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Abstract: Electrochemically-assisted modification of the surface of N-austenitic
stainless steel (ASS N25) was successfully employed to improve the barrier
properties of the passive film in a chloride-containing solution. The chemical
composition, electronic and barrier properties of the surface film before and
after the electrochemical treatment were examined using X-ray photoelectron
spectroscopy (XPS) and electrochemical impedance spectroscopy (EIS). The
electrochemical measurements were performed in a corrosion testing solution.
The excellent corrosion resistance (both pitting and general) of the modified
surface of the N-steel was discussed according to a Mott—Schottky analysis of
the interfacial capacitance of the space charge layer and EIS results. The con-
ductivity change of the surface film from an n- to a p-type in the pitting suscep-
tible region was explained using the XPS analysis and the semiconducting
properties of the film.

Keywords. stainless steel; corrosion; passive films; metal oxide semiconduc-
tors.

INTRODUCTION

It was reported that the favourable effect of nitrogen on the electrochemical
and mechanical properties of austenitic stainless steels (ASS) is a consequence of
the electronic exchange between the iron and nitrogen atoms in austenitic fcc
lattice, in which nitrogen contributes to the electronic states just at the Fermi
level.l According to these authors, the increase in the free electron density due to
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2054 METIKOS-HUKOVIC, GRUBAC and OMANOVIC

the nitrogen atoms in the iron lattice favours short-range ordering and enhances
the metallic character of the interatomic bonds. Bonding between atoms of non-
identical elements results in an enhanced thermodynamic stability of a solid solu-
tion, and thus much better corrosion and mechanical properties. Austenitic stain-
less steels (SSs) with nitrogen (ASS N25) offer acceptable resistance against
general corrosion in a variety of corrosive environments.24 Nitrogen is believed
to play a magjor role pertaining to the corrosion properties of austenitic stainless
stedls, as it promotes passivity, and enhances the re-passivation properties of the
stainless steel, in addition to its contribution to the mechanical strength.5.6

Although the improved corrosion resistance of nitrogen-containing SSs justi-
fies their employment in many applications, the related literature indicates that
vigorous pitting attacks still prevail when these SSs are exposed to chloride-con-
taining solutions.® This evidences insufficiency in the improvement of the corro-
sion protection brought about by nitrogen addition to the stainless steel. Pitting
attacks are not only responsible, to a large extent, for the mechanical failure of
SSs, mainly in industrial applications, but also cause the release of bio-hazardous
species into the surrounding environments, which are of particular concerns in
food, pharmaceutical and biomedical applications.”-8

The pitting resistance of SSsis directly linked to the stability of the surface
passive film, and is thus dictated by its physico-chemical properties. Oxide
passive films grown on metal and alloy surfaces have recently been reviewed®-11
and recent insights into the mechanism of passivity breakdown and localized
(pitting) corrosion were given.12.13 |t was established that during passive film
formation/growth on an ASS N25 electrode, Fe3* species migrate outward through
the cation vacancies (V¢,3-, are the main charge carriers) in the Cr,03 layer.14
Thus, the passive film on ASS N25 is believed to be comprised of an inner CroO3
barrier layer and an outer iron-rich sublayer,15 whereby the point defect model
(PDM) best explains the kinetics of passive film growth.16.17

Numerous efforts have been made to modify the structure of passive films
and thus enhance the pitting and general corrosion resistance of stainless steels.
The outcome ranged from very poor success to remarkable improvements in the
properties of the passive films,18-22

Cyclic potentiodynamic polarization, as a surface treatment method, has
been reported as an efficient method that could be employed to modify the phys-
icochemical and electronic properties of the passive films on 316LVM stainless
Stegl 23,24

In this paper, the effect of cyclic potentiodynamic polarization on the corro-
sion resistance of ASS N25 surface is presented. The pitting and barrier pro-
perties of an unmodified and a modified ASS N25 surface are also comparatively
discussed based on the semiconducting properties of naturally and electroche-
mically grown passive films.
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PASSIVE FILM ON N-STEEL 2055

