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The electrochemical behavior of 2205 duplex stainless steel in NaCl solution with different chromate
contents were investigated by potentiodynamic polarization curves, electrochemical impedance spectros-
copy (EIS), Mott-Schottky analysis, and scanning electron microscope (SEM). The effect of chromate on
passivity and pitting behavior of stainless steel was also studied. The results showed that pitting suscepti-
bility as well as semiconducting properties of passive film is heavily dependent on the chromate concen-
tration. There exists a critical chromate value (about 0.03 M in 1 M NaCl solutions) below which the pitting
corrosion on the stainless steel would be inhibited and above which it would be accelerated.
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1. Introduction

Duplex stainless steels (DSS) have been increasingly used
for a variety of application in marine construction, chemical
industries and power plants, due to their excellent combination
of mechanical properties and corrosion resistance (Ref 1). It is
well known that such good properties of DSS strongly rely on a
balanced two-phase microstructure consisting of approximately
equal amount of austenite and ferrite (Ref 2).

Passivity is an important factor in determining the ability of
stainless steel to resist corrosion. Investigation of the electro-
chemistry of a passivated metal can reveal not only the structure
and composition, but also the electrochemical corrosion behavior
of the film (Ref 2, 3). The passive film formed spontaneously on
stainless steel surface has been widely studied by analysis
techniques (Ref 3, 4). Pitting corrosion is a major cause of the
stainless steel failure in various industrial applications. It is well
known that under the action of aggressive ions, i.e., chloride
anion, local breakdown of passivity occurs, mainly at sites of
local heterogeneities, causing pitting corrosion (Ref 5). The
growth of corrosion pits of stainless steel has been divided into
three consecutive steps: initiation, metastable propagation, and
stable propagation of pits (Ref 4).

Chromate used to be an efficient oxidant for metal and alloy
passivation, but its use has been banned due to its toxicity. It
can passivate metal by forming monatomic or polyatomic oxide
film on the metal surface (Ref 6, 7). The chromates are very
good inhibitors of pitting corrosion in stainless steels (Ref 7). A
previous work (Ref 6-10) reported the effect of chromate on
electrochemical and corrosion behavior of stainless steel.

However, the pitting behavior of 2205 DSS in high concen-
tration NaCl solution with addition of chromate has not been
fully discussed.

In this study, the electrochemical behavior of 2205 DSS in
1 M NaCl solution with the presence of chromate was studied
by electrochemical measurements in terms of potentiodynamic
polarization, electrochemical impedance spectroscopy (EIS),
and Mott-Schottky (M-S) technique. The role of this study is to
establish a relationship between the chromate presence and
pitting susceptibility. It is expected that the research would
provide insight into the corrosion mechanism, in particular, the
passivity and pitting of 2205 DSS in NaCl solution with
different contents of chromate.

2. Experimental

2.1 Electrode and Solutions

All the specimens used in this study were fabricated from a
sheet of 2205 DSS with the thickness of 5 mm. The chemical
composition (wt.%) is shown in Table 1. The test specimens
were embedded in epoxy resin with an exposed working area of
1 cm2 for electrochemical measurements. The working surface
was polished mechanically using successive grade emery
papers up to 2000 grit. Then, the surface was polished with
0.1 lm alumina polishing powder, degreased with alcohol,
cleaned in water, and finally dried in air.

The test solutions were 1 M NaCl solution with addition of
0.001, 0.005, 0.01, 0.03, 0.05, 0.1, 0.3, and 0.5 M Na2CrO4.
All solutions were prepared from analytical grade and chem-
ically pure reagents.

2.2 Electrochemical Measurements

Electrochemical measurements were performed using a PAR
2273 electrochemical system on a conventional three-electrode
cell. The specimen was used as working electrode (WE), a
platinum plate was used as counter electrode (CE) and a
saturated calomel electrode (SCE) equipped with Luggin
capillary was used as reference electrode (RE). All the
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potentials reported in this study were referred to the SCE.
Before each measurement, the solution was purged with pure
nitrogen for 1 h. In order to guarantee the reproducibility of the
data, the electrochemical measurements were repeated at least
three times. All the electrochemical tests were conducted at
room temperature.

