localized corrosion such as pitting and crevice corrosion depending on 
the environment. Body fluids represent a significantly aggressive media to the me-
tallic materials, and interactions between metallic implants and the surrounding 
tissue have high importance. Despite the chemical composition of body fluids is 
quite complex, the three most significant parameters regarding their corrosiveness 
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are the presence of chloride ions, the concentration of the dissolved oxygen and 
pH levels. Most body fluids have a pH of 7.4, a temperature around 37˚C and a 
chloride concentration of around 0.9% NaCl. According to these parameters, 
body fluids appear to be slightly less aggressive than seawater [2]. Moreover, im-
mediately after implantation, an inflammatory reaction can occur in response to 
the presence of the device. In such a case, fibrin and chloride ions surround the 
metallic biomaterial, with a consequent decrease in the local pH [4]. Acidification 
has a detrimental effect on the stability of the passive regime [5] [6]. Due to the 
relatively high nickel content (usually 10%) in the composition of AISI 316L, im-
plant dissolution and subsequent release of metallic ions in the tissue can cause 
adverse, toxic, or carcinogenic reactions and high biological risks for the patients 
[1]-[3]. 

Duplex stainless steels (DSS) have a structure consisting of approximately equal 
amounts of ferrite and austenite and are characterized by high mechanical 
strength, excellent corrosion resistance, and good weldability, which led to their 
widespread use in oil, chemistry, petrochemical, and food industries and occa-
sionally in the medical industry [7]. DSS have high localized corrosion resistance 
which can be compared with the titanium alloys, due to its passive surface film, 
which is a consequence of the high percentage of chromium in the alloy, enhanced 
by the synergistic effect of alloying elements such as nitrogen and molybdenum. 
Results in several published papers dealing with the use of DSS in orthopedics and 
orthodontic applications, including in vitro and in vivo studies, have shown sim-
ilar biocompatibility with AISI 316L [8]-[10]. The replacement of AISI 316L with 
DSS in orthodontic treatments reduces costs and nickel hypersensitivity in pa-
tients [10]. 

With the aim of assessing the potential use of DSS as a biomaterial, the present 
work investigates the corrosion behaviour of three duplex stainless steels (SAF 
2101, SAF 2304, SAF 2205), characterized by a lower Ni content compared to AISI 
316L, during exposure to phosphate-buffer physiological solution (PBS) and PBS 
containing H2O2 (titrated to pH = 5.0) simulating in vitro inflammatory condi-
tions. The study was carried out using open circuit potential and electrochemical 
impedance spectroscopy techniques.  

2. Experimental Details 

Table 1. Chemical composition (wt.%) of investigated duplex stainless steels. 

Alloys Cr Ni Mn Si C Mo N 

SAF 2101 21.13 1.19 5.72 0.29 0.027 0.30 0.21 

SAF 2205 22.21 5.45 1.52 0.33 0.013 3.10 0.18 

SAF 2304 22.92 4.20 1.45 0.21 0.011 0.30 0.10 

 
Electrochemical measurements were performed on three different duplex stain-

less steels (SAF 2101, SAF 2304, SAF 2205, supplied by Outokumpu) with the 
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chemical compositions (wt.%) reported in Table 1.  
The test specimens were cut into discs of 15 mm diameter. The samples were 

ground with a sequence of 400 - 4000 grit emery paper and subsequently polished 
with alumina suspension to attain mirror-appearance, washed with Milli-Q de-
ionized water (18.2 MΩ), ultrasonically cleaned and degreased in ethanol, and 
dried in air. Test specimens were embedded in a Teflon PAR holder and employed 
as the working electrode (WE). The reference electrode (RE) was a saturated cal-
omel electrode (SCE, 0.242 V vs. SHE) and the counter electrode (CE) was a large 
platinum sheet. All the potentials described in the text are relative to the SCE, 
unless stated differently. A three-electrode flat KO2354 PAR corrosion cell (vol-
ume 0.25 L) was used and the test specimen employed as a WE was exposed to the 
aggressive environment with an area of 1 cm2. Electrochemical measurements 
were performed for all specimens in two different aggressive environments: 

1) phosphate-buffer saline solution (PBS: 8.0 g/L NaCl, 0.2 g/L KCl, 1.42 g/L 
Na2HPO4, 0.24 g/L KH2PO4, pH = 7.2 to simulate normal physiological condi-
tions). 

