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Heat treatment can modify the corrosion resistance of stainless steels. Thus, the corrosion behavior
of ASTM A890/A 890M GR 5A super duplex stainless steels (SDSS) has been investigated in aqueous
60,000 ppm NaCl solution by several electrochemical tests. The specimens were aged for 2, 10, 50 and
100 hours at 475 °C. Potentiodynamic polarization studies showed that, when the corrosion potential
comes to the passivation state, a peak current is detected at about 400 mV vs. Ag/AgCl, with a strong
influence on the film stability. The peak current value increased with the aging time; the highest peak
value was for the sample aged for 100 h. Three potentials were chosen from the polarization curves
in order to evaluate the sample/film/solution behavior and their changes over the passivation range.
The results indicate that the passive film was degraded with the increase of the aging time. In addition,
the results of the corrosion tests were compared with the evolution of the mechanical properties of the

steels by the Vickers microhardness test.
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1. Introduction

Super duplex stainless steels (SDSS) with approximately
equal volume fractions (about 50%) of ferrite (o) and austenite
(v) have been widely used in the oil, chemical, petrochemical,
and nuclear industries due to their high mechanical strength,
good weldability, and excellent resistance to localized and
stress corrosion!*. These alloys are defined as the steels for
which the empirical pitting resistance equivalent numbers
(PREN) equation is greater than 40 24>,

Once the chemical composition is established, the properties
of SDSS are strongly dependent on their thermal history,
which greatly influences the microstructure and composition
of each phase. These types of steels are intrinsically subject
to embrittlement when exposed in the temperature range of
280 - 500 °C because of solid-state reactions within the ferrite
phase®. This phenomenon is termed 475 °C embrittlement as
its rate is highest at 475 °C. The spinodal decomposition of
the ferritic phase to chromium-rich phase, o', and iron-rich
phase, a, in the temperature range of 280 - 500 °C due to
the presence of the miscibility gap in iron-chromium binary
alloy system® causes SDSS to be embrittled by lowering
the mobility of dislocation and by creating microvoids near
the ferrite matrix, then forming the Cr-depleted regions
around them and further, which can degrade the passive
film of these alloys™. Other precipitation processes would
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also occur, the main one being the precipitation of Ni, Si,
Mo-rich G-phase”®!®!!, The G-phase appears at 475 °C,
with an incubation time, after the spinodal decomposition
and requires a very long aging time to reach uniformity in
the ferritic matrix®'2. The presence of G-phase in the ferrite
contributes to increase the hardness of ferrite, but from the
literature reports, the spinodal decomposition features an
effect of hardening that is more pronounced than the one
caused by the formation of the G-phase'*.

The literature shows that the corrosion resistance of
stainless steels is primarily attributed to the passive film
growth on its surface'*'®. The changes in the passive film
and the breakdown of the passive film directly affect the
localized corrosion resistance leading to pitting corrosion,
crevice corrosion, intergranular corrosion and stress corrosion
cracking. Therefore, understanding the passivity properties
is a key factor for the protection of stainless steels against
localized corrosion attack, and one of the most common
approaches to reduce localized corrosion-related failures
involves the selection of resistant material by suitable alloying.

Given the difficulty of analyzing o' precipitates by optical
or electron microscopy, some researchers have tried to assess
the degree of 475 °C embrittlement of the alloys in terms of the
change in electrochemical and mechanical properties induced
by the precipitation of o' phase®™!”13. Although the effect of
o' precipitation is known, it is important to characterize the
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degree of embrittlement of the material with different aging
times, by means of a study of its passivity.

The aim of this work is the evaluation of the heat treatment
effects on a cast SDSS passivation using electrochemical
techniques. The heat treatments consisted of heating at 475
°C for four different times, 2, 10, 50 and 100 h. Vickers
microhardness (HV) measurements were also carried out for
each condition to study the influence of o' phase precipitate
on the phase hardness, and the microstructure changes were
related to the corrosion results.