2.2.1 Potentiodynamic Polarization Curves. Prior to the
measurement, the specimens were cathodically polarized at
�0.8 V for 15 min to remove the pre-existing oxide film. The
potentiodynamic polarization tests were conducted at a scan-
ning rate of 1.5 mV/s from �0.8 V to a very anodic potential.
Various electrochemical parameters were obtained from the
polarization curves, i.e., corrosion potential (Ecorr), corrosion
current density (Icorr), passive current density (ip), and pitting
potential (Ep), the potential at which the current density
exceeded 100 lA/cm2 is defined as pitting potential.

2.2.2 EIS Measurements. The EIS was measured at open
circuit potential (OCP) with a sinusoidal excitation potential of
10 mV in the frequency range from 100 kHz to 10 mHz. The
measured EIS data was fitted by using Zview 2.70 software.

2.2.3 Mott-Schottky Analysis. M-S curves were obtained
by measuring the capacitance of the passive film at a rate of
15 mV/step. The potential was scanned in the potential range
from �600 to 1100 mV. An AC voltage of 10 mV (peak-
to-peak) in frequency of 1000 Hz was applied to the system.

M-S plots are based on the M-S relation, which describes
the potential dependence of the space charge capacity, C, of a
semiconductor electrode under depletion condition (Ref 11)
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¼ � 2

eNee0
DEj j � kT

e

� �
; ðEq 1Þ

where negative sign is for p-type and positive sign for n-type
conductivity, e is the electron charge, N is the donor density
for n-type semiconductor or the acceptor density for p-type
semiconductor, e is the relative dielectric constant of the
semiconductor, e0 is the vacuum permittivity, 8.85910�12 F/m,
k is the Boltzmann�s constant, and T is the absolute tem-
perature. |DE| = |E�Efb|, E is the electrode potential and Efb

is the flat band potential. The donor or acceptor concentration
and flat band potential can be determined from the experi-
mental C�2�E plot. The type of the semiconductor also can
be determined by the sign of the slope of C�2�E plot.

3. Results

3.1 Microstructure Characterization

Prior to the microstructure observation, the specimen was
etched in aqua regia (VNitric acid:VHydrochloric acid = 1:3) solution.
Figure 1 shows the metallographic structure of 2205 DSS,
which contains austenite and ferrite phases. The white region in
Fig. 1 corresponds to austenitic phase, while the gray region is
ferritic phase. And the island-like austenite is embedded in the
continuous ferritic matrix.

3.2 Open Circuit Potential Measurements

Figure 2 shows the OCP of 2205 DSS in 1 M NaCl solution
with different contents of chromate. It is seen that OCP shifted
gradually to negative direction with the increasing of chromate
concentration. The OCP value in the absence of chromate is
�250 mV. The OCP values measured in NaCl solution with
chromate (<0.03 M) is positive than that measured in the
absence of chromate. While the OCP measured in NaCl
solution with chromate (>0.03 M) is negative than that
measured in the absence of chromate. Thermodynamically,
the more negative the OCP, the higher tendency the corrosion
takes place.

3.3 Potentiodynamic Polarization Curve Measurements

Figure 3 shows the anodic part of polarization curves of
2205 DSS in 1 M NaCl solutions with and without chromate.
There is an anodic oxidation peak at �0.75 V, which probably
attributes to the formation of Cr2O3 (Ref 10, 12) on the
electrode surface:

Table 1 Chemical composition of 2205 duplex stainless
steel (wt.%)

C P S Cr Ni N Mo Mn Si Fe

0.014 0.023 0.001 22.39 5.68 0.17 3.13 1.38 0.39 Balance

Fig. 1 Metallographic structures of 2205 duplex stainless steel
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Fig. 2 Open circuit potential of 2205 duplex stainless steel in NaCl
solutions with different Na2CrO4 concentrations
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2CrO2�
4 þ 10Hþ þ 6e! Cr2O3 þ 5H2O ðEq 2Þ

Similar results were obtained by Igual Muñoz et al. (Ref 10)
and Carmezim et al. (Ref 13).