2) 150 mM H2O2 solution in PBS titrated to pH = 5.0 with HCl, to simulate 
inflammatory conditions [11] [12].   

The aggressive media were naturally aerated and the experiments were con-
ducted without stirring. The temperature was maintained at 37 ± 1˚C using a ther-
mostatic bath. Electrochemical measurements were performed using a conven-
tional three-electrode glass cell with a large platinum sheet and a saturated calo-
mel electrode (SCE) serving as the counter and the reference electrodes, respec-
tively.  

Open circuit potential, EOC, was measured with respect to the SCE every 60 s 
for a period of 2 h.  

Electrochemical impedance spectroscopy (EIS) measurements were carried out 
at open circuit potential using an EG&G PAR system Model 2263 driven by a 
computer. The impedance spectra were acquired in the frequency range from 100 
kHz to 10 mHz with a perturbation signal of 10 mV at seven points per decade. 
EIS plots were obtained after 2 h exposure to the test solution. Experimental data 
were stored in the computer and processed according to the EQUIVCRT program 
(B. A. Boukamp, University of Twente).  

3. Results 
3.1. PBS Solution 

Figure 1 reports the open circuit potential, EOC, variations vs. exposure time of the 
test samples in PBS for a period of 2 h. The EOC is a characteristic value for each 
individual electrochemical system and arises as a result of structural changes that 
occur due to the anodic and cathodic reactions at the electrode/solution phase 
boundary [1]. The time profiles of EOC obtained for the DSS under study are quite 
similar. As can be seen, the open circuit potential changes quickly towards more 
positive values during the first 1000 seconds. After that, EOC changes more slowly 
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until it reaches a quasi-stationary value at 1 h, not changing significantly after that. 
This fact indicates that all the test samples undergo spontaneous passivation due 
to the formation of an oxide film passivating the metallic surface, in the PBS so-
lution. The initial increase of EOC is related to the thickening of the oxide film im-
proving its corrosion protection ability [13] [14]. On the other hand, the observed 
stabilization of EOC is ascribed to the reaching of the passive film limiting protec-
tive capacity [15]. The established EOC value depends on the chemical composition 
of the DSS and after 2 h exposure to PBS solution is: 14.23 mV for SAF 2101, 63.90 
mV for SAF 2304, and 114.65 mV for SAF 2205.  

 

 
Figure 1. Corrosion potential vs. time profile for the investigated 
duplex stainless steels after 2 h exposure to PBS solution, pH = 7.4. 

 

 
Figure 2. Representative Nyquist diagrams of duplex stainless 
steels after 2 h exposure to PBS solution, pH = 7.4. 

 
The established EOC value represents the balance between the formation and 

dissolution of the oxide film on the sample surface during the exposure time to 
the aggressive environment [1] [16]. Therefore, SAF 2205 with the highest EOC 
value is the most stable material under spontaneous corrosion conditions. Similar 
behavior was observed for steel alloy both in PBS solution and in other corrosive 
environments of the human body [17]. 
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Figure 2 displays the EIS spectra, in the form of Nyquist diagrams, of the three 
duplex stainless steels at open circuit potential, after 2 h exposure to PBS at 37˚C. 
All Nyquist diagrams present depressed and incomplete capacitive semicircles, the 
highest impedance values being measured for SAF 2205 suggesting a highly stable 
passive film on this alloy in the test environment.  

The impedance spectra obtained have been interpreted in terms of an equiva-
lent circuit, with the circuit elements representing electrochemical properties of 
the alloy and its surface oxide film. Figure 3 reports the equivalent circuit em-
ployed for fitting the spectra obtained for the investigated materials. This model 
is commonly proposed to mimic passive film with a duplex nature formed on 
stainless steels in simulated physiological environments [1] [18] [19]. It is known 
that that the oxide film grown at the surface of stainless steels presents a two-layer 
structure and consists of an inner compact film, i.e., barrier film, and an outer 
porous film. Generally, the inner barrier layer exhibits a very high impedance, 
while the outer porous layer shows a significantly lower impedance [18] [20]-[22].  