EXPERIMENTAL

A single compartment standard electrochemical cell was used in all electrochemi-
cal/corrosion measurements. The reference electrode (RE) was a saturated calomel electrode
(SCE), and a platinum plate was used as the counter electrode (CE). A working electrode
(WE) was made of ASS N25 samples with the chemical composition given in Table I. The
WE was prepared by cutting ASS N25 into disc-shaped samples suitable for the EG& G PAR
flat specimen holder, model K105. The sample area exposed to an electrolyte was 0.785 cm?.
All current density values reported in this work were normalized with respect to this geo-
metrical surface area. Electrochemical passivation of the electrode surface was performed in a
0.1 M NaNOs solution. Corrosion tests were realized in a0.16 M NaCl solution.

TABLE I. Chemical composition (mass %) of ASS N25 steel (the balance is Fe)

C Mn Si Cr Ni Mo N Nb
0.030 4.60 0.29 21.15 12.72 2.22 0.247 0.170

The composition of the passive films was determined by X-ray photoelectron spec-
troscopy (XPS). The XPS spectra were recorded in a UHV chamber of a SPECS system with
a Phoibos MCD 100 electron analyzer and monochromatised Al K; X-rays of 1486.74 eV. For
the pass energy of 10 eV used in the present study, the total energy resolution was around 0.8
eV. The photoemission spectra were simulated with several sets of mixed Gaussian—Loren-
tzian functions with Shirley background subtraction.

In order to measure the surface corrosion resistance, electrode stabilization at the open
circuit potential (OCP) was first performed in the corrosion testing solution for one hour. Next,
electrochemical impedance spectroscopy (EIS) measurement was performed at the OCP in a
frequency range between 100 kHz and 30 mHz with an ac amplitude (rms) of £10 mV. Fitting
polarization experiments were conducted by anodically polarizing the working electrode (WE)
from 50 mV negative of the OCP to the potential at which the current density of 1 mA cm2
was reached. Chronoamperometry measurements were performed following electrode
stabilization at the OCP in a corrosion testing solution by potentiostatically (constant
potential) polarizing the WE and measuring the resulting current density.

To investigate the semiconducting properties of naturally-grown (unmodified surface)
and electrochemically formed passive films, capacitance measurements were performed in a
borate buffer solution, pH 8.4 under a cathodic bias, starting from 1.0 V down to 0.9 V. The
imaginary part of the impedance (Ziyg) measured a the frequency of 1.6 kHz was recorded as
a function of the potential. The applied ac amplitude was £10 mV. The experimental setup
consisted of a PAR 273A potentiostat/galvanostat for voltammetric measurements, and a
Solartron SI 1287 potentiostat/galvanostat and a Solartron SI 1255 HF freguency response
analyzer for the electrochemical impedance spectroscopy measurements.

RESULTS AND DISCUSSION
Electrochemical formation of passive films on an ASSN25 surface

The cyclic voltammograms (CV) of an ASS N25 electrode recorded in a 0.1
M NaNOg3 in the potential region between 0.8 V and 0.9 V, representing the 13t
(solid line) and the 300th (dashed line) sweeps, are shown in Fig. 1. It is evident
that the shape of the CV changed significantly with the number of polarization
sweeps. The anodic and cathodic shoulders/peaks observed on the voltammo-
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grams and their corresponding redox reactions have aready been explained in the
literature,25-29 and will not be elaborated in detail here. Briefly, in each sweep
two oxidation reactions, Fe — Fe(l1)/Fe(l1l) and Cr(111) — Cr(VI1) in the anodic
sweep, and their corresponding reduction reactions in the cathodic sweep,
occur.23 The first anodic shoulder/peak (at ca. —0.7 V) is related to the formation
of a Fe(Il)/Fe(l11)-oxide layer (i.e., FeoO3) on the top of the Cr(l11) oxide layer,
followed by oxidation of the Cr(I11) speciesto soluble Cr(V1) species (at ca. -0.1
V). The corresponding reduction reactions in the reverse sweep occur at poten-
tials negative of ca. 0.4 V.
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Fig. 1. Cyclic voltammograms of the freshly polished ASS N25 surface recorded in
a0.1 M NaNOs solution at a scan rate of 0.167 mV s, The solid line represents
the 15 sweep, and the broken line represents the 300t sweep. Inset: dependence
of the anodic to cathodic total charge ratio on the number of sweeps.