The potentiodynamic polarization curves of the 2205 DSS in
1 M NaCl solutions containing 0, 0.001, 0.01, 0.1, and 0.5 M
chromate are shown in Fig. 4. It is found that polarization
curves have the similar trends with different concentration of
chromate. They are characterized by an extreme low anodic
current density and wide range of passive regions (�450 to
1100 mV).

Figure 5 shows the passive current density of 2205 DSS in
NaCl solution with different concentrations of chromate. The ip
measured in NaCl solution without chromate is 0.8 lA/cm2,
which is much higher than that with addition of chromate.
There is a critical chromate concentration of 0.03 M, where the
ip is the smallest. Chromate can passivate steel surface by
forming insoluble films as well as promote corrosion by
activating cathodic reaction (Ref 10, 12, 14). As shown in
Fig. 5, when the chromate concentration is 0.03 M (from 0.001
to 0.5 M), the passive current density reaches minimum value.
Combined with the OCP values shown in the Fig. 2, the
chromate in high concentration is corrosion accelerator and in
low concentration as corrosion inhibitor.

Figure 6 shows the relationship between chromate concen-
tration and pitting potential. It is seen that pitting potential
increased with decreasing of chromate concentration. The
pitting potential in the absence of chromate is 1.12 V.
Therefore, the pitting potential in solution with chromate
(<0.03 M) is positive than that measured in the absence of
chromate. While the pitting potential in solution with chromate
(>0.03 M) is negative than that in the absence of chromate.
This result further confirms that chromate acts as a corrosion
inhibitor for 2205 DSS at low chromate concentration, and acts
as corrosion accelerator at high concentration.

3.4 SEM Observations

Figure 7 shows the surface morphologies of the samples
after electrochemical tests. Some pits are observed on the
surface. As shown in Fig. 7(a)-(e), the number and diameter of
the pit decreased when the chromate concentration increased
from 0 to 0.03 M, and then increased as the chromate
concentration increased from 0.03 to 0.5 M. With consideration
of the passive current density, the most stable passive film was
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Fig. 3 Potentiodynamic polarization curves of 2205 duplex stain-
less steel: (a) in 1 M NaCl solution and (b) in NaCl solutions with
0.1 and 0.5 M Na2CrO4
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Fig. 4 Potentiodynamic polarization curves of 2205 duplex stain-
less steel in 1 M NaCl solutions with 0, 0.001, 0.01, 0.1, and 0.5 M
Na2CrO4
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obtained in NaCl solution with 0.03 M chromate. Therefore,
the corrosion behavior, i.e., passive film formation, pitting
corrosion, of 2205 DSS is heavily dependent on the chromate
concentration.

3.5 Mott-Schottky Analysis

Figure 8 shows the M-S plots of the passive film formed on
2205 DSS surface in 1 M NaCl solution without chromate.
In zone (I), the positive slope indicates that the passive film is
n-type semiconductor, in zone (II), the negative slope indicates
that the passive film is p-type semiconductor (Ref 14).

The M-S plots of the passive film formed on the sample
surface in 1 M NaCl solution containing different concentra-
tions of chromate are shown in Fig. 9. All the M-S plots are
characterized by three zones: zone (I) and (III) with same
characteristics are n-type semiconductor, while zone (II) is
p-type semiconductor. The existence of negative and positive
slopes in the curves has been interpreted as the representative of
a capacitance behavior. With an inner p-type semiconducting
region formed by chromium oxide and an outer n-type
semiconducting region formed by iron oxide (Ref 15, 16). At
the potential between 0.3 and 0.85 V, the type of semiconductor
changes from p-type to n-type, indicating the main components
of passive film change from chromium oxide to iron oxide with
potential.