 

 
Figure 3. Equivalent electrical circuit model used 
for the interpretation of impedance spectra. 

 
The equivalent circuit reported in Figure 3 consists of the electrolyte resistance, 

Rs, connected in series with two time constants: Rs (Qp Rp) (Qb Rb). The first time 
constant, (Qp Rp), describes the properties of the outer part of the oxide film, 
where Rp and Qp represent the resistance and capacitance, respectively, of the po-
rous layer with the electrolyte inside the pores. The second time constant, (Qb Rb), 
describes the properties of the compact, inner part of the oxide film, where Rb and 
Qb represent the resistance and capacitance, respectively, of the barrier layer.  

A constant phase element, CPE, was used for fitting the impedance spectra in-
stead of a pure capacitance owing to the non-ideal capacitive response due to the 
distributed relaxation feature of the oxide film. The impedance of the CPE is given 
by: 

( )
1

CPE 0
nZ Y j ω

−
 =                         (1) 

Where Y0 is a constant, is the angular frequency and 1 ≤ n ≤ 1. The value of n 
seems to be associated with the non-uniform distribution of current as a result of 
roughness and surface defects [23].  

Analysis of the EIS spectra in terms of the equivalent circuit shown in Figure 3 
allows the parameters Qp, Qb and Rp, Rb to be determined, and their values are 
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reported in Table 2. The agreement between experimental and simulated data in-
dicates that the experimental impedance spectra are well fitted to the proposed 
equivalent circuit. The fitting quality was evaluated by chi-squared (χ2) values of 
about 10−4, with a relative error less than 5%. On the Nyquist plots in Figure 2, 
the experimental data are shown as individual points, while the fitted spectra are 
presented as continuous lines. 

 
Table 2. Electrical parameters of equivalent circuit obtained by fitting the experimental 
results of EIS for investigated DSS in PBS solution at 37˚C. 

Alloy 
Qp × 106 

(Ω−1·sn·cm−2) 
np 

Rp 

(Ω·cm2) 
Qb × 106 

(Ω−1·sn·cm−2) nb 
Rb 

(Ω·cm2) 

SAF 2101 130.87 0.94 1.54 ⋅ 103 254.12 0.96 1.71 ⋅ 105 

SAF 2205 93.05 0.96 4.68 ⋅ 103 196.77 0.98 9.69 ⋅ 105 

SAF 2304 112.26 0.95 2.75 ⋅ 103 226.33 0.97 3.02 ⋅ 105 

 
Generally, the results reveal that the layer resistances of the passive film, Rp and 

Rb, are always in the order of kΩ·cm2. However, for all steel samples, the resistance 
of the inner barrier layer, Rb, is significantly higher than the resistance of the outer 
porous layer, Rp. Moreover, the capacitance of the inner barrier layer (nb ≈ 1, Qb ≈ 
Cb) in all investigated materials is higher than the capacitance of the outer porous 
layer (np ≈ 1, Qp ≈ Cp).   

By considering the oxide film to act as a parallel plate dielectric, the passive 
layer thickness can be calculated according to [24]: 

1
0 dC Aεε −=                          (2) 

Where ε is the dielectric constant of the oxide, ε0 the vacuum permittivity, A the 
geometric area and d is the thickness. Since the capacitance, C values can be ex-
tracted from the CPE parameter, Q using [25]:  

( )1/1 
nn

p p pC R Q−=                       (3) 

( )1/1 
nn

b b bC R Q−=                       (4) 

The thickness of the oxide film formed on the studied stainless steels can be 
estimated. To that end, ε = 15.6 is assumed, which is the value for the oxide film 
formed on austenitic stainless steels [19] [22]. This value is reasonable because the 
dielectric constants of oxides formed on stainless steels are between 10 and 20 
[26]. The thickness of the passive film grown on the investigated materials during 
exposure to PBS is reported in Table 3. Despite the thickness of the inner barrier 
and outer porous layers is in the order of magnitude nm, all steel samples exhibit 
an inner barrier layer significantly thinner than the outer porous layer. Based on 
the above results, the corrosion of tested duplex stainless steels is mainly pre-
vented by a thin compact barrier layer of high resistance.  

