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We report on cyclic voltammetry and in situ electrochemical atomic force microscopy (EC-AFM) studies
of localized corrosion of duplex 2205 stainless steel (DSS 2205) and austenitic stainless steel of the type
AISI 316L in two model solutions, including artificial saliva (AS) and a simulated physiological solution
known as - Hank'’s solution (PS). The AFM topography analysis illustrated the higher corrosion resistance
of DSS 2205 steel for the chosen range of electrochemical potentials that were applied to the steel surface
in both solutions. In contrast, pitting corrosion was observed at the surface of AISI 316L steel, with the
pits becoming more evident, larger and deeper, when the sample was electrochemically treated in the PS.
On both surfaces the growth of corrosion products formed during the oxidation process was observed.
As a result, depending on the sample’s metallurgical structure, different types of oxides covered the
surface close to the breakdown potential. We distinguished between the square-like type of oxides on the
surface of the DSS 2205, and the AISI 316L with its ellipse-like oxide deposits. The X-ray photoelectron
spectroscopy (XPS) revealed the chemical composition of the deposition products, which consisted of
two main elements, Fe and Cr. However, the oxides of the alloying elements Ni and Mo were negligible
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compared to the bulk.
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1. Introduction

Austenitic stainless steel of the type AISI 316L is known as
the most commonly used orthopaedic and orthodontic bracket
material because of its favourable mechanical properties, such as
high tensile strength, and relatively good corrosion resistance in
various aqueous environments [1]. However, it is regularly chal-
lenged by the aggressive environment in the human body, as
it is highly susceptible to localized corrosion in environments
containing chloride [2]. Therefore, austenitic stainless steels are
currently often replaced with duplex stainless steels. The combi-
nation of the two phases, delta-ferritic and austenite phases, in
its metallurgical structure gives this material its unique mechan-
ical properties. In addition to high strength, these steels also
exhibit improved corrosion characteristics in chloride-rich media
due to the high Cr content in combination with Mo and Ni
[3]. Chromium adds to the overall resistance through a passiva-
tion process by forming a complex spinel-type passive film (Fe,
Ni)O(Fe, Cr);03. Molybdenum, however, increases the stability of
the passive film and, therefore, the ability of the stainless steel
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to resist the localized corrosion, including pitting and crevice
corrosion, particularly in environments containing chloride ions
[3-10].

The corrosion behaviour of stainless steels in simulated physio-
logical conditions has been studied by various authors employing
different techniques [11-13]. Kocijan et al. [11] studied the cor-
rosion behaviour of AISI 316L under both open circuit potentials
and potentiostatic conditions. The concentration of the dissolved
corrosion products in the form of released ions was deter-
mined by differential pulse polarography and inductively coupled
plasma atomic emission spectrometry. The composition of the
solid corrosion products formed on the surface was analyzed by
energy-dispersive X-ray spectroscopy (EDS) and their morphol-
ogy was investigated with scanning electron microscopy (SEM).
The addition of complexing agents to the physiological solution
increased the dissolution of the investigated material. Burstein and
Liu [12] reported on pitting corrosion with AISI 316L in the pres-
ence of bovine serum. The experiments involved measurements of
the current transients generated on microelectrodes under poten-
tiostatic control below the pitting potential. Shahryari et al. [13]
demonstrated that the electrochemical cyclic potentiodynamic
polarization (CPP) of a biomedical grade 316LVM stainless-steel
surface is a very efficient passivation method that can be used
to significantly improve the general corrosion resistance of the
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material and thus its biocompatibility. An increased thickness of the
CPP-formed passive film and its enrichment with Cr(VI) and oxy-
gen were determined to be the origin of the generally increased
corrosion resistance of the material. A few authors studied the
influence of chloride solutions on the corrosion properties of both
AISI 316L and 2205 duplex stainless steel (DSS 2205) [8]. Elec-
trochemical testing of the two steels in a 0.9% (w/w) chloride
solution indicated that the DSS 2205 had a wider passivation range
than the AISI 316L [8]. Torres et al. [14] investigated DSS 2205
in a chloride solution after various heat treatments. Using the
potentiostatic polarization method, each heat-treated sample was
corrosion tested in a 0.9% (w/w) NaCl solution at 37°C to esti-
mate its corrosion rate. The results showed that the simulated
sensitisation had an adverse influence on the corrosion resistance,
indicating that the corrosion rate increased with increasing sensi-
tisation temperatures. Souto et al. [3] studied the passivation and
the resistance to pitting corrosion of duplex stainless steel DIN
17006 (21%Cr-7%Ni-2%Mo-2%Mn-1%Cu) in neutral and alkaline
buffered solutions, with and without chloride ions. They showed
that the presence of NaCl enhanced the metal’s electrodissolution
through the passive layer due to the presence of Cr and Ni in the
alloy.