2. Experimental

The SDSS used in this work was a cast stainless steel
(ASTM A890/A 890M GR 5A) that was provided by Sulzer
Brazil S/A. The chemical composition and the PRE index for
this alloy are presented in Table 1. The as-received samples
were annealed at 1120 °C for 4 h and water-quenched, and
then aged respectively, for 2, 10, 50 and 100 h at 475 °C.
The heat treatment was performed in a muffie furnace.
The objective of the solution annealing heat treatment
before aging was to obtain complete dissolution of the
precipitates in the ferrite matrix and at the o/y interfaces'.
Before electrochemical tests, the specimens were abraded
with silicon carbide paper up to 600 mesh, degreased with
alcohol, washed with distilled water and dried with hot
air. Some specimens were polished to a 1 um finish before
testing for metallographic observations. Microstructures were
revealed by Beraha reagent (20 mL HCI, 80 mL H,O, and
1 g of potassium metabisulfide), which made the austenite
phase light and the ferrite phase dark, and observed with
an optical microscopy.

The effects of the aging on the passivity of the SDSS were
evaluated by an anodic polarization test, chronoamperometry,
electrochemical impedance spectroscopy (EIS) and a
galvanic corrosion test. The electrochemical tests were
conducted in a naturally aerated solution of 60,000 ppm
NaCl at 25.0+0.2 °C. The anodic polarization test and
electrochemical impedance spectroscopy were conducted
in a potentiostat-galvanostat Autolab model PGSTAT302N.
The chronoamperometry and galvanic corrosion test were
performed in a potentiostat/galvanostat/ZRA Gamry
Instruments System (Reference 600, Gamry Instruments),
controlled by the Gamry Instruments Framework software.
A conventional three-electrode electrochemical cell using
a platinum (Pt) grid as the counter electrode, saturated KCI
silver/silver chloride (Ag/AgCl) as the reference electrode
and the working electrode was constructed using the steel
samples embedded in epoxy resin. The working electrode
area exposed to the test solution was approximately 0.5
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cm?. Polarization and chronoamperometry tests were started
after a nearly steady-state open circuit potential (OCP) had
developed (around one hour). Anodic polarization tests were
performed at a scan rate of 1.0 mVs until the current density
of 1.0 mA was reached. The surface of the specimen subject
to an anodic polarization was observed just after the test by
optical microscopy. Three values of potential were selected
in the polarization curves in order to investigate the peak on
the passivation range: open circuit potential (OCP), E2 =400
mV, E3 = 850 mV vs. Ag/AgCl. The analysis was carried
out by EIS experiments at a frequency range from 10 kHz to
2.5 mHz and with a perturbation amplitude of 20 mV at an
acquisition rate of 7 points per decade. In order to guarantee
the stationary and linear conditions, the working electrode
was polarized for 1 h according to the measured potential
before measuring the impedance tests. Chronoamperometry
was used to evaluate the evolution of the current density
flowing into the cell as a function of the time by application
of constant potential for 4 h. The applied potential was 400
mV (vs. Ag/AgCl), which is the observed anodic peak. In
the experimental schema of the galvanic corrosion test, the
working electrodes were the aged and the annealed (at 1120
°C) samples. The time recording of the common potential
and the current between the aged samples and the annealed
sample over time is an indication of galvanic effects. The
surfaces of these two specimens were also placed parallel
and separated by 5.0 mm in the electrolyte. The frequency
of sampling was 1.0 Hz and the recording time was 24 h. All
electrochemical measurements were repeated at least three
times for each condition to obtain representative results.

The Vickers microhardness of ferrite and austenite phases
was measured for the detection of embrittlement owing to
thermal aging. To determine the microhardness values of
the phases and correlate them with the aging treatment time,
Vickers microhardness measurements were performed with
aload of 100 gf and the holding time for the measurements
was 15 s. The mean and standard deviation values were
obtained based on ten prints in each phase.