On the freshly polished ASS N25 surface (15t sweep), the anodically formed
Cr(V1)-species are mainly dissolved in the solution by diffusion through a very
thin and non-compact pre-formed passive film. This explains the absence of a
passive transition associated with the oxidation of Cr(l11) to Cr(VI) in the anodic
scan (shoulder Sp). On the other hand, the 300t" sweep in Fig. 1 shows that the
charge associated with the Cr(I11)-to-Cr(V1) transition in the potential region of
Cr(111) oxidation (positive of ca. —0.4 V) is negligible compared to that recorded
in the first sweep. This demonstrates that the Cr(V1) species formed in the anodic
sweep remain "locked" in the surface passive film. The resultsin Fig. 1 suggest
that the passive film formed during prolonged cyclization of the electrode is more

Available online at www.shd.org.rs/JSCS/

Copyright (C)2013 SCS

@080

EW MG RMD




PASSIVE FILM ON N-STEEL 2057

compact or thicker than the film formed in the 13t sweep; thus effectively pre-
venting the dissolution of Cr(V1) speciesinto the electrolyte.

In order to obtain a better quantitative insight into changes during the cycli-
zation of the ASS N25 electrode, the ratio of the total anodic-to-cathodic charge
is presented as an inset to Fig. 1. The curve shows that the anodic reactions in the
1t sweep are quiteirreversible (Q4/Qc = 5.5) and that only ca. 18 % of the charge
related to these anodic processes is used to form species that do not dissolve into
the solution but form the surface passive oxide film. However, on cyclization of
the surface, the reversibility of the anodic processes rapidly increases, and after
ca. 10 sweeps it approaches almost 100 %. This indicates that the cyclic
polarization of the working electrode surface under the given conditions signifi-
cantly enhances passivity of the surface oxide film, preventing the dissolution of
the underlying metals into the solution, even at high anodic potentials. Similar
behaviour was shown in the case of 316LVM stainless steel, when a considerable
improvement in the corrosion resistance was observed.24:25

Chemical composition of passive films formed on an ASSN25 electrode —
XPS characterization

The chemical composition of the electrochemically modified passive film
and the naturally grown passive film (unmodified surface) was analyzed by XPS.
The photoemission spectra (open circles) around the Cr 2pz/» and Fe 2p3j» energy
levels recorded on an a) unmodified and b) electrochemically modified sample
are shown in Fig. 2, together with the numerical fits (solid lines) obtained using
Voigt profiles. The agreement between the modelled and experimental data is
very good.

A comparison of the corresponding spectra revealed that Cr(VI) species
were detected only in the electrochemically formed passive film. Chromium in
both passive films was found as Cr(l11) in Cr(OH)3 and in CroO3. Both passive
films contain Fe(ll) and Fe(lll), mostly in FezO4, with some contribution of
Fe(l1) in FeO. The peaks at 715.3 and 713.4 €V are well-known shake-up satellite
peaks. Iron oxide satellite structures are frequently used as fingerprints to identify
the iron oxide phases. The shake-up satellite in Fig. 2 at 715.3 eV can be
assigned to Fe(Il) in FeO, while the other satellite peak at 713.4 eV is attributed
to Fe(l1) in chromite (FeCroO7). No shake-up satellite structures are visible on
the chromium spectra.