There is, however, only a limited number of atomic force
microscopy (AFM)-based corrosion studies performed in situ in
model solutions under electrochemical potentiostatic control. In
addition to other methods, AFM results provide an independent
source for understanding the local corrosion phenomena and can
also be used for the prediction of local corrosion sites. Veleva
et al. [15] studied the growth of passive layers on AISI 316L in
a solution that simulates concrete pore environments contam-
inated with chloride ions. Here, AFM topography imaging was
employed to distinguish the pitting corrosion in saturated Ca(OH),
and cement extract, with and without the addition of NaCl. Antony
et al. [7] showed the aggressiveness of sulphate-reducing bacte-
ria in a marine environment, which plays an important role in the
corrosion of duplex stainless steels. The initiation of the attack
was evident from scanning electron microscopy (SEM) and AFM
studies.

In this paper we examine the topographic and surface-
roughness changes of AISI 316L and DSS 2205 when electrochem-
ically treated in two model solutions, artificial saliva (AS) and a
simulated physiological solution called Hank’s solution (PS), with
an increased chloride-ion concentration. The standard electro-
chemical technique of cyclic voltammetry was accompanied with
the applied electrochemical atomic force microscopy (EC-AFM) for
in situ localized corrosion studies. We focused on the pitting cor-
rosion as well as the growth of the deposition products, whose
chemical composition was additionally characterized with X-ray
photoelectron spectroscopy (XPS).

2. Experimental
2.1. Materials

The materials under investigation were duplex 2205 stainless steel (22.7%
Cr, 5.7% Ni, 2.57% Mo, 1.37% Mn, 0.38% Si, 0.032% P, 0.03% C, 0.001% S in mass
fraction) and austenitic AISI 316L stainless steel (17% Cr, 10% Ni, 2.1% Mo, 1.4%
Mn, 0.38% Si, 0.041% P, 0.021% C, <0.005% S in mass fraction). The concentra-
tions of Cr, Ni, Mn and Mo in both investigated materials were determined using
inductively coupled plasma atomic emission spectroscopy (ICP-AES, ICP-AES Perkin
Elmer Optima 3100 RL instrument), while the concentration of Si was determined
gravimetrically (Mettler H35AR balance). A spectrophotometric method using a
bismuth phosphomolybdate complex was applied for the determination of phos-
phorus. The blue complex formed was extracted with methyl isobutyl ketone.
The absorbance was measured at 625 nm (Opton PM 6 spectrophotometer). The
concentration of carbon was determined by the oxidation of the sample in an
induction furnace by heating in an oxygen atmosphere to form CO,, which was
then measured with an infrared detector (Eltra CS-800 instrument). The mea-
suring principle was based on the infrared-radiation-absorbing properties of the

gases. In the case of N determination, the sample was melted at high tempera-
tures up to 3000°C in an electrically heated graphite crucible in the furnace. Its
concentration was determined with a thermal conductivity detector (Eltra ON-900
instrument).

The starting materials for electrochemical examination were cut into discs of
15 mm diameter and 1 mm thickness in order to fit into the AFM holder. The samples
were prepared by a mechanical procedure, initially ground with SiC emery paper
down to 1000 grit prior to the electrochemical studies, and then rinsed with distilled
water.

2.2. Model solutions

The electrochemical experiments were carried out in two solutions (chem-
icals from Merck, Darmstadt, Germany), i.e., the artificial saliva, AS (0.4gL"!
NaCl, 0.4gL-! KCl, 0.795gL~" CaCl-2H,0, 0.780gL-! NaH,P04-9H,0, 0.005gL"!
NaS-9H,0, 1gL-! Urea) and the simulated physiological Hank’s solution,
PS (8gL~! NaCl, 0.40gL-! KCl, 0.35gL"! NaHCOs3, 0.25gL~' NaH,P04-2H,0,
0.06 gL' Na;HPO4-2H,0, 0.19gL-! CaCl-2H,0, 0.41 gL~' MgCl,-6H,0, 0.06 gL'
MgS04-7H,0, 1gL! glucose).

