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Two cast superduplex stainless steels were aged at 850°C for different times. The effect of aging on
the electrochemical behaviour and hardness of both steels has been investigated. A comparative study
between the two steels was carried out considering the difference in chemical composition between the
alloys, that is, the presence of copper and tungsten in the 6A steel. Corrosion resistance was evaluated by
potentiodynamic polarization test, electrochemical impedance spectroscopy and Mott Schottky analysis.
The results showed the beneficial effect of 0.99%pCu and 0.70%pW addition to the cast SDSS retarding
the embrittlement of the 6A steel aged at 850°C for 10 hours. The characteristic mechanism of localized
corrosion in the aged samples for both materials was the selective dissolution of the ferrite phase.
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1. Introduction

Energy, naval, petrochemical and nuclear industry sectors
have their principal activities centralized in environments
of extreme conditions of temperature, pressure, dissolved
gases, chloride ion concentration and stress, which require
materials with high mechanical and corrosion resistance'.
Super duplex stainless steels (SDSS) are materials that
provide a better response to the necessities of these sectors.

Among its main characteristics, SDSS presents a biphasic
structure - formed proportionally by ferrite and austenite
phases -, high toughness, good stress corrosion cracking in
chloride environments, and values higher than 40 for the
Pitting Corrosion Equivalent Number (PREN), which gives
the material excellent resistance to this kind of localized
corrosion®. PREN values are defined from alloy chemical
composition, being for alloys with and without the addition of
W respectively, PREN = %Cr + 3,3. (%Mo + 0,5. %W) + 16.
(%N) and PREN = %Cr + %Mo + 16. (%N)>*.

Stainless steels (SS) possess high corrosion resistance,
characteristic attributed to the protective effect of the
passive film formed on their surface”®. However, the
corrosion resistance of SS is influenced by factors such
as environment characteristics (presence of chloride
ions, pH, temperature, dissolved gases, e. g.), chemical
composition and thermal history of the alloy, superficial
defects, and inclusions®!2. SS shows a composition
rich in alloying elements, such as chromium, nickel,
molybdenum, carbon, copper, titanium, and manganese.

*e-mail: hillane lima@ufca.edu.br

Therefore, when exposed to certain temperature ranges,
precipitation of secondary phases can occur, modifying the
expected properties of the material'*!°, Among the secondary
phases, sigma (o) phase is the most important because of
its considerable precipitation and the negative effect on
the mechanical properties and corrosion resistance'>'°.

The precipitation of the sigma (o) phase may occur in
temperatures between 600°C and 1000°C, preferentially
in regions of high energy, such as: ferritic (o/a) or
ferritic-austenitic (a/y) grain boundaries, grain boundary
triple junctions and dislocation'’. Also, it is possible its
precipitation from the y phase, this acting as a nucleus'®.
In steel A890 grade 6A, for instance, its formation was
observed between 700°C and 940°C'. Sigma is a phase
harmful to the performance of SDSS that presents high
hardness and brittleness, currently associated with the
reduction of toughness and a decline in the corrosion
resistance of the material'*%.

Growth of the sigma phase occurs through the consumption
of ferrite phase, due to the small activation energy required for
the diffusion of chromium and molybdenum, elements in which
the sigma phase is rich. As a consequence of this, regions with
depletion of these elements are generated adjacently at the sigma
phase, which, especially in the case of chromium — passivating
element -, means a passive film less stable and less protector.

Some duplex stainless steels count on adding
0.5-1.0 wt.% copper to improve their corrosion resistance.
However, the conclusions about the effect of this element
in chloride media still are controversial and unclear?>.
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Furthermore, although much has been studied about the effect
of the sigma phase on the corrosion resistance of stainless
steels, little is known about the effect of the presence of
copper in the steel on the precipitation of this phase.