3. Results and Discussion

The PREN value, calculated from Eq. (1), by chemical
compositions (wt.%) of the stainless steel studied in this
work indicates that it is classified as super duplex stainless
steel (see Table 1). Figure 1 shows optical micrographs of
the microstructure of specimens annealed (at 1120 °C for
4.0 h) and aged (at 475 °C for 2, 10, 50 and 100 h). The
typical ferrite-austenite duplex structure was observed. The
austenite phase (bright phase) was evenly distributed as
islands in the etched ferrite matrix (dark phase). The nominal

Table 1. Chemical composition for the super duplex stainless steel (% wt.).

C Cr Ni Mn

Mo Cu N Fe PREN

S5A 0.028

25.51 7.84 0.96 0.70

4.25 0.30 0.249 Bal. 43.5
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Figure 1. Optical micrographs of the microstructures of samples: (a) annealed and aged at 475 °C for (b) 2 h, (¢) 10 h, (d) 50 h, (¢) 100 h.

volume fractions of both ferrite (o) and austenite (y) in all
the samples, measured by quantitative optical microscopy,
remained unchanged with aging time and were close to 50%.
Optical micrographs (OM) analysis did not reveal significant
microstructural changes in the samples because the o' phase is
very thin (in the order of nm), making it undetectable in this
kind of analysis. These results are in good agreement with
the literature, which reports that microstructural changes in
SDSS at low temperatures occur at the nanometric scale and
are not visible by OM and/or scanning electron microscopy

(SEM), requiring the use of higher resolution techniques
such as TEM to observe them’8202!,

PREN = wt. %Cr + 3.3 wt. % Mo +16 wt. %N (1)

Figure 2 and Table 2 show the variation of Vickers
microhardness values in ferrite and austenite phases as a
function of thermal aging time. Hardness measurements were
taken using two nominally identical specimens. The indicative
values of hardness represent the arithmetic average of 20
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Table 2. Vickers microhardness of o and y phases.

Materials Research

Heat treat. Temp. (°C) / Time (h) Phases Average (HV 100 gf) Standard Deviation
Y 283.3 6.43
Annealed
o 333.0 8.44
Y 293.2 6.43
475°C/2h
o 482.4 14.43
Y 372.0 7.40
475°C/10h
o 626.0 7.36
Y 314.7 20.29
475°C/50 h
o 551.2 22.54
Y 336.8 21.33
475°C /100 h
o 665.1 22.94

Figure 2. Microhardness of samples annealed and aged at 475 °C
for: 2, 10, 50 and 100 h.

measurements. During aging, as this figure shows, the hardness
of the ferrite phase increases significantly. The accentuated
increase in ferrite hardening for samples aged at 475 °C is
related to the obstruction of the movement of dislocations
caused by the precipitation of nanometric scale o' phase. In
contrast, the hardness of austenite phase remains essentially
unchanged, indicating that the austenite is unaffected by the
aging treatment. Note that ferrite microhardness undergoes
amarked increase of approximately 40% in the initial hours
of aging, and then reaches the highest value for the sample
aged at 475 °C for 100 h. The reason for this observation
is probably that increasing the thermal aging time leads to
the formation of increasing numbers of o' precipitates in the
ferrite phase. This result also suggests that the embrittlement
phenomenon of the present super duplex stainless steel is
presumably connected with the microstructural evolution
of ferrite phase, a fact that is in good agreement with other
studies'>!1*?2, which also found that microstructural changes
by aging at 475 °C occurred mainly in the ferrite phase.

The microhardness of ferrite phase was selected as the
mechanical property to represent the degree of embrittlement
of SDSS, in other words the precipitation of Cr-rich o'
precipitates, as it was found to be the most sensitive parameter
that characterizes the embrittlement of the material.

The evolution of open circuit potentials (OCP) for each
heat treatment condition monitored versus time in 60,000
ppm NaCl solution is shown in Figure 3. A higher OCP
usually indicates an increase in the passivation ability of
the steel. As a general tendency, the potential increased as
soon as the samples were immersed in the electrolyte and
then stabilized after about 1800 s.