As can be seen in Table 2 and Table 3, the resistance of the barrier and porous 
part of the passive film increases in order: SAF 2101 < SAF 2304 < SAF 2205. In 
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the same order, the thickness of oxide films increases, i.e., the corresponding ca-
pacities decrease, which indicates better protective properties of the surface film 
on 2205 DSS compared to other alloys.  

 
Table 3. Barrier and porous layer thickness estimated from EIS results for investigated DSS 
in PBS solution at 37˚C. 

Alloy db (nm) dp (nm) 

SAF 2101 5.08 11.29 

SAF 2205 7.12 14.20 

SAF 2304 6.33 12.55 

3.2. PBS Solution + 150 mM H2O2 

After implantation, an inflammatory reaction is initiated both in response to the 
invasive procedure and the physical presence of the device as a foreign body. This 
reaction results in the production of reactive oxygen species by macrophages, neu-
trophils and other inflammatory response cells [27], which enzymes in the body 
quickly destroy by catalyzing their conversion to hydrogen peroxide (H2O2) [28]. 
In addition to the local increased concentration of H2O2, neutrophils produce lac-
tic acid leading to an acidic pH in the immediate implant environment. In order 
to simulate an inflammatory response, DSS specimens were immersed in a PBS 
solution titrated to pH = 5.0 with 150 mM H2O2. This environment exposes the 
investigated alloys to aggressive corrosive conditions compared to the specimens 
tested under normal physiological conditions where the initial pH of PBS was 
measured to be 7.2. 

 

 
Figure 4. Corrosion potential vs. time profile for the investigated du-
plex stainless steels after 2 h exposure to PBS + H2O2 solution, pH = 5.0. 

 
Figure 4 reports the evolution of the open-circuit potential, EOC, of the investi-

gated DSS as a function of exposure time to PBS containing 150 mM H2O2, pH = 
5.0. As can be seen, at initial time points the inflammatory conditions shift EOC to 
more positive values when compared to the normal conditions (Figure 1). After 
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that, the open-circuit potential changes towards more negative values over expo-
sure time to the aggressive environment, suggesting dissolution of the oxide film 
and surface activation of the alloys. According to the Nernst equation, it is likely 
the acidic pH under inflammatory conditions contributes to the positive shift of 
EOC observed at early time points of exposure. This observation is consistent with 
others who have reported electro-positive shift in 316L austenitic stainless steel 
when exposed to acidic solutions [4] [11] [29]. Likewise, the presence of H2O2 
provides an additional species to be reduced in the electrolyte, further contrib-
uting to the positive values of EOC measured at initial exposure times. Electro-pos-
itive shift in 316L EOC when immersed in solutions containing H2O2 has also been 
previously reported [29] [30].   

As reported in Figure 4, the open circuit potential of SAF 2205 stabilizes at less 
negative values compared to the other alloys. As a matter of fact, the value of EOC 
after 2 h exposure to the aggressive environment is: −99.52 mV for SAF 2101, 
−43.32 mV for SAF 2304, and 16.13 mV for SAF 2205. 

 

 
(a) 

 
(b) 

Figure 5. Representative Nyquist diagrams of duplex stainless 
steels after 2 h exposure to PBS + H2O2 solution, pH = 5.0. 
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Table 4. Electrical parameters of equivalent circuit obtained by fitting the experimental 
results of EIS for investigated DSS in PBS + 150 mM H2O2, pH = 5.0, at 37˚C. 

Alloy 
Qp × 106 

(Ω−1·sn·cm−2) 
np 

Rp 

(Ω·cm2) 
Qb × 106 

(Ω−1·sn·cm−2) 
nb 

Rb 

(Ω·cm2) 

SAF 2101 155.37 0.92 2.06 × 102 277.49 0.94 2.84 × 103 

SAF 2205 101.58 0.94 3.17 × 103 215.24 0.96 8.45 × 105 

SAF 2304 129.41 0.93 4.03 × 102 248.63 0.95 3.97 × 103 

 
This behaviour would indicate higher stability of the oxide film and conse-

quently lower surface activation of 2205 alloy with respect to the other investi-
gated materials. 