Thus, this work aims to evaluate the effects of the addition
of copper on the sigma precipitation, and its impact on the
corrosion resistance of super duplex stainless steels ASTM
A890/A890M grades 5A (0.3 wt.% Cu) and 6A (0.99 wt.% Cu).
The steels were aged at 850°C for 10 minutes, 1 hour, and
10 hours. The corrosion resistance of the samples was
evaluated by electrochemical tests of potentiodynamic
polarization, electrochemical impedance spectroscopy (EIS)
and Mott-Schottky analysis in 0.6 mol/L NaCl solution.
The samples of both alloys in different conditions were
characterized by optical microscopy (OM), scanning electron
microscopy (SEM) and microhardness Vickers.

2. Experimental

The materials used were two cast Super Duplex Stainless
Steels (SDSS) ASTM A890/A 890/M grades 5A and 6A.
The chemical composition and their pitting resistance
equivalent number (PREN) values are given in Table 1.
The as-received alloys were cut by abrasive discs, solution
annealed at 1200°C for 1 hour in a muffie furnace, followed
by water quenching. This procedure ensures complete
dissolution of the possible precipitates in the ferrite matrix
and at a/y interfaces. After solution treatment, some samples
of both materials were aged at 850°C for 10 min, 1h, and 10h.

By optical microscopy (OM) the heat-treated samples
had their microstructure investigated. The specimens for
metallographic observations and Vickers microhardness
(HV) tests were superficially abraded with silicon carbide
papers up to 1200 mesh and then polished with diamond paste
from 6 pm to 1 um. Their microstructures were sequentially
revealed using the Beraha reagent (80mL distilled water,
20mL HCI, and 1g of potassium metabisulfite). Hardness
measurements were performed using the Vickers method to
evaluate changes in hardness that may indirectly indicate
precipitation of the sigma phase in both alloys and correlate
them with the aging treatment time. Each specimen was
tested with a 0.1 Kgf load for 10s, with ten measurements
performed for each ferritic and austenitic phase.

Corrosion resistance of the heat-treated materials was
evaluated by potentiodynamic polarization test, electrochemical
impedance spectroscopy (EIS) and Mott-Schottky
analysis in 0.6 mol/L NaCl solution at room temperature.
These tests occurred in a conventional three-electrode
system: the specimen analyzed as the working electrode,
platinum (Pt) grid as the counter electrode and saturated
KCl silver/silver chloride (Ag(s)|AgCl(s)|ClI(KCl sat.))
as the reference electrode. The working electrode was
constructed using the samples embedded in epoxy
resin with electrical contact established by a copper wire.
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Before electrochemical tests, the working electrodes
were abraded with silicon carbide paper up to 600 mesh,
degreased with alcohol, washed with distilled water and
dried with hot air. The interface between sample and resin
was isolated with transparent nail lacquer leaving an area
of 0.5 cm? exposed to the test. The interface isolation
prevents crevice corrosion during measurements.

The electrochemical tests were initiated after monitoring
open circuit potential (OCP) for 3600 s, when potential
approaches a nearly steady-state. Potentiodynamic
polarization tests were performed at a scan rate of
1.0 mV/s from OCP until reaching a current density of
1.0 mA. By the end of the measurement, the surface of
the specimen was observed by SEM. EIS was performed
at the corrosion potential with a frequency range from
100 kHz to 2.5mHz with 7 points/decade, and a signal
amplitude perturbation of 20 mV. Mott—Schottky analysis
was performed at a frequency of 10 Hz using an excitation
voltage of 10 mV. These measurements were conducted
in potentiostat-galvanostat Autolab models PGSTAT302N
and PGSTAT101 with NOVA® software support. Each
experiment was conducted at least three times to ensure
consistent data. All tests showed good reproducibility.

3. Results and Discussion

In order to determine the morphology and distribution
of o and y phases for different heat treatment conditions,
the microstructure of SDSS 5A and 6A was revealed.
Microstructural examinations were carried out using optical
microscope as shown in Figure 1. The solubilized samples
5A and 6A present a typical duplex steel microstructure:
austenite islands (bright phase) distributed in a ferritic
matrix (dark phase). For the aging conditions at 850°C
(for 10 minutes, 1 hour, and 10 hours), the appearance
of brighter precipitates in the ferritic phase can be
observed. The sigma phase occurs within or close to the
ferrite grains due to its higher solubility of chromium and
molybdenum?®, which are formers of the sigma phase.
The sigma phase emerges from the phase transformation
d — o (ferrite to sigma phase) with precipitation of sigma
phase in the high Cr-concentrated region of ferrite, being
formed directly from this phase. The bright appearance
after the attack is explained by the greater resistance of
these precipitates to chemical attack, a consequence of the
higher content of Cr present in this phase®.