The measurement of the steady-state anodic polarization
curve over the wide potential range is usually a first step in
studying passivity. Figure 4 shows the anodic potentiodynamic
polarization curves of super duplex stainless steel under the
different heat treatment conditions in 60,000 ppm NaCl solution.
The typical anodic polarization behavior of a stainless steel in
NaCl solution consists of active dissolution (around the anodic
peak), passivity, and a rapid increase of the current density.
It is worth noting that no significant changes occur in the
corrosion potential (E_ ). Samples annealed and aged at 475
°C for 2 and 10 hours presented a low current density, around
afew pAcm?upto 1.0V (vs. Ag/AgCl). The abrupt increase
of current, for these samples, was felt in the potential range
where oxygen evolution could already thermodynamically take
place. At higher potentials, the oxygen anodic reaction seemed
to participate in pitting nucleation through the formation of
a triple interface between the metal, electrolyte, and oxygen
bubbles?. Indeed, a previous measurement performed on a Pt
electrode in this test solution had indicated that the evolution
of O, was about 1.05 V vs. Ag/AgCl at 25.0 °C. Therefore,
the steep increase at ~1.0 V vs. Ag/AgCl for these samples is
likely due not to pitting corrosion but to the onset of oxygen
evolution. For sample aged at 475 °C for 50 hours, the curve
seems to be an attempt to active-passive transition in E2
potential (400 mV vs. Ag/AgCl), with current density value of
ca 30 pA cm. This behavior may be associated to the defects
increase of the passive layer as a result of the increased aging
time. The worst behavior was shown by sample aged for 100 h,
since the passivity domain (from OCP to breakdown potential)
shrink and the anodic current density was permanently higher,
reaching the current density value of around 0.8 mA cm™ at
low potential (130 mV vs. Ag/AgCl), which was related to
pitting corrosion.
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Figure 3. Typical evolution of open circuit potential with time
of SDSS 5A.

Figure 4. Anodic polarization curve in 60,000 ppm NaClL. E =

corr

corrosion potential, E2 =400 mV, E3 = 850 mV (vs. Ag/AgCl).

It is clear from Figure 4 that a longer heat treatment
exhibits a strong effect on the passivation ability of the
material. When the potential reaches the passivation state, a
peak is detected at about 400 mV vs. Ag/AgCl. This can be
attributed to the microstructural changes that occur in ferrite
phase due to thermal aging. As stated earlier, thermal aging
at 475 °C leads to fluctuation of the Cr concentration due to
the formation of a Cr-depleted region around o' precipitate
and therefore the Cr concentration varies from maximum to
minimum values. Cr, as a primary constituent of stainless
steels, is known to be the most important element which
influences the corrosion properties of stainless steels?*.
The variation in Cr concentration also leads to change in the
current density/potential values and shape of polarization
curves. During the anodic polarization experiment, the
electrode surface of spinodally decomposed ferrite phase
should undergo the same variation of Cr concentration, as
the anodic dissolution of surface atoms gradually increases.
Thereby, the variation of the Cr concentration markedly
affects the passive film stability. A comparison of the curves
clearly reveals an increase in the peak current density value
as a function of aging time or the degree of embrittlement at
475 °C; the highest peak value was observed for the sample

aged for 100 h (830 pA cm?), and the lowest peak value
was of the sample aged for 2 h. The surface analysis after
the anodic polarization test reveals the presence of pits. The
pit morphologies formed on the surface specimens were
observed by optical microscopy and are shown in Figure
5. It was possible to observe an increase in the frequency
of pits formed when the aging time increased up to 50 h,
and for times longer than 50 h an increase in the size of the
pits formed was observed. For alloy aged for 100 h, pits
formed were more extensive and deeper. This morphological
change is governed by the degree of passivity of oxide films
formed on the specimen as function of aging time. These
results are in good correlation with the anodic polarization
curves, which showed that an increase in the aging time
reduces the passive film stability, providing the conditions
for the pit formation.