According to Eq 1, the acceptor (NA) or donor densities
(ND) can be calculated by using the slopes of the straight lines
in different regions. The calculated results are summarized in
Table 2. According to results of Table 2, the passive film
presents a high density of doping species, doping species are
structural defects, such as cations, anion vacancies, and
interstitial cations (Ref 15). The acceptor and donor densities
of the passive film formed in NaCl solution without chromate
are higher than that containing chromate. The passive film
formed in NaCl solution without chromate exhibits extremely
high donor densities (1-391021 cm�3), revealing that the film is
highly conductive. This result is consistent with the results
obtained in previous work (Ref 17). In the presence of
chromate, the donor density drops by one order of magnitude
first and then increases gradually, as a result of different
susceptibilities to pitting corrosion.

3.6 Electrochemical Impedance Spectroscopy
Measurements

Impedance spectra were measured at OCP immersed in
solutions for 1.5 h. Figure 10 and 11 show the Nyquist and
Bode plots of the samples in various solutions, respectively.
This type of diagram is usually interpreted as a mechanism of
charge transfer on an inhomogeneous surface (Ref 10, 18). As
shown in Fig. 10, the capacitive loops for specimens were
broad with adding the concentration of chromate below
0.03 M, indicating better film stability. However, when the
chromate above 0.03 M, up to 0.1 M or even higher, the
stability of film became weaker.

As shown in Fig. 11, most Bode diagrams consist of two
well-defined time constants. The two time constants could be
related to two different processes, the first one, obtained in high
frequency range, associates with the passive film formed on the
sample surface, and the second one, obtained in low frequency
range, associates with the charge transfer at substrate/film
interface (Ref 18-20).

An electrical equivalent circuit (EEC) showed in Fig. 12 is
proposed to interpret the EIS results. This equivalent circuit has
been proposed for interpreting the corrosion process of
austenitic stainless steels with passive film (Ref 10, 21-23).
Rct is charger transfer resistance. CPEdl represents the capac-
itance of the passive layer including the defects. CPEfilm is the
subsequent passive layer on the metal surface. Rfilm is the
passive film resistance, which is used to describe the adsorption
of inhibitor. The non-ideal electric behavior is taken into
account by introducing a constant phase element (CPE). CPE is
defined in impedance representation as:

ZðxÞ ¼ Z0ðixÞ�n; ðEq 3Þ

where Z0 is the CPE constant, x is the angular frequency,
i2 = �1 is the imaginary number, and n is the CPE exponent.
The factor n, defined as a CPE power, is an adjustable param-
eter that always lies between 0.5 and 1. If n = 1, the CPE
describes an ideal capacitor; for 0.5< n< 1, the CPE describes
a distribution of dielectric relaxation times in frequency
space; when n = 0.5, the CPE represents a Warburg imped-
ance with diffusion character. This model assumes that the
passive film does not totally cover the metal surface and can-
not be considered as a homogeneous layer but rather as a
defective layer. In fact, neither real surfaces of solids in the
active range nor passive films on metallic substrates can be
considered to be ideally homogeneous (Ref 24).

The fitted parameters are listed in Table 3. Rct increased with
the increasing of chromate concentration when the chromate
concentration is <0.03 M, the Rct reached a maximum value
when the chromate concentration is 0.03 M, then the Rct

decreased with the increasing of chromate concentration. The
value of CPEdl increased with the increasing of the chromate
concentration, the increase in CPEdl values was caused by the
adsorption of chromate (Ref 7, 10, 25).

4. Discussion

4.1 The Effect of Chromate on the Passive Film

Figure 8 shows the M-S plots of the passive film formed on
the 2205 DSS in 1 M NaCl solution. In the zone (I), the
positive slope is a characteristic of the n-type semiconductor,
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whereas, in the zone (II), the negative slope is the characteristic
of the p-type semiconductor (Ref 14).

The M-S plots of the passive films formed on the samples in
1 M NaCl containing different concentration of chromate are
shown in Fig. 9. All the M-S plots display three zones: zone (I)
and (III) shows one of the characteristics of n-type semicon-
ductors, while zone (II) shows the characteristic of p-type
semiconductors. The existence of negative and positive slopes
in the curves has been interpreted as the representative of a
capacitance behavior. With an inner p-type semiconducting
region formed by chromium oxide and an outer n-type
semiconducting region formed by iron oxides (Ref 15, 16).