Sigma-phase precipitation is already observed for the
shortest aging time (10 minutes) at 850°C in the microstructure
of both alloys. The easy sigma phase precipitation is associated
with the high Cr and Mo content in both alloys'?. With
increasing aging time at 850 °C, it was observed a greater
tendency for sigma phase precipitation. This result is more
pronounced for 5A steel, which can be attributed to the
difference in chemical composition between the alloys.

Table 1. Chemical composition for the SDSS (wt.%) and their respective PREN values.

SDSS C Cr Ni Mn Si Mo Cu w N Fe PREN
5A 0,028 25,51 7,84 0,96 0,75 4,25 0,30 - 0,229 Bal. 43,19
6A 0,029 26,11 8,23 0,72 0,88 3,63 0,99 0,70 0,221 Bal. 42,77
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Figure 1. Optical micrographs of the microstructures of 5A and 6A steels.
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This result it is possibly related to the higher copper content
in this alloy. A similar result was observed by Wegrzyn
and Klimpel®”. The authors developed a study focused on
the relationship between the addition of alloying elements
Cu, W, V, Si, Nb, and the occurrence of the sigma phase,
concluding especially on the retarding effect of Cu on the
precipitation of this deleterious phase.

Vickers microhardness tests were carried out to verify
indirectly the precipitation of the sigma phase and the effect
of this phase on the hardness of the studied alloys. The results
are shown in Figure 2. From the average microhardness
values for the SA and 6A steels, it is possible to notice that
the samples in the aged condition showed higher hardness
value for the ferrite phase than solubilized samples. Higher
hardness values can be associated with the presence of the
sigma phase, which is precipitated from within the grain
of the ferrite phase and along the ferrite /austenite phase
boundaries®. Relating hardness to treatment time, the
relationship between these variables is precise, showing that
longer aging times result in greater hardness, and, finally,
greater sigma phase precipitation. Similar results were described
by other studies®**!. Additionally, for the aged samples, the
increase in hardness values of the ferrite phase was greater
in steel 5A, confirming a lower formation of the sigma phase
for the steel 6A observed in the metallographic analysis.

Figure 3 shows the cathodic and anodic potentiodynamic
polarization curves of the two SDSS in different heat treatments
conditions in 0.6 mol/L NaCl solution at room temperature.
In all curves it was not observed the active-passive transition.
The polarization curves indicate the electrochemical behaviour
superior of the solubilized samples to the aged samples. In
the solubilized condition the polarization curves of samples
are characterized by a larger passivation region, starting
around 100 mV extending to higher potential values (circa
1.0 V (vs. Ag(s)|AgCI(s)|CI(KCI sat.)). Moreover, during
the anodic scan the passive current density are very small,
indicating greater stability and good protection efficiency
of the passive film formed on the surface of the solubilized
samples in the corrosion and passive potential domain. The
increase in current observed at potentials close to 1.0 V may
be linked to the anodic currents referring to the oxygen
evolution on the surface of the material. This phenomenon
causes an increase in current density, as a consequence
of the generation of oxygen bubbles close to the surface,
which facilitates the breaching of the passive film and the
consequent nucleation of pits’>*.

The polarization curves of samples heat treated at 850°C
showed an instability in the passive region, peaks with low
current density values and short duration, indicating nucleation
of metastable pitting, and a reduction of that region®*. Such
behaviour can be justified by the presence of precipitates
due to the aging of the samples. The presence of the sigma
phase in the aged samples damage the stability of the passive
film, since its precipitation results in poor adjacent regions
in Cr and Mo™®. This instability was not observed for the
solubilized samples.