2.3. Cyclic voltammetry (CV)

In this experiment, the specimens were embedded in a Teflon PAR holder,
immersed into the solution and employed as a working electrode. A high-purity
graphite rod served as the counter electrode, while Ag/AgCl served as the refer-
ence electrode. The voltammograms were recorded using a EG&G PAR PC-controlled
potentiostat/galvanostat Model 263 with M252 and Softcorr computer programs.

2.4. Atomic force microscopy

The morphology changes of the specimens’ surfaces in the AS and PS solutions
were studied with a combined electrochemistry atomic force microscope (EC-AFM)
consisting of a NanoScope IV multimode instrument (Veeco-Bruker/Digital Instru-
ments, Santa Barbara, California) and an electrochemical potentiostat (PGSTAT 10,
AUTOLAB, the Netherlands). The multimode AFM was equipped with a 12 wm scan-
ner (E scanner). Contact mode imaging in the liquid was performed in the respective
electrolyte in a closed fluid cell with an O-ring seal (ca. 50-p.L inner-cell volume)
connected to external vessels via tubing for the liquid exchange (ca. 2-mL total
volume incl. tubing and syringe vessel). To probe the surface, narrow-legged SiN
cantilevers (DNP, Veecoprobes, Camarillo, California) with nominal spring constants
of 0.5Nnm~! were used. For the electrochemical measurements, the AFM liquid
cell was equipped with a Ag wire as a pseudo reference and a Pt wire as a counter
electrode, while the steel substrate was connected as a working electrode to the elec-
trochemical potentiostat. The potentiostat was interfaced with a personal computer
running under GPES for Windows, version 4.9 (ECO Chemie). The surface scanning
was performed typically at a speed of 1-2 lines s~'. The NanoScope software version
5.12r5 was used for the image processing and the roughness analysis.

Following the independent CV results, we first ran a test cyclic polarization scan
on each sample directly in the EC-AFM setup to check the contacts of the chosen
electrodes. Finally, each sample was exposed to different potentiostatic conditions
for a certain period of time, ranging from a few seconds to a few minutes, depending
on the corrosion resistance of the surface.

2.5. X-ray photoelectron spectroscopy (XPS)

The passive layers on the alloy surface were formed under potentiostatic con-
ditions for 1h at potentials of 0V and 1.5V vs. Ag/AgCl. These potentials were
chosen with reference to the characteristic features of the cyclic voltammograms.
After the electrochemical preparation, the specimens were rinsed with distilled
water, dried and transferred to the analyser chamber within an hour. The XPS
measurements were performed using a VG Scientific Microlab 310F instrument,
non-monochromatized Mg K, radiation (E=1253.6eV) and a hemispherical elec-
tron analyser operating at a pass energy of 20eV. The spectra were collected
using Avantage 3.41V data-analysis software, supplied by the manufacturer. After
a background subtraction, in accordance with Shirley [16], and processing with the
CasaXPS software developed by Fairley [17], the XPS signals were separated into the
contributions from the different species.

3. Results and discussion
3.1. Cyclic voltammetry

The cyclic voltammograms of the 2205 DSS and AISI 316L sam-
ples recorded in AS and PS solutions made it possible to ascribe
the current-density peaks to the corresponding electrochemical
processes taking place on the surface of the investigated materi-
als. The cyclic voltammograms for DSS 2205 and AISI 316L were
recorded at a scan rate of 50mVs~!, in the potential range from
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Fig. 1. Cyclic voltammograms recorded for AISI 316L and DSS 2205 stainless steels
in AS and PS.

-1V to 0.5V and 1.5V, respectively. As shown in Fig. 1, the main
characteristics of the cyclic voltammograms of the two samples are
similar in both solutions. In AS, four peaks are observed in the cyclic
voltammogram for DSS 2205. The first anodic peak A1 at a potential
of —0.2V can be ascribed to electro-formation of Fe(Il) hydroxide
upon the Cr(Ill)-containing passivating layer, existing on the elec-
trode at such potential values [18]. Another peak A2 is observed
in the transpassive region, at 0.9V, being associated with the oxi-
dation of Cr(III) to Cr(VI) [19]. The Ni(Il) species formed during the
passivation process might have been oxidised to Ni(IV) oxide (NiO,)
in this potential range, too. In the reduction cycle at the potential
of 0.2V (peak C2), Cr(VI) was reduced to Cr(Ill) and the iron oxide-
hydroxide layer was largely reduced in the potential range of the
peak C1 at —0.5V [19]. The measured breakdown potential for the
DSS 2205 vs. Ag/AgCl in the AS was approximately 1.25V [19].