At the potential between about 0.3 and 0.85 V, the type of
semiconductor changes from p-type response to n-type, indi-
cating the main components of passive film also change from
chromium oxides to iron oxides.

From the slope of the straight lines in different zones of
C�2�E plots, the donor and acceptor densities of the passive
film layers developed in NaCl solutions with different concen-
trations of chromate can be estimated. The data listed in Table 2
shows that the value of the donor and acceptor densities are
much higher in NaCl solution without chromate than that in
NaCl solution with chromate, the donor density drops by one
order of magnitude in the presence of the chromate. In this

Fig. 7 SEM images of 2205 duplex stainless steel after polarization in NaCl solutions with (a) 0 M CrO4
2�, (b) 0.001 M CrO4

2�, (c) 0.005 M
CrO4

2�, (d) 0.01 M CrO4
2�, (e) 0.03 M CrO4

2�, (f) 0.05 M CrO4
2�, (g) 0.1 M CrO4

2�, (h) 0.3 M CrO4
2�, and (I) 0.5 M CrO4

2�
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sense, as the donor or acceptor increased, the chloride ions have
higher possibility to attack the passive film, consequently,
leading to the occurrence of pitting corrosion.

According to the point defect mode (Ref 26), the chloride
ions are transferred from the electrolyte to the oxygen vacancies
in the outer passive film, decreasing their concentration and
increasing in turn the number of cation vacancies. The chloride
ions can be adsorbed from the electrolytic solution into the
metallic sites (M) of the oxide, producing cations vacancies
(VM) according to the following reactions (Ref 27):

MðfilmÞ þ Cl�ðsolÞ ! MCl�ðadsÞ þ V 2�
M ðfilmÞ ðEq 4Þ

MClþðadsÞ ! M 2þðsolÞ þ Cl�ðsolÞ ðEq 5Þ

Thus, there was more oxygen vacancies in the passive film
formed in the NaCl solution. The higher donor concentration of
passive film, the more oxygen vacancies there are in the passive
film. Oxygen vacancies in the passive film can absorb chloride

Fig. 7 Continued
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ions, which leads to the breakdown of the passive film.
Therefore, the results obtained from the M-S plots show that the
donor density characterizes the affinity of chloride ions for the
passive film. These may assume that the sensitivity to pit
nucleation increases with the affinity, or occurs when the cation
vacancies concentration exceeds a critical value. Therefore,
donor density may also feature the pit nucleation ability.

The Bode diagrams of 2205 DSS measured in chromate-
containing NaCl solutions are characterized by two times
constants due to the addition of chromate resulting in the
formation of passive film layer, the same conclusion was
obtained by Igual Muñoz et al. (Ref 7). From the fitted EIS
results in Table 3, the variation of Rct shows that there is a
maximum charge transfer resistance when the chromate
concentration is 0.03 M, indicating that the passive film formed
in NaCl solution with 0.03 M chromate has the highest
corrosion resistance.

The value of CPEdl increases with the increasing of
chromate concentration in chromate-containing NaCl solutions.
All the CPEdl values measured in chromate-containing NaCl
solutions are lower than that in NaCl solution without
chromate. In physical terms, CPEdl can either be associated
with the capacitance of a compact dielectric oxide film or
correspond to the double layer capacitance over the fraction of
the area left uncovered by the passivating film (Ref 28). The
increase in CPEdl leads to decrease in local dielectric constant or
increase in the thickness of the electrical double layer (Ref 7, 8).

Isaacs et al. (Ref 29) proved that Cr(VI) only weakly adsorbed
on passive films and could not withstand simple washing of the
surface except after exposure to concentrated solutions and
only when the growth rate of the oxide has dropped. This
means that under these conditions, the Cr(VI) is probably
incorporated into the oxide, forming an improved stability
against the aggressive ions. In this study, the increase of CPEdl

indicates that the exposed area increased may be also due to
pitting corrosion. The CPEdl values also correlate with the
adsorption of chromate (Ref 30).