The pitting potential and current density data and
their respective standard deviations obtained from the
polarization curves are presented in Table 2. High potential
values indicate lower susceptibility to pitting corrosion.
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It is possible to observe that the aging at 850°C caused a
reduction in the pit potential values of the samples compared
to the solubilized condition samples. The two steels presented a
similar behaviour between the samples aged for 10 min and 1 hour.
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Figure 2. Microhardness values in ferritic regions of the samples of
SDSS grade 5A and 6A, solubilized condition (none aging) and aging
at 850°C for 10 minutes (10 min), 1 hour (1h), and 10 hours (10h).
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Figure 3. Potentiodynamic polarization curves of (a) SA and
(b) 6A SDSSs in 0.6 mol/L NaCl solution.
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Furthermore, a more noble behaviour for the 5A steel was
observed. However, the difference between the values obtained
is small in each condition. This result shows that the addition
of 0.99%pCu and 0.70%pW to the 6A steel doesn’t seem to
cause changes in the electrochemical behaviour during the
initial stage of aging at 850°C for up to 1 h.

Increasing the aging time to 10 h, an increase in
the values of current density in the passivation region
for the 5A steel is observed. The superior behaviour of
alloy 6A is associated to lower sigma phase precipitation,
as observed in metallographic analysis and indirectly by
hardness measurements. This result may be related to the
addition of Cu and W in this steel. Copper and its role in
the corrosion resistance of alloys is still a subject of much
contradiction. However, several studies have demonstrated
the beneficial effect of this element. Jeon et al.’, in their
studies with hyper duplex stainless steels (HDSS), report
that additions of W to HDSS decrease the total amount
of secondary phases when compared to the base alloy.
This result suggests that the increase in W retards the
precipitation of the secondary phases, especially sigma
phase. In a complementary work about HDSS with the
presence of W, Jeon et al.*® studied the effect of Cu on
the precipitation of secondary phases. The addition of
Cu results in pronouncedly suppressing the fraction of
the sigma phase.

At the end of the potentiodynamic polarization test,
the surfaces of the samples were observed by SEM.
The surface morphologies of the specimens in the solubilized
condition and aged at 850°C after the linear polarization are
shown in Figure 4 and 5. Dark spots observed on ferrite
and austenite phases are non-metallic inclusions, present in
both materials and typical of cast components®. Figure 5
shows the analysis for the solubilized samples. Secondary
electron (SE) images show that non-metallic inclusions were
preferential regions for the onset of localized corrosion.
For samples under different aging conditions, images are
shown in the backscattered (BSE) mode, from which it
is possible to identify the different phases present in the
material as shown in Figure 6. It was found that precipitates
of sigma (o) phase were formed in the specimens and that
these precipitates formed continuous networks along the grain
boundaries while also appearing randomly within the grains.
Sigma (o) phase appear lighter than ferrite and austenite
because the higher Mo content increases the average atomic
number (Z) and, thus, the backscattered electrons emission*+2,
The inclusions, predominantly oxides, appear darker than
ferrite and austenite in the SEM with BSE analysis, because
the average atomic number (Z) is lower.

In the condition of aging at 850°C for 10 min, in both alloys,
the presence of randomly distributed pits and pits nucleated
preferentially from the inclusions was observed (Figure Sa-b).

Table 2. Pitting potential and current density data and their respective standard deviations obtained from the polarization curves

in 0.6 mol/L NaCl solution.

SA 6A
Heat treatment condition Pitting potential Current density Pitting potential Current density
(V vs. Ag(s)|AgCl(s)|CI(KCl sat.) (HA cm?) (V vs. Ag(s)|AgCI(s)|CI(KCl sat.) (HA cm?)
Solubilized 1.03 +£0.01 21.9+0.81 1.03 £0.01 17.9+0.93
850°C_10min 0.43 +0.04 5.46 + 0.60 0.34+0.01 5.78 +0.75
850°C_lh 0.37+0.02 3.61 +0.56 0.34+0.01 4.55+0.83
850°C_10h 0.30+0.01 9.69 +0.78 0.32+0.01 4.24 +1.30
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Figure 4. SEM image of solubilized specimen after polarization test in 0.6 mol/L NaCl solution (a) 5A and (b) 6A SDSS.
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Figure 6. Nyquist and Bode plots for EIS data in 0.6 mol/L NaCl solution of specimens (a) 5A and (b) 6A.