When studying AISI 316L in AS, only two peaks were observed in
the cyclic voltammograms. The first peak A at —0.2 V in the anodic
cycle appears because of the electro-formation of Fe(Il) hydroxide,
while the second peak Cat —0.5 V in the cathodic cycle corresponds
to the reduction of iron oxide-hydroxide layer. The breakdown
potential for the AISI 316L steel in AS is much lower, i.e., at 0.4V
[19].

In the PS solution, the cyclic voltammograms were similar to
the results obtained for the AS. The main difference observed was
the increase in the corrosion-current density due to increased chlo-
ride concentration in PS. In addition, the values of the breakdown
potentials for the DSS 2205 and AISI 316L shifted to more negative
potentials.

3.2. Atomic force microscopy

3.2.1. Surface morphology

The EC-AFM experiments generated topographic images show-
ing the localized corrosion processes mainly associated with the
increased concentration of chloride ions attacking the sample’s
structure.

Fig. 2a-d displays the surface of the DSS 2205 steel in both
solutions, AS and PS, after exposure to specific potentiostatic
conditions. AFM topography images indicate the samples’ high
pitting-corrosion resistance of the samples in both solutions, even
when the samples were exposed to anodic potentials in the region
of transpassive oxidation, i.e., 0.8 Vand 1V, for several minutes. The
aggressive nature of PS due to increased chloride concentration,
compared to AS, is however reflected in the reduced time scale of
the DSS 2205 surface changes.

On the other hand, the surface of DSS 2205 in both solutions
was marked by a protruding mass of square-like corrosion prod-
ucts, which grew as high regions on the AFM topography image
(Fig. 2b and d). The deposition of the corrosion products observed
in a surface oxide layer was a result of the formation of high state
oxides, such as CrOs, NiO; or Fe304 [19]. One can also see that the
deposition process of oxide layers started uniformly (Fig. 2a and c),
in continuous lines. With time and as the potentials were increased
deeper into the region of transpassive oxidation, the deposition
lines broke, resulting in several square-like protuberances covering
the surface (Fig. 2b and d).

Fig. 3 compares the surface of the AISI 316L steel after an
electrochemical treatment in each of the model solutions. The mor-
phological structure of AISI 316L in AS is similar to the DSS 2205
sample, characterized by ellipse-like corrosion products growing
extensively as the potential proceeded deeper into the region of
transpassive oxidation, i.e., 0.5V (Fig. 3b).

A different morphology was found when the AISI 316L steel
was exposed to the PS solution (Fig. 3c and d). The sample was
highly susceptible to corrosion and exhibited pronounced signs of
attack by the enhanced concentration of Cl~ ions. Fig. 3c shows that
many pits with different sizes and depths had formed already dur-
ing the cyclic polarization test scan in the potential range —0.5V to
0.8 V. The pitting was initiated by exposing the sample to slightly
above the breakdown potential for only a few seconds, resulting
in a current increase on the CV curve. The pits were accompanied
by a protruding mass of corrosion products, shown as small bright
spots on the AFM image. An additional exposure of the sample to an
anodic potential of 0.5V for 30's, again lead to the extensive growth
of ellipse-like corrosion deposits over the pits (Fig. 3d).

Some interesting features of the different corrosion products
deposited on the surface of DSS 2205 and AISI 316L steels in both
solutions were observed. The surface of DSS 2205 was covered with
square-like deposits (Fig. 2b and d), whereas that of AISI 316L was
characterized by ellipse-like deposits (Fig. 3b and d). The dissimilar
morphology of the corrosion products is most probably related to
the growth of oxides with different stoichiometries that dominate
the surfaces the samples due to the altered chemical composition of
the base materials, DSS 2205 and AISI 316L, as described in Section
2.1t was reported by Brunet et al. [20], Estelle et al. [21] and Jasien-
ska et al. [22] that chromium, nickel and iron oxides can crystallize
in various morphologies depending on the oxygen content.

To obtain a further insight into the chemical composition of the
oxide layers formed on the surface of both samples after oxidation
in the transpassive region, the X-ray photoelectron spectroscopy
(XPS) results are discussed in Section 3.2.3.