Corrosion resistance of passive films formed on ASSN25 surfaces

Polarization voltammograms of the unmodified ASS N25 surface (solid line)
and surfaces modified electrochemically (broken lines), recorded in 0.16 M NaCl
solution, are shown in Fig. 3. The polarization curve of the unmodified surface
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Chromiie
(satellite)

570 575 580 705 710 715 720

Binding energy, eV

Fig. 2. The deconvoluted XPS spectra of Cr 2ps» and Fe 2ps/, energy levels obtained for:
a) an unmodified and b) an electrochemically modified ASS N25 surface.

exhibits a number of current spikes at potentials below 0.4 V, indicating the
formation of metastable pits in this potential region. However, the formation of
stable pits occurs at potentials positive of 0.4 V, which is in agreement with the
results for austenitic types of stainless steels.26.27 However, at potentials higher
than ca. 0.5V, the current density starts to rise more steeply and finally at more
noble potentials, a breakdown of the film occurs. In the reverse scan, a pitting
loop appears. On the other hand, the response of the electrochemically modified
surfaces shows the absence of current spikes. An abrupt increase in anodic
current at ca. 1.2 V could be connected with the oxygen evolution reaction.
Moreover, the passive current density of these surfaces is significantly lower than
that of the unmodified surface. With increasing number of passivation sweeps
(from 50 to 200 scans), the passive current decreases, thus confirming that a
more compact and the corrosion resistant surface film had been formed after a
higher number of passivation scans. In summary, the results in Fig. 3 evidence
that the electrochemical passivation of the ASS N25 surface improves its pitting
corrosion resistance and passivity in a0.16 M NaCl solution.
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Fig. 3. Tafel plots of the polarization curves of the unmodified (solid ling) and the electro-
chemically modified ASS N25 surface recorded in 2a0.16 M NaCl solution at a scan rate of
0.167 mV s1. Modification of the surface was realised by applying 50 sweeps (broken line),
100 sweeps (dotted line) and 200 sweeps (dash dot dot dash line).

Investigation of the frequency of the formation of metastable pits under
potentiostatic polarization, in the pitting susceptible region, is another criterion
used to evaluate surface resistance against pitting corrosion. In other words, the
higher the density of pitting-active spots on the surface, the higher is the suscep-
tibility of the surface to pitting corrosion. On a current—time curve, recorded at a
selected potential in the pitting-susceptible region, this is manifested as the
appearance of current spikes. The chronoamperometry (CA) plots of the unmo-
dified (1), and electrochemically modified (2) surfaces are comparatively shown
in Fig. 4. The CA plot of the unmodified surface clearly shows the incidence of
pitting corrosion, evidenced by the continuous and "rough" increase in current
with time. On the other hand, the response of the electrochemically passivated
surface is characterized by a “zero” line. Hence, the results presented in Fig. 4
clearly support the conclusions made from the results presented in Fig. 3, sug-
gesting that the electrochemical passivation of ASS N25 yielded a passive film
with excellent corrosion protection properties.

Semiconducting properties of the passive films formed on an ASSN25 surface

Correlation between the semiconducting properties of passive oxide films
and their resistance against pitting corrosion was reported in the literature.28-30
The semiconducting (electronic) properties of passive films have generally been
studied using capacitance measurements, employing the Mott—Schottky
analysis:31
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where gisthe relative permittivity (dielectric constant) of the oxide film, & isthe
vacuum permittivity (Fcm1), e is the elementary charge of an electron (C), Na
is the acceptor density (cm3) and Np is the donor density (cmr3) in the non-
stoichiometric passive film, Egy is the flat-band potentia (V), k is the Boltzmann
constant (J K1) and T is the temperature (K).
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Fig. 4. Potentiostatic curves of the unmodified (1) and the electrochemically modified (2) ASS
N25 surfaces recorded in a0.16 M NaCl solution at a potential 0.45 V. Modification of the
surface was realised by applying 200 sweeps.

The passive film/electrolyte interface is, in this analysis, treated as the space
charge depletion zone, which behaves as a Schottky barrier. Thus, the measured
capacitance, after correction for the electrochemical double layer capacitance, is
attributed to the space charge capacitance, Cgc, inside the oxide film. If an oxide
film behaves as a semiconductor that can be described by the Mott—Schottky
model, the dependence between 1/ C§C vs. E should give a straight line. For an
n-type semiconductor, the equation has a negative slope, while for a p-type
semiconductor, the equation has a positive slope.