Three potentials were chosen from the polarization curves
in order to evaluate the sample/film/solution behavior and their
changes over the passivation range. Therefore, impedance
measurements were performed in the potentials marked in
the polarization curves of Figure 4: corrosion potential (E_ ),
E2 =400 mV (vs. Ag/AgCl) potential (where the current
peak was observed), E3 = 850 mV (vs. Ag/AgCl), close to
the final passivation and/or onset of electrolyte oxidation. A
qualitative evaluation of impedance was taken into account
in the effect of potential on the diagrams.

Figure 6a shows the results of the EIS experiments carried
out at corrosion potential. The Nyquist plots have almost
the same shape, where depressed capacitive semicircles
cover almost all the frequency regions. The similar behavior
is in good agreement with the data obtained from the
polarization curves (see Figure 4). From the Nyquist plots,
it was possible to make an approximate estimate of the
polarization resistance (Rp) for each test by extrapolating the
capacitive loop to the real axis. The polarization resistance,
R, is commonly used as a measure of the resistance of a
metal to corrosion damage. A high value of R is associated
with a high corrosion prevention capability; a low value of
R indicates potential high corrosion activity. Their values
are plotted in Figure 7. As expected, the EIS polarization
resistances at the corrosion potential of stainless steel 5A do
not alter significantly with the increase of heat treatment time.
Therefore, these results suggested that, the protective role of
the passive film formed on alloys were not degraded under
open circuit corrosion conditions. However, the increasing
potential is particularly deleterious in the case of the samples
aged for 50 and 100 hours.

Figure 6(b) gives the results for the samples polarized at
400 mV (vs Ag/AgCl). It is possible to note one capacitive
loop at high frequency followed by a quite linear behavior
in the lower frequency range. Interestingly, even with high
current density, as observed for 50 hours, there is not an
inductive loop that is ascribed to a dissolution process. Owing
to the high current of the peak, the impedance for 100 h could
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Figure 5. Optical micrographs showing pit morphologies formed on the surface after anodic polarization tests in a 60,000 ppm NaCl
solution of 5A stainless steel (a) annealed and aged samples at 475 °C for (b) 2 h, (¢) 10 h, (d) 50 h, (e) 100 h (5000 x) and (f) 100 h (1000 x).

not be obtained experimentally. The sample heat-treated
for 50 h presents a small impedance value, as expected for
the more reactive surface. This significant decline in the
impedance value illustrate the deteriorative effect of aging
time on passivity condition at 400 mV vs. Ag/AgCl as it was
previously shown in anodic potentiodynamic polarization
results. This phenomenon can be described by passivity
breakdown and localized corrosion. The impacts of aging
treatment time and polarization at 400 mV vs. Ag/AgCl are
better visualized by chronoamperometry tests in Figure 8.

‘When the potential becomes very anodic (Figure 6(c)),
E3=850mV (vs. Ag/AgCl), one capacitive loop is detected
in the high frequency range, followed by an inductive loop
for the annealed and the aged for 2 and 10 h conditions. A
small anodic peak can be noted in these conditions in the
polarization curves. Probably the inductive loop is related
to this increase of dissolution. For the sample aged for 50 h,
the behavior at low frequency is not related to an inductive
loop, although the steady-state current density is high in this
potential range. These electrochemical activities produce
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Figure 6. Nyquist plots of the super duplex stainless steel specimens
at (a) corrosion potential, (b) 400 mV and (c) 850 mV vs. Ag/AgCl.

3,0
2,54
2,0
—
5
c 1,54
£
& 1,04
0,5
0,0
Annealed  2h 10h 50 h 100 h

Heat treatment time (h)

Figure 7. Variation of polarization resistance (Rp) in 60,000 ppm NaCl
test solution, estimated from Nyquist plots, with heat treatment time.

Figure 8. Current density -time curve at 400 mV vs. Ag/AgCl of
samples annealed and aged at different times in 60,000 ppm NaCl.

at 850 mV a considerably lower impedance value when
compared to impedance value measured at lower potentials.