3.2.2. Surface roughness
The AFM topography images indicate that chloride ions eroded
the surfaces of the specimens randomly. To determine the effect
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Fig. 2. AFM images of DSS 2205 sample: (a) in AS after being exposed to the potential of 0.8 V for 45 min, (b) in AS after additional exposure to the potential of 1V for 11.6 min,
(c)in PS after being exposed to the potential of 0.8 V for 17.2 min and (d) in PS after additional exposure to 1V for 7.5 min. Here, one has to note, that the scanning angle was
changed to 45° in order to exclude the possibility of the scanning artefact due to the homogeneity of the background sample. The scanned area was 5 pm x 5 um; z-scales:

50 nm.

of the corrosion process on the surface roughness of the DSS 2205
and AISI 316L in AS and PS solutions, surface profile measurements
received additional attention in EC-AFM measurements. The Veeco
NanoScope software 5.12r5 offers the possibility to calculate the
average surface roughness, Ra, for each sample from the AFM sur-
face topographic data in a scanning area of 5 wm x 5 um (as set by
the operator) using the equation:

M N

Ra= 15> "1z ) (1)

i=1 j=1

where Z(x;, y;) denotes the height of a surface point (x;, y;) relative
to the mean plane and MN is the number of points in the analyzed
area.

Fig. 4 shows the variation of the average surface roughness (Ra)
values of DSS 2205 and AISI 316L surfaces under various poten-
tiostatic conditions (i.e., the time of exposure to different anodic
potentials, as described in Figs. 2 and 3) in AS and PS solutions.
It can be seen that the values of the parameter Ra are directly
related to the corrosivity of the surface. As described in Section
3.2.2, the highly resistant DSS 2205 surface hardly responded to
potentiostatic treatmentin both solutions. The slight increase in the
average surface-roughness values is therefore mainly connected to
the growth of the corrosion products. The average surface rough-
ness is, therefore, in the nanometre range, indicating the nanoscale
growth of corrosion products extending up to a few tenths of
nanometres in the z-direction and up to 200 nm in the lateral direc-
tions. A similar dependence was observed for the AISI 316L surface
in AS solution. However, there is a large increase in Ra of AISI 316L

Table 1
The composition of the oxide layer formed on 2205 DSS in AS.

E/V %Cr

0 9.84 57.37
1.5 2.00 39.08

%Cr-ox %Fe %Fe-ox %Mo %Mo-ox %Ni %Ni-ox %Mn

846 13.93 154 1.77
3.25 5535 0.03 0.20

3.89 0.63 2.56
0.06 0.03 0.00

in PS solution due to the increased concentration of chloride ions
in the PS compared to the AS solution.

3.2.3. X-ray photoelectron spectroscopy

The XPS measurements gave us an insight into the average
chemical composition of the oxide layers formed at the surface of
both samples after the exposure to the selected potentials, i.e., in
the region of passive behaviour and in the region of transpassive
oxidation. For this purpose, the XPS spectra were recorded after
exposure at potentials of special interest, in close correlation to the
cyclic voltammograms. The samples were oxidised at the selected
potentials for 30 min prior to the XPS measurements.

Tables 1-4 present the composition of the oxide layer after the
oxidation of DSS 2205 and AISI 316L steels in AS and PS solu-
tions. In both solutions the fraction of Fe at the oxide layer of both

Table 2
The composition of the oxide layer formed on 2205 DSS in PS.

E/V %Cr

0 10.79 70.03 9.29 551 1.68 1.03 1.08 0.59 0.00
1.5 414 39.52 0.66 53.02 0.02 0.19 137 1.083 0.00

%Cr-ox %Fe %Fe-ox %Mo %Mo-ox %Ni %Ni-ox %Mn
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Fig. 3. AFM image of AISI 316L sample: (a) in AS after exposing the sample to anodic potential of 0.5V for 10 min, (b) in AS after additional exposure of the sample to 0.5V
for 6.6 min, (¢) in PS immediately after the test cyclic voltammogram in the range of potentials from —0.5V to 0.8V and (d) in PS after additional exposure to 0.5V for 30s.

The scanned area was 5 um x 5 um; z-scales: 50 nm.

Table 3
The composition of the oxide layer formed on AISI 316L in AS.

E/V %Cr %Cr-ox %Fe %Fe-ox %Mo %Mo-ox %Ni %Ni-ox %Mn

0 9.32 52.88
0.65 3.76 15.44

7.16 20.11 137 256 4.49 0.02 2.09
1.85 64.88 0.63 930 1.11 0.67 235

investigated materials was less than that of the bulk concentration,
and this effect increased with the increased chloride concentration.
The passive layer was Cr-enriched compared to the bulk concen-
tration; the Cr concentration was higher at lower potentials and
decreased at higher anodic potentials. The concentration of Ni was
strongly reduced compared to the bulk concentration; that of the
Mo increased at higher anodic potentials compared to the bulk
concentration.