The Mott—Schottky response of a naturally grown passive film (unmodified
surface) and of the passive film formed by applying a specific number of pola-
rization (modification) cycles (Fig. 5) shows the existence of severa potential
regions characterizing the semiconducting behaviour of the corresponding sur-
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PASSIVE FILM ON N-STEEL 2061

face films. In the potentia region between —0.9 and —0.6 V (Region 1), the pas-
sive films behave as p-type semiconductors, while in the potential range between
—0.3and 0V or 0.2 V for the unmodified and modified surface, respectively,
(Region 1), n-type behaviour is clearly visible. An n-type behaviour has been
correlated with the response of iron oxides in the passive film, which are charac-
terized by a non-stoichiometric composition resulting in oxygen vacancies that
contribute to the n-type conductivity.4153233 On the other hand p-type beha-
viour has been attributed to the response of chromium oxides, and is character-
rized by the non-stoichiometry resulting in metal vacancies that contribute to the
p-type semiconductivity.41534-36 Taking this into account, it could be concluded
that in Region |, the space charge depletion zone is situated in the part of the
passive film that is reach by chromium(I1l) oxide and behaves as a Schottky
barrier, while the remaining Fe oxide rich part of the oxide is in a condition of
accumulation. On the other hand, at potentials in Region Il, the semiconducting
property of the passive film is determined by the space charge depletion zone
located in the iron oxide rich layer, while the chromium(l11) oxide rich layer isin
the accumulation condition.32 In Region IV (at E> 0.8V and E > 1.2 V), due to
ionic (pitting corrosion) and electronic (oxygen evolution) transfer reactions on
the solid/electrolyte interface, the main potential drop is no longer in the space
charge layer but in the Helmholtz layer.
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Fig, 5. Mott—Schottky plot of the unmodified (A) and the electrochemically modified (m)
ASS N25 surfaces by applying 50 sweeps.

The main differencein 1/ C§C vs. E behaviour between the unmodified and
the electrochemically modified surface isin Region Il (0.2-0.7 V), in which the
two surfaces display different types of semiconductivity. Here, focus will be
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directed only to this region since it coincides with the pitting potential region of
the unmodified surface (Fig. 3). Figure 5 shows that the unmodified surface
behaves as an n-type semiconductor in Region Ill. There is general agreement
that surfaces presenting n-type semiconductivity are more prone to pitting com-
pared to surfaces exhibiting p-type semiconductivity.28

If the Mott—Schottky plot (Fig. 5) and the polarization curve (Fig. 3) of the
unmodified sample are compared, it will be seen that the pitting potential coin-
cides well with the n-type behaviour in Region I1I. This is quite in agreement
with the point defect theory (PDM),16.17 which states that the initial pitting reac-
tion that occurs at a film/solution interface involves the adsorption of chloride
ionsinto oxygen vacancies according to relation:

VS (0x) + ClI=-nH20 - Vg (ox) + nH20 3

where V5* (0x) is the positively charged oxygen vacancy, CI~ is the chloride
ion in an agueous electrolyte and V&, (ox) is the chloride vacancy occupying an
oxygen lattice site (Kroger—Vink notation). To preserve electroneutrality, an
equivalent number of cation vacancies, VN% , must be formed through a corrosion
process of metal dissolution.

Taking into account the PDM, it is assumed that an increase in the pitting
corrosion resistance of a material could be achieved by increasing the concen-
tration of metal vacancies in the passive film. This process occurs by the cyclic
potentiodynamic formation of the passive film under the conditions presented in
Fig. 1. Namely, by polarizing the ASS N25 surface (between the potentials of
hydrogen and oxygen evolution) at high anodic potentias, Cr(VI) species are
formed (see XPS results presented in Fig. 2). With cyclization, progressively
more of these species remain “arrested” in the growing passive film. The for-
mation of Cr(VI) species increases the oxygen content in the passive film (so-
called secondary passivity), producing an increase in the density of metal vacan-
cies, V,a‘ , according to the equation:14

Cr(lll) — Cr(VI) + Vg +3e- (4)