The ndl provides a strong capacitive response of the metal/
electrolyte interface. If ndl is accepted to be a measure of
surface inhomogeneity, then its decrease should be related to
certain increase in heterogeneity resulting from metal surface
roughening. ndl increases as chromate concentration increased
when the chromate concentration is <0.03 M, while ndl
decreases with chromate concentration when the chromate

Rs CPEdl

Rct CPEfilm

Rfilm

Fig. 12 Electrical equivalent circuit for analysis of EIS results

Table 2 The donor (ND) or acceptor (NA) densities of
passive films formed on 2205 duplex stainless steel in 1 M
NaCl solutions with different concentrations of Na2CrO4

Passive
film Concentration

ND and NA

(1020 at. cm22)

I II III

2205 1 M NaCl 16.88 24.63 …
1 M NaCl + 0.001 M Na2CrO4 1.623 2.344 1.274
1 M NaCl + 0.005 M Na2CrO4 4.266 5.473 2.036
1 M NaCl + 0.01 M Na2CrO4 6.028 8.576 4.265
1 M NaCl + 0.05 M Na2CrO4 6.365 8.891 4.289
1 M NaCl + 0.1 M Na2CrO4 6.564 9.881 3.965
1 M NaCl + 0.5 M Na2CrO4 7.381 10.57 4.524
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with different concentrations of Na2CrO4
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concentration is >0.03 M, indicating that the capacitive
interface is weakened, because the passive layer became more
conductive with the increasing number of opening pits (Ref 7, 10).

The relationship between C, dielectric constant and the
thickness of the passive films is as follows (Ref 23):

C ¼ ðQRÞ
1=n

R
ðEq 6Þ

d ¼ ee0A
C

ðEq 7Þ

where e0 is the permittivity of vacuum, e is the dielectric con-
stant, A is the effective area, Q is the CPE values, and d is
the thickness of electrical double layer. It is difficult to obtain
an accurate thickness, but the passive film thickness is pro-
portional to 1/CPEfilm. Hence, the capacitive responses in
solution with different concentrations of chromate can provide
an indication of the thickness of passive film. The passive
film thickness increased with the increasing of chromate con-
centration. On the contrary, the passive film thickness
decreased with the increasing of chromate concentration when
the chromate concentration is >0.03 M, which may be due
to the fact that the capacitive interface was weakened and the
increasing number of opening pinholes (Ref 20). The
decrease of Rfilm on one hand may be attributed to the corro-
sion rate increase, and on the other hand to the probable
desorption of the inhibitor (Ref 10, 31). The EIS results are
in agreement with the M-S and polarization curves results.
Furthermore, the SEM results also proved that the best pas-
sive film with only few metastable pits was obtained in NaCl
solution with 0.03 M chromate.

4.2 The Effect of Chromate on the Pitting

2205 DSS was spontaneously passivated in NaCl media,
which is in accordance with its high corrosion resistance. The
passivity properties were enhanced by the chromate, which can
be proved quantitatively by the ip. The ip of 2205 DSS in 1 M
NaCl solution without chromate is about 0.8 lA/cm2, and then
became much lower by adding different concentrations of
chromate. The inhibiting effect of chromate can be explained
on the basis of the competitive adsorption between the
inorganic anions and the aggressive Cl� ions on the passive
electrode surface. According to the possible reactions, chromate
reduction products are expected to deposit on the metal surface,
especially at the sites of inclusions, which are supposed to be
more active than the rest of the surface.

As the potential reaches Ep, the ip rises steeply without any
sign of oxygen evolution. The breakdown of the passive film
and the initiation of pitting attack could be due to the ability of
Cl� ions to penetrate the passive film. With the assistance of a
high electric field, Cl� ions can across the passive film and
attack the surface of metal substrate. Or the Cl� ions would
displace the adsorbed passivating species at some locations as a
result of accelerating local anodic dissolution (Ref 10).