In order to analyze the potential dependence of the
steady-state passive currents, potentiostatic current-time
measurements were carried out at potential of 400 mV (vs.
Ag/AgCl) for 4 h. Figure 8 exhibits the current transient
curves for all heat treatment conditions. For samples annealed
and aged for 2 and 10 hours, the common feature of these
plots is that a large current density is initially observed and
then the current density remains nearly constant after a few
hours (about 10 ks) of potential application indicating the
attainment of a stable passive current density. However,
current oscillations of short duration were detected. These
spikes are especially present for the sample aged for 10 h
and are considered to be related to film breakdown and the
repassivation process associated with metastable pitting.
For sample aged for 50 h, a increase in the current density
value was observed. The increase in the current density with
aging time can be attributed to the microstructural evolution
taking place during thermal aging. The results reveal that
there is a significant decrease in passivation ability of the
alloys by increase aging time.

From these current transients, it can be seen that in the
chloride-containing solution, the current density drops following
a classical high-field passivation theory®*?’. The initial drastic
current drop can be caused by the formation of a compact
oxide film in the initial stage, which increases the resistance
and reduces the current densities. As the surface oxide layer
grows or even becomes more compact, the kinetics of mass
transport through the layer becomes slower, thus resulting in
a decrease in the passivation current density. The steady-state
behavior shows that the dissolution of the barrier layer takes
place. Moreover, the barrier layer formation must contain a
dissolution component. Nevertheless, this behavior is not
observed for the sample aged at 475 °C for 100 h. For this



782 Lima et al.

condition, there is an increase in the current density throughout
the test. It was necessary to stop the measurement because
the current density increased quickly, reaching values around
0.1 A. No tendency to current stabilization was observed,
then an intense dissolution occurred due presumably to the
preferential corrosion attack of the Cr-depleted regions as
a result of the formation of Cr-rich o' phase in the sample
during aging. Since increasing the thermal aging time causes
more segregation of Cr in the ferrite phase, this effect was
more pronounced for the sample aged at 475 °C for 100 h.

These results suggested that, for the aging carried out
for less than 10 hours, a similar behavior to the solution
annealing sample is observed. For longer aging times, the
tendency towards dissolution increasing with exposure time
in the medium is noted.

Figure 9(a) shows the surface morphology of the alloy
aged for 100 h at 475 °C, after the chronoamperometry
tests in 60,000 ppm NaCl at 25 °C. The dark area indicates
the region corroded locally, and in addition, several pits
were found in this area. Thus, the significant increase of
current observed in the anodic polarization curves around
400 mV (vs. Ag/AgCl) may be associated with the film
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breakdown processes with pitting formation. According to
the EDS composition analysis, the dark area showed very
high Cr content as seen in Figure 9(b). The value found
for the sample aged for 100 hours corresponded to almost
twice the nominal Cr content of the alloy (Figure 9(c) and
(d)). The results can be taken as an indication that these are
Cr-rich o' phase, a fact that is in good agreement with the
findings of earlier studies™’. Park and Kwon (2005), for a
24.6Cr-6.6Ni-3.12Mo-0.25N duplex stainless steel aged at
475 °C for 300 h, reported EDS analysis for the pits found
in ferrite phase, after electrochemical noise measurement,
and showed also a very high Cr content. In the previous
study’, they suggested that numerous micro-galvanic cells
of a few nanometer scale formed between Cr-rich o' phase
and neighboring Fe-rich a phase in the ferrite matrix of the
aged samples. These nanometer scale galvanic couples,
distributed throughout the entire ferrite matrix, appear to lead
to uniform dissolution of ferrite phase by galvanic corrosion.

The corrosion properties of both ferrite and austenite are
dependent on the actual chemical composition. The main
alloying elements, i.e., chromium, molybdenum, nickel, and
nitrogen, are not equally distributed in ferrite and austenite.