By increasing the aging time to 1 h, a severe localized corrosion
with numerous micropits distributed uniformly occurred
within grain as well as along grain boundary in the ferrite
phase, while the austenite phase was preserved and did not
present significant dissolution as shown in Figure 5c and Se.
Figure 5d and 5f shows a more detailed SEM micrograph of
the selective attack of the ferrite phase in the aged sample
after the linear polarization test. Similar images were observed
with increasing aging time to 10 h. This result shows that
the lowest pitting potential observed in the polarization
curves resulted from Cr and Mo-depletion occurred within
the grain and along the grain boundary of the ferrite phase
due to the precipitation of sigma phase already in the first
minutes of aging at 850°C.

Electrochemical impedance spectroscopy was used
to characterize the stainless steel/passive film/electrolyte
interface at OCP. Figure 6 shows typical Nyquist and Bode
plots obtained in 0.6 mol/L NaCl solution for SDSS 5A and
6A samples heat treated at 850°C for 10 min, 1h and 10h.

As can be seen from the figure, the Nyquist plots contain
a depressed capacitive loop in the high frequency range.
The capacitive loop observed in all diagrams can be attributed
to the fast charge transfer reaction and the electrical double
layer formed on the metal surface®. Since the charge-transfer
resistance (i.e., corrosion resistance) is associated to the
diameter of semicircles, the diameters of semicircles related
to solubilized samples are bigger than those related to aged
samples. Showing the harmful effect of aging at 850°C on
corrosion resistance in both materials.

For 5A steel, the graph behaviour and the impedance
values obtained for the samples aged at 850°C for 10 min
and 1 hour were similar. As the aging time increases to
10 hours, there is a sharp drop in the impedance value,
showing a deterioration in the protective capacity of the
passive layer in this condition. This tendency is not observed
for the 6A steel sample aged at 850°C for 10 hours, in this
condition the Nyquist plots are compared with plots obtained
for samples aged at 10 min.
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The Bode-phase plots give one-time constant and a
maximum phase angle close to 80° over a wide frequency
range for all heat treatment condition. This evolution
revealed the formation and growth of a passive film. The
deviations of phase angle from 90° and of the slope in the
impedance modulus plot expressed that the system did not
behave like an ideal capacitor*. Therefore, in the studied
frequency range, the (R(Q(R(QR))) equivalent electrical
circuit (Figure 7) was proposed to fit and analyse the obtained
EIS data. The selection of this circuit was based on EIS
results and this model provides betters and accurate fitting
values. In this model, the passive film is considered to have a
porous structure and to show non-ideal capacitive behaviour.
Rsis the electrolyte resistance, R, represents the product film
resistance generated on the metal surface and R, is the charge
transfer resistance®. O, and Q, are constant phase elements
(CPE), 0, is associated with capacitance generated by the
oxide film on the electrode surface and Q, represents the
double layer capacitance. CPE element is used to explain the
depression of the capacitance semi-circle, which corresponds
to surface heterogeneity. The impedance of the CPE was
given by Brug et al.*: Z pp =Y0‘1(ja))_". Where Y, are
constants proportional to the capacitance of the passive film
(magnitude of the CPE), j represents the imaginary unit, ®
is the angular frequency, and n is the exponent (—1 <n<1),
which represents the divergence from ideal capacitance
characteristics*°. Results of the fitting parameters are
summarized in Table 3. A good agreement between EEC
predictions and experimental data with chi-square (%) values
around 107 can be observed.