The main constituent of the oxide layer formed at the surface
of DSS 2205 after oxidation at 0V in both solutions was Cr-oxide
and the total amount of Cr was enriched compared to the bulk
concentration. The second major constituent of the passive layer
was Fe-oxide, although the total amount of Fe was lower than in
the bulk. The amounts of Mo- and Ni-oxides were very low, espe-
cially for Ni, in comparison to the bulk. With increasing chloride
concentration in the PS solution, the amounts of Fe and Ni species
decreased due to preferential dissolution in the presence of chloride
ions. Clayton and Lu [23] emphasized that Ni was rarely observed in

Table 4
The composition of the oxide layer formed on AISI 316L in PS.

E/V %Cr %Cr-ox %Fe %Fe-ox %Mo %Mo-ox %Ni %Ni-ox %Mn

0 9.71 62.87 8.35 16.86 0.38 1.32
0.65 0.01 21.87

0.14 0.37 0.00
0.00 60.80 1.76  13.75 0.29 1.52 0.00

the passive films of stainless steels formed in solutions containing
chloride ions. Therefore, the amount of Cr-oxide increased.

After oxidation at 1.5V, the oxide layer predominantly consisted
of Fe-oxides and was slightly depleted in Cr-oxide compared to the
results at 0V, due to effects explained later. From the equilibrium
diagrams of chromium it is expected that at potentials anodic to
0V, chromium would dissolve preferentially [18]. The XPS results
confirmed this prediction: when DSS was passivated at potentials
>0V, the chromium level slightly decreased and that of the iron
increased towards the oxide-solution interface. The amounts of Ni
and Mo species were significantly depleted.
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Fig. 4. The variation of average surface roughness (Ra) of DSS 2205 in AS (O) and

PS (@) and of AISI 316L in AS (OJ) and PS (M) with time under various potentiostatic

conditions as described in Figs. 2 and 3.
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Similar results were obtained for AISI 316L, however, with a
slightly higher content of Fe in the oxide layer compared to the DSS
2205.

4. Conclusions

A combined electrochemistry atomic force microscopy study
was implemented to investigate the effect of localized corrosion
and the morphology changes of duplex stainless steel of the type
2205 (DSS 2205) and austenitic stainless steel AISI 316L when
electrochemically treated in artificial saliva (AS) and a simulated
physiological solution, i.e., — Hank’s solution (PS), which was char-
acterized by a higher chloride concentration thank the AS.

AFM topography studies illustrated the high corrosion resis-
tance of DSS 2205 in both solutions for the chosen range of
electrochemical potentials applied to the sample. The AISI 316L
steel was stable against corrosion in AS; however, it was highly sus-
ceptible to pitting in PS due to the increased chloride content. The
morphology of both surfaces was enriched with the growth of cor-
rosion products during the oxidation process in the surface oxide
layer. We distinguished between the square-like and ellipse-like
deposits on the surface of DSS 2205 and AISI 316L, respectively;
the dissimilar shapes being related to the growth of Cr, Fe and
Ni oxides with different stoichiometries that dominated the sam-
ples’ surfaces due to the altered chemical composition of the base
materials.

In both investigated materials, the average surface roughness
(Ra) values in the nanometre range were mainly a result of the
growth of corrosion products and reflected the degree of the sam-
ples’ corrosivity and the nanometre dimensions of the deposits.

The XPS results obtained in the present work revealed that the
oxide film formed on the surface of DSS 2205 and AISI 316L steels
in both investigated solutions contained oxides of two main ele-
ments, i.e., Fe and Cr. The oxides of the alloying elements Ni and
Mo were negligible compared to the bulk, except for the increased
Mo concentration in the transpassive region.

Generally speaking, DSS 2205 is considered to be a promising
material for medical applications due to the increased corrosion
resistance compared to AISI 316L stainless steel, as confirmed by
the present study. The main improvement with respect to medi-
cal applications is the decrease in the nickel hypersensitivity effect

for patients undergoing medical treatments, with the advantage of
the reduced nickel content in DSS 2205. This demonstrates the suit-
ability of 2205 DSS for medical applications in artificial saliva and
simulated physiological solutions.
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