Figure 9. (a) Surface morphology of the alloy aged for 100 h at 475 °C, after chronoamperometry tests (b) EDS spectrum showing the surface
composition of the dissolved area shown in (a); (c) SEM image and (d) energy dispersive spectrometer of SDSS aged for 100 h at 475 °C.
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Austenite is enriched with nickel and nitrogen, while ferrite
is enriched with chromium and molybdenum. The heat
treatment temperature and time strongly affect the amount,
composition and morphology of the ferrite and austenite
phases of duplex stainless steels**?. The difference in chemical
composition between the ferritic and the austenitic phases
can greatly affect the corrosion behavior of duplex stainless
steel (DSS). It has been found that selective dissolution of
the respective constituent phases can occur in various DSSs
in different solutions’**".

A galvanic cell is formed when two dissimilar metals are
connected electrically while both are immersed in a solution.
In order to evaluate the microstructural differences caused
by aging at 475 °C, galvanic experiments were performed
for 24 h, by coupling the annealed sample and aged samples
in 60,000 ppm NaCl at 25 °C. The galvanic corrosion
measurements occur close to the corrosion potential, and
there is no polarization. Therefore, the observed difference
arises due to the nature of the formed film. The galvanic
current density and the common potential were recorded,
yielding graphs such as those presented in Figure 10. As
the electrode was connected, the galvanic current density
was negative when the annealed sample was in a cathodic
situation and consequently the aged sample was in an anodic

Figure 10. Galvanic corrosion between annealed and aged samples
in 60,000 ppm NaCl for 24 hours.

situation. Conversely, positive current corresponds to the
inverse case. The annealed sample was always set as the
reference specimen.

The galvanic current density was negative just for the
coupled annealed and aged for 100 h at 475 °C samples. This
result shows that it was essentially the sample aged for 100
h that was undergoing corrosion by galvanic coupling. In
the case of other samples coupled with annealed samples,
the galvanic current density detected by the potentiostat
reached very small values (about -1.0 nA cm?) that were
practically negligible. After 24 h the current was almost null,
showing that they have a similar electrochemical behavior
that inhibited the occurrence of galvanic corrosion. Thus,
aging up to 50 h did not weaken the microstructure of these
samples. Furthermore, when the annealed sample was linked
to the sample aged for 100 h, for the same time exposure of
24 h, a higher negative galvanic current density was observed
(about -325 nA cm?), and this current remained relatively high
for the rest of the test. This suggests that galvanic corrosion
behavior of the alloy aged for 100 h is different from that of
the solution annealed alloy. These large change is associated
with microstructural differences between the two samples
and has been attributed to the fluctuations in the chemical
composition of ferrite grains as a result of the variation in
the degree of Cr depletion for the thermally aged sample’#*.
These results are in good agreement with those obtained
by Chronoamperometric studies of the sample aged at 475
°C for 100 h, where an intense dissolution was observed
due presumably to the preferential corrosion attack in Cr-
depleted regions as a result of the precipitation of Cr-rich
o' precipitates in the sample during aging.

4. Conclusions

1. The ferrite microhardness undergoes a marked
increase of approximately 40% in the initial hours
of aging, and reaches the highest value for the
sample aged at 475 °C for 100 h. The accentuated
increase in ferrite hardening was related to the
obstruction of the movement of dislocations caused
by the precipitation of nanometric scale o' phase.
In contrast, the hardness of austenite phase remains
essentially unchanged, indicating that the austenite
is unaffected by the aging treatment.

2. The degradation in the film stability of the SDSS
aged at 475 °C, confirmed by an anodic peak
detected at about 400 mV vs. Ag/AgCl in the passive
range during anodic polarization, results from the
microstructural changes that occur in ferrite phase
due to thermal aging. Since thermal aging at 475
°C leads to fluctuation of the Cr concentration due
to the formation of a Cr-depleted region around
o' precipitate, the Cr concentration varies from
maximum to minimum values.
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3. Chronoamperometric studies have revealed no
tendency to current stabilization for the sample
aged at 475 °C for 100 h, then an intense dissolution
occurs due presumably to the preferential corrosion
attack of the Cr-depleted regions as a result of the
precipitation of Cr-rich o' precipitates in the sample
during aging. Thereby, increasing the thermal aging
time causes more segregation of Cr in the ferrite
phase and this effect was more pronounced for the
sample aged at 475 °C for 100 h.
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