Figure 7. EEC used for fitting the experimental EIS data.
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Table 3 shows that samples of steel 6A had higher values
of R, and R, than samples of steel 5A under all heat treatment
condition. Among the aged samples, it is possible to observe
that for both materials studied, the values of R, and R,
decrease with the aging time in the order 1 h> 10 min> 10 h.
This tendency is more pronounced for the 5A steel, where a
drastic reduction in the values of R, and R, is observed for
the sample aged for 10 hours. This result shows the beneficial
effect of addition of 0.99%pCu and 0.70%pW to the cast
SDSS retarding the embrittlement of the steel, which may
be associated with the delay in sigma phase precipitation for
the 10 h aging condition.

It has been shown that the corrosion resistance of
stainless steel was largely determined by the passive film
semiconductor characteristics™. The electronic properties
of passive films formed on SDSS 5A and 6A surface in
0.6 mol/L NaCl was studied based on the Mott-Schottky
theory. The equation for Mott-Schottky analysis is*':

% =;2(E—EFB —k—T] where CSCis the space
C SC &‘,‘OqN QA q
charge capacitance; &, (= 8.854x10'* F/cm) is the vacuum
permittivity; € (= 15.6) is the dielectric constant of the
passive film*?; Ng is the doping density; 4 is the sample
area (cm?); E,, is the flat band potential; E is the applied
electrode potential; k£ (=1.38x10% J/K) is the Boltzmann
constant; q is the elementary charge (1.62x10"° C) and T'is
the absolute temperature. The results are presented in Figure 8.
Two linear regions are observed in all Mott-Schottky plots.
The sign of the slope is an indicator of the semiconductor type of
the passive film. In the region below 0.5 V vs. Ag/AgCl (I) the
slope is positive, and the films behave as n-type semiconductivity.
In the region above 0.5 V vs. Ag/AgCl (II) the films behave
as p-type semiconductor with negative slope. The zone
near 0.5 V vs. Ag/AgCl occur an inversion from p-type to
n-type semiconductor and is satisfied with flat condition. Such
behaviour is associated with the existence of two layers, an
outer iron-rich layer corresponding to n-semiconductivity
and an inner chromium-rich layer corresponding to
p-semiconductivity. The co-existence of n-type and p-type in
the capacitance response was reported by Hakiki et al. for
oxide films on stainless steel. Furthermore, it is possible to
observe that the capacitance response was lower for the 6A steel.

Table 3. Impedance parameters of the SDSSs 5A and 6A in 0.6 mol/L NaCl solution.

CPE 1 CPE 2
SAMPLE R Q.cm? R, kQ.cm’ R, kQ.cm? v
! Y, uF/cm? N1 : Y, uF/cm? N2
5A_Solubilized 17.55+0.07 7.59+0.12 0.93+0.04 1273.0+4.7 604.5.0+0.70 3535+4.17 0.95+£0.07 0.003
5A_850°C_10min 11.1£0.07 16.75+1.34 0.95+0.01 442+0.10 227.0+£0.36 373+3.11 091+£0.01 0.0006
5A_850°C_1h 13.8+0.63 12.6+0.70 0.93+0.01 687.0+36.7 609.0+3.53 188.0+74 097+0.01 0.001
5A_850°C_10h 18.0+0.08 165145 092+0.01 119.0+09 56.3.0+14.4 15.0+3.1 091+0.02 0.005
CPE 1 CPE 2
SAMPLE R Q.cm’ R, kQ.cm’ R, kQ.cm? v
Y, uF/cm? N1 - Y, uF/cm? N2
6A_Solubilized 17.6+026 7.3+0.73 093+0.01 1468.0+3.5 606.0+0.66 53.8+3.4 0.98+0.06 0.0001
6A_850°C_10min 1535+034 17.7+£5.6 093+0.06 513.0+11.24 397.0+14.77 36.4.0+£523 0.96+0.01 0.009
6A_850°C_1h 18.0+0.60 9.07+63 0.93+0.01 709.2+27.6 604.0+29.27 259.0+2.8 095+0.01 0.005
6A_850°C_10h 154+0.70 927+0.36 094+0.01 5847+11.95 243.0+3.88 32.1+24 090+0.01 0.001




Comparative Study of the Influence of Aging Time at 850 °C on the Electrochemical Behaviour of Two Cast Super Duplex Stainless Steel

Table 4. Doping densities for passive films formed on SDSS 5A and 6A.