With the addition of chromate <0.03 M, the increasing of
chromate concentration leads the Ep shifted toward the positive
direction. This suggests that the chromate blocks the reactive sites
on the surface of 2205 DSS. The inhibition behavior of chromate
may be explained by the difference between the polarizability of
chromate and chloride ions (Ref 6, 32). The CrO4

2� anions have
higher specific adsorption than the Cl� ions, which means that
CrO4

2� anions can displace the adsorbed Cl� ions to increase the
protectiveness of the passive film. Refaey (Ref 33) also obtained
the similar conclusion in chloride-containing solutions. How-
ever, when the chromate concentration is>0.03 M, Ep shifted to
negative direction and ip began to increase. The increasing of
chromate concentration leads the Ep shifted toward the negative
direction,whichmeans that theDSSbecomesmore susceptible to
pitting corrosion. The chromate inhibiting effect decreases due to
it acts as a cathodic polarizer when the chromate in high
concentration (Ref 34). The SEM images provide direct evidence
to prove the electrochemical results, it has been established that
chromate affected pit nucleation by reducing the total number,
and size of corrosion pit.

5. Conclusions

The 2205 DSS can be passivated in 1 M NaCl solution no
matter with or without chromate. The addition of chromate is
able to enhance the passivity of the 2205 DSS. The electro-
chemical behavior of 2205 DSS is heavily dependent on the
chromate concentration.

The presence of chromate improves the stability of passive
film; the most stable passive film was formed in 1 M NaCl
solution with 0.03 M chromate. The addition of chromate
changes semiconducting properties of the passive film. The
passive film formed in NaCl solution without chromate only
has two zones, while the passive film formed in NaCl solution
with chromate is characterized by three zones. The semicon-
ducting property of the passive film is potential-dependent,
Fe-rich n-type oxide and Cr-rich p-type oxide dominated at
different potential ranges.

Table 3 EIS fitted parameters of 2205 duplex stainless steel in 1 M NaCl solutions with different concentrations
of Na2CrO4

Solution Rs Rct CPEdl ndl CPEfilm nfilm Rfilm

1 M NaCl 3.73 435 5.505E�05 0.8266 3.966E�05 0.8305 4.656E+05
1 M NaCl + 0.001 M Na2CrO4 1.25 2914 4.407E�05 0.8306 3.145E�05 0.8803 6.106E+05
1 M NaCl + 0.005 M Na2CrO4 2.38 3650 4.438E�05 0.8516 3.178E�05 0.8712 6.089E+05
1 M NaCl + 0.01 M Na2CrO4 2.48 4700 4.508E�05 0.8519 3.365E�05 0.8517 5.249E+05
1 M NaCl + 0.03 M Na2CrO4 2.50 4730 4.528E�05 0.8520 3.505E�05 0.8402 4.895E+05
1 M NaCl + 0.05 M Na2CrO4 2.45 4706 5.579E�05 0.8029 4.307E�05 0.8289 4.006E+05
1 M NaCl + 0.1 M Na2CrO4 3.81 4700 5.654E�05 0.7935 4.826E�05 0.8274 3.599E+05
1 M NaCl + 0.3 M Na2CrO4 4.35 4225 5.642E�05 0.7891 4.834E�05 0.8101 3.344E+05
1 M NaCl + 0.5 M Na2CrO4 4.92 3833 5.742E�05 0.7591 4.898E�05 0.7889 3.054E+05
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There was a critical chromate concentration value of 0.03 M
in the 1 M NaCl solutions, below which the pitting suscepti-
bility on the stainless steel would be inhibited and above which
it would be accelerated. Moreover, the variation of chromate
concentration changes pit number, pit size, as well as the
frequency of occurrence of pit.
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Inorganic Inhibitors of Copper, Nickel and Copper-Nickels in Aqueous
Lithium Bromide Solution, Electrochim. Acta, 2004, 50, p 957–966

9. Y.F. Cheng and J.L. Luo, Passivity and Pitting of Carbon Steel in
Chromate Solutions, Electrochim. Acta, 1999, 44, p 4795–5804
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