In order to verify the results of EOC measurements, EIS investigation was carried 
out. Figure 5 presents the impedance measurements traced over the frequency 
domain 0.01 Hz - 100 kHz at the stabilized EOC after 2 h immersion, as Nyquist 
plots in PBS containing 150 mM H2O2, pH = 5.0. In this case, differences can be 
observed between the spectra which vary significantly between the tested materi-
als. As a matter of fact, two different situations can be distinguished: 2101 and 
2304 DSS exhibit lower impedance values with respect to the PBS alone; con-
versely, SAF 2205 show an impedance value similar to that obtained in PBS thus 
confirming better corrosion resistance of this alloy, in accordance with the study 
using open circuit potential measurements. The EIS spectra measured for the DSS 
under study could be satisfactorily fitted with the two-layer model reported in 
Figure 3. The fitting quality was evaluated by the chi-squared values, which were 
in the order of 10−4. The values of fitted parameters of the equivalent circuit are 
listed in Table 4. As can be seen, SAF 2101 and SAF 2304 DSS display significantly 
lower Rb values, almost two order of magnitude smaller, compared to those ob-
tained in PBS alone, indicating a thinning of the oxide passive film and, conse-
quently, a remarkable decrease of corrosion resistance. Conversely, the Rb value 
of SAF 2205 is of the same order of magnitude as determined in PBS, suggesting 
that the passive film formed at the surface of this alloy is still able to protect the 
underlying metallic matrix even in a more aggressive environment such as PBS 
containing 150 mM H2O2, pH = 5.0. 

4. Discussion 

Since corrosion resistance of stainless steels is proportional to the content of al-
loying elements that enhance passive film stability and the absence of those that 
reduce it, the chemical composition plays a very important role in determining 
the stability and thickness of the passive film which forms at the surface of DSS 
under study (Table 1). Elements that enable passivation of the steel will enhance 
the protective properties of the oxide film (higher resistance and thickness, more 
compact structure).  

It is well established that the passive film is described as a mixed oxyhydroxide 
layer composed mainly of chromium and iron, typically 1 - 3 nm thick. Chromium 
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and iron are usually found in their trivalent states, preferentially in the inner and 
outer parts of the passive film, respectively. For a sufficient chromium content in 
the alloy, preferential chromium oxidation and/or preferential iron dissolution in 
acidic media leads to a significant Cr (III) enrichment in the oxide layer, confer-
ring to the passive film its protective nature [31]. The characteristic of the passive 
film as well as of the underlying metal strongly depends on the composition of the 
alloy. For Ni-bearing austenitic and duplex stainless steels, the selective oxidation 
of iron and chromium leads to a very low and often non-detectable amount of 
oxidized nickel in the passive film, while metallic nickel is enriched in the under-
lying metal [32]. For Mo-bearing ferritic, austenitic and duplex stainless steels, a 
small amount of oxidized molybdenum is detected. Mo (VI) is reported to be en-
riched in the surface region, while Mo (IV) distribution through the passive film 
is more homogeneous [33]. Nitrogen added to austenitic and duplex stainless 
steels can be enriched by anodic segregation during passivation, leading to the 
formation of a mixed-nitride phase either at the metal/oxide interface or incorpo-
rated in the passive film [34]. 

Moreover, it has been reported that the concurrent presence of nitrogen and a 
suitable molybdenum content in the alloy significantly increases the corrosion re-
sistance of stainless steels because the passive film is more resistant to attack by 
aggressive ions due to the a synergistic effect of these elements [35]-[37]. The ex-
planation for the mechanism behind can be generally summarized as follows: 

a) optimizing the components of passive film: Kim [38] proposed that the con-
tent of corrosion resistant Cr2O3 in the passive film is improved after combined 
addition of N and Mo, which enhances the protection ability of passive film. 

b) mutual promotion between 3 4NH NH+  and 2
4MoO − : Olsson [39] found 

that the 4NH+  content at the surface of Mo-bearing duplex stainless steel is higher 
than that of Mo-free austenite, indicating that 2

4MoO −  can promote the formation 
of 4NH+ . Loable et al. [40] proposed an interesting assumption that NH3 and 

4NH+  in the passive film may in turn assist the formation of 2
4MoO − , which is an 

effective corrosion-inhibiting anion. 
c) forming mixed nitride with high stability: Willenbruch, Clayton et al. [41] 

[42] proposed that for the N-bearing and Mo-bearing stainless steel, there would 
be mixed metal nitride of Ni and Mo (Ni2Mo3N) locating at the interface between 
matrix and passive film. Ni2Mo3N is more stable than Ni3N and Mo2N, thereby 
providing better protection for the steel matrix. 