CONDITION oA
N, (10° cm™) N, (10°" cm?) N, (10°" cm”) N, (10°" cm?)
Solubilized 1.67£0.22 1.45+0.11 1.74 £ 0.09 1.57 £ 0.04
850°C_10min 1.81£0.24 1.31+0.07 1.93+0.01 1.74+0.12
850°C_1h 1.75+0.11 1.38+0.03 1.89+£0.10 1.42+0.04
850°C_10h 2.11+£0.24 1.72+0.24 2.61£0.51 1.81+0.20
(a) For both 5A and 6A steel, the doping density is lower for the
50 sample in the solubilized condition than for the aged samples.
Among the aged samples, the donor and acceptor densities
Il decrease with aging time in the order 1 h > 10 min > 10 h.
Comparing the two steels, it is observed that in all heat
'o.*éé. treatment conditions the donor and acceptor densities for
'*,**i . the 6A steel are lower than those observed for the SA steel.
.‘*.*‘*‘l o The number of charge carriers is associated with the
'o:*l*l*:: number of points defects™*. The excess of vacancies is
Sednd) to be expected in the space charge region developed at
p p gc 1eg p
= Solubilized the steel/Cr,0, interface, and in the space charge region at
® 850°C-10min the y-Fe, O /electrolyte n-type interface, an electron-depleted
& el zone may be formed™*¢. In this way, the greater the amount
0 N — *, i = h of charge carriers, the greater the presence of defects in the
0 200 400 600 800 passive film, increasing the risk of passive film breakdown
= and pitting corrosion development.
E (mV vs. Ag(s)AgCli9|Cl kel sat) The results of the Mott-Schottky analysis show that
(b) the addition of 0.99%pCu and 0.70%pW to the SDSS cast
50 improved the structural quality of the passive film and
I i I therefore its stability and ability to protect against aggressive
404 . }A’A',s "o:‘.t tr, agents in the chloride medl.um. Addl'tlonally, it is posmble
A 5 e .: ., to concl}lde that the protective capacity of the passive ﬁlm
. 5”:* Q..A.A* formed in both steels aged at 850°C decreases with aging
£ 30+ A 1@@}?- "X '...: . time in the order 1 h > 10 min > 10 h. This result is like the
N [ . 1 3 3
a;u_ T o 'Jﬁ one observed in the impedance analysis.
9 204
o 4. Conclusions
v ® Solubilized
10 ® 850°C-10min =  The increase in the hardness values of the ferrite
A 850°C-1h phase was more pronounced for the samples in the
0 . . . * 850°C 20 h aged condition of 5A steel.
0 200 400 600 800 = Potentiodynamic polarization and impedance

E (mV vs. Ag(s)|AgCl(s)|CI"(KCl sat.))

Figure 8. Mott-Schottky type plots of passive layers on cast
DSS (a) 5A and (b) 6A in 0.6 mol/L NaCl solution.

The high capacitance response observed for steel 5A is
associated with an increasing hole concentration in the
valence band and an increase in the carrier density, which
can be negative to the stability of the passive film*.

N, and N/ (acceptor and donor densities, respectively) can be
calculated from the slopes of the experimental //C” vs. E plots.
Table 4 shows the calculated doping densities for the films
formed on the surface of the studied alloys. The films present
high doping densities in the range 10*' cm?, revealing a high
conductivity comparable to those reported in other studies™*.

results showed the beneficial effect of addition
of 0.99%pCu and 0.70%pW to the cast SDSS
retarding the embrittlement of the 6A steel aged
at 850°C for 10 h.

= The characteristic mechanism of pitting corrosion
in the aged samples of both materials was selective
dissolution of the ferrite phase.

= The capacitance studies using Mott-Schottky’s
analysis showed that the doping densities for the
films formed on the surface of the 6A steel are
lower than those observed for the 5A steel.
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