Electrochemical modification, in turn, leads to the changes in the electronic
properties of the surface film and to the increased pitting resistance (Figs. 3 and
4). On the Mott—Schottky plot (Fig. 5), in the pitting susceptible Region 1ll, a
transition from n- to p-type conductivity occurs. Mott—Schottky results for the
flat band potentials and charge carrier densities of the unmodified and modified
film are summarized as follows:

i) unmodified surface of the steel: Efy = —0.405 V, Np(Fe,03) = 3.95x1019
cnrs;

i) modified surface of the stedl: Efy = -0.179 V, Np(Fey03) = 1.30x1020
cm3 and Efp = 1.250V, Na(CrO3) = 3.54 x1020 cmr3.
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PASSIVE FILM ON N-STEEL 2063

The values obtained for the donor and acceptor densities were of the same order
of magnitude as those reported previously for ASSs, without nitrogen.32:35.37,38

Barrier properties of the passive films formed on ASS N25 surfaces

In order to investigate the genera corrosion resistance of the electroche-
mically modified ASS N25 surfaces, EIS measurements were performed and pre-
sented as the Nyquist plotsin Fig. 6. To better investigate the frequency-depend-
ent processes occurring at the surface/electrolyte interface and inside the passive
oxide films, the EIS data were modelled using nonlinear |east-squares fit anal-
ysis.39 An equivalent electrical circuit (EEC) presented in the inset to Fig. 6 was
used to model the experimental data presented in Fig. 6. Ry represents the elec-
trolyte resistance, CPE is a constant phase element representing a double-layer
capacitance, Ry isthe corrosion resistance and Cg can be attributed to the faradaic
pseudocapacitance corresponding to the film thickness/potential variation.40-42
The values obtained by fitting the experimental EIS data using the presented EEC
aregivenin Table 1. It should be noted that the values presented in Table |1 were
recorded for ASS N25 surfaces prior to the pitting polarization tests.
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2
Zreal/ kQ cm

Fig. 6. Nyquist plots of the unmodified (e) and the modified (m) ASS N25 surfaces by
applying 200 sweeps, recorded in a0.16 M NaCl solution. Inset: Electric equivalent circuit
used to fit experimental data.

Cyclic polarization of the surface of the steel results in an increase in the
surface roughness, and thus in the real surface area exposed to the electrolyte. In
order to eliminate the effect of surface area and determine the real general corro-
sion resistance, a true surface area was calculated for each sample. First, using
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the Brug Equation®3 and CPE;, the corresponding capacitance was calculated
and presented in Table Il. Taking into account that a double-layer capacitance of
a smooth electrode surface is 25 pF cm2,44 the true surface area of each inves-
tigated ASS N25 sample was calculated as a ratio, Ayye = Cp/25 (cm?), Table
Il. As can be seen, the electrochemical passivation of the surface resulted in a
significant increase in the surface area, which is consistent with previous obser-
vations.2> The numerical values of Ryye Were used to calculate the protection
efficiency of the surface film according to the expression:

PE/ %= 100(Rtrue,mod - Rtrue,unmod)/ Rtrue,mod (5)

where Rirye mod @d Rerye unmod are the polarization resistance values of modified
and unmodified samples, respectively. Table 1l shows that the electrochemical
modification of the ASS N25 surface resulted in an increase in the general corro-
sion resistance, yielding a corrosion protection efficiency of ca. 90 %.

TABLE Il. Impedance parameters for the ASS N25 electrode in a0.16 M NaCl solution at the
open circuit potential

Treatment le 106 Rl C0 CdI Rtrue

Qlem2g n kQem?  pFem?2  pFem?2  kQcom?
Unmodified 337 0.81 283 - 57 638
Modified;oo 162.1 089 342 170 201 3491
Modified,gg 144.0 0.90 356 780 234 4248
CONCLUSIONS

This work proves the applicability of the electrochemical cyclic polarization
method for increasing the corrosion resistance of the surface film of ASS N25 stedl.