Based on the ideas presented, the influential role of Cr, Mo and N as active 
partners in forming a more stable passive film at the steel surface with good anti-
corrosive properties can be readily perceived by comparing the Rb values. As pre-
viously reported, the inner barrier layer resistance tends to be lower in PBS + H2O2 
than in PBS, however Rb falls to very low values for SAF 2101 and SAF 2304 while 
SAF 2205 shows a Rb value over two orders of magnitude higher. The present re-
sults indicate that the surface oxide layer formed on SAF 2205 exhibits a higher 
degree of passivation and stability than the oxide film presents at the surface of 
SAF 2101 and SAF 2304 in both aggressive environments. Since the DSS under 
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investigation have comparable Cr contents (Table 1), the observed behaviour can 
be ascribed to a strengthening of the passive layer due to the synergetic effect of 
nitrogen and high content molybdenum (3.10%). 

The enhanced protective properties of passive film present at the surface of SAF 
2205, highlighted by the larger Rb values with respect to the other alloys, pointing 
out its higher corrosion resistance in solutions simulating the normal physiologi-
cal environment or an inflammatory environment, in agreement with the results 
obtained from open‐circuit potential measurements (Figure 1).  

Further studies about properties investigation and surface analyses of SAF 2205 
are planned aiming to a deeper understanding of the protective behavior of its 
passive oxide film. Besides, Tsai et al. [43] have reported the galvanic corrosion of 
DSS in aggressive environments, i.e., in mixed H2SO4/HCl and HNO3 solutions, 
due to the difference in the chemical composition between the ferritic and the 
austenitic phases. The galvanic corrosion of SAF 2205 was not considered in the 
present study; however, it is an interesting topic for future investigations, to assess 
the potential risk of galvanic corrosion between the ferrite and the austenite 
phases of SAF 2205 with respect to orthodontic or orthopedic applications. 

5. Conclusions 

The electrochemical corrosion behaviour of three duplex stainless steels, SAF 
2101, SAF 2304, SAF 2205, has been characterized in PBS solution (pH = 7.2) and 
in PBS simulating in vitro inflammatory conditions (PBS + H2O2, pH = 5.0) in 
order to investigate their potential use as biomaterials. The alloys were tested by 2 
h open-circuit potential, EOC, and electrochemical impedance spectroscopy (EIS) 
measurements.  

EOC measurements performed in PBS solution indicated that all DSS undergo 
spontaneous passivation due to spontaneously formed oxide film passivating the 
metallic surface. However, SAF 2205 presents higher EOC values, indicating that 
its passive film seems to exhibit better corrosion protection characteristics than 
the one formed on SAF 2101 and SAF 2304. 

In simulated inflammatory conditions, EOC measurements show active behav-
iour in all the investigated alloys. However, a significant increase in stability of the 
passive oxide layer and consequently a decrease in surface activation is observed 
for SAF 2205.  

The observed behaviour is confirmed by EIS measurements. In fact, SAF 2205 
exhibits higher impedance values as compared with the other alloys, especially in 
PBS simulating in vitro inflammatory conditions. 

The overall electrochemical data indicate a positive influence of alloy chemical 
composition on the corrosion behaviour of SAF 2205. The better corrosion re-
sistance can be ascribed to a strengthening of the passive oxide film due to the 
simultaneous presence of nitrogen and high content molybdenum, thus enhanc-
ing its protective capability owing to the synergistic effect of these elements.  

The corrosion characteristics of SAF 2205 suggest its suitability for orthodontic 
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or orthopedic applications, because the electrochemical stability of this alloy is 
directly associated with biocompatibility. 
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