The superior pitting resistance of the modified surface compared to the
control surface was attributed to the modification of the electronic properties of
the passive film, though conversion of the type of semiconductivity (from n- to
p-type) in the pitting-susceptible region. This is due to the enrichment of the
electrochemically formed passive film with Cr(VI) species (XPS), which results
in a"replacement” of pitting-initiating oxygen vacancies by metal vacancies. The
resulting oxide layer is a semiconductor of p-type and thus more corrosion resis-
tant against pitting attack. The other beneficial consequence of the electroche-
mical passivity was an improvement in the general corrosion resistance of the
surface.

LIST OF SYMBOLS

A area, cm?

C capacitance, F cm2

C, faradaic pseudocapacitance, F cm2
CPE constant phase element

E  potentia, V

e chargeof electron, 1.602 x 1019 C
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current density, A cm2

Boltzmann constant, 1.23 x 1023 JK-1
metal

charge carrier density, cm3

exponent of the constant phase element
oxygen lattice site

protection efficiency, %
frequency-independent constant, (Q1 cm2 g
resistance, Q cm?

temperature, K

vacancy

impedance, Q cm?.

Greek letters

e relative permittivity

&  vacuum permittivity, &, = 8.85x104 F cm?
®  positive charge.

Sub/superscripts

N<—AD03Q=zEx—

A acceptor

a anodic

c cathodic

D donor

DL double layer
fb flat band

el electrolyte
im imaginary

M metal site
mod modified

O oxygen
OCP  open circuit potential
real real

SC space charge
true true

unmod unmodified.

U3BOJ

[TPOMEHA n-THITIA'Y p-THUII IIPOBOJ/bUBOCTH ITIOJIYITPOBOOHHUYKOT ITACHBHOT
SHUJIMA ®OPMHPAHOI HA N-AYCTEHUTHOM YEJIUKY: ITIOBERAILE OTIIOPHOCTH
I[TPEMA ITUTHHI KOPO3UJHU

MIRJANA METIKOg-HUKOVIC1, ZORAN GRUBAC” u SASHA OMANOVIC’

1Department of Electrochemistry, Faculty of Chemical Engineering and Technology, University of
Zagreb,
P. 0. Box 177, 10000 Zagreb, Croatia, ZDepartment of General and Inorganic Chemistry, Faculty of
Chemistry and Technology, University of Split, N. Tesle 10, 21000 Split, Croatia and 3Department of
Chemical Engineering, McGill University, 3610 University Street, Montreal, Quebec, Canada H3A 2B2

Enextpoxemujcka mopudukanyja mnoBpiiuHe N-jerdpaHor aycreHWTHOT Hephajyher
yenuka (ASS N25) ycneurso je usBefeHa kako du ce nodosiiana dapujepHa CBOjCTBa MaCHB-
Hor ¢uiMa y pacTBOpUMa Koje cafpyke XJIOpuiHe joHe. XeMHjCKH cacTaB, €IeKTPOHCKE U
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OapujepHe ocobrHe MOBPIIUHCKOT GQUIMA, Tpe U IoCcje eeKTPOXEMHjCKOT TpeTMaHa (macu-
BallWje), UCTUTUBAHU Cy kopucTehu oToenekTpoHCKy criekTpockonujy X-3paka (XPS), criex-
Tpockonyjy enekrpoxeMujcke umnenanudje (EIS) u Mott—Schottky anamusy. Pesynrupajyha
CyIepHOpHa OTHOPHOCT MogudHKkoBaHe ASS N25 moBpiInHe npemMa MUTHHT KOPO3HjH IPUIIH-
CaHa je MpoMeHaMa eNeKTPOHCKUX (IOMYyIPOBOJHHWYKMX) CBOjCTABA IOBPLIMHCKOI (DUIMA.
ITpoBOA/BMBOCT NACUBHOT (DUIMa y MOAPYYjy NOTEHLHjala OCeT/bUBOM Ha IIUTHUHT MEma Ce U3
n-y p-THUI TOKOM LIMKJIMYHE TIOTEeHIMOAMHAMHUUKe Iojlapu3anyje.

(ITpumibeno 21. HoBemOpa, pesuaupano 24. Hopemdpa 2013)
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