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The duplex stainless steels, having a volumetric fraction of 50% ferrite and 50% austenite,
conciliate high corrosion resistance with good mechanical properties. But, in many circumstances
different phase transformations may occur, such as that responsible for sigma phase precipitation,
which makethe stedl susceptibleto localized corrosion. During the sigma phase preci pitation anew
austenitic phase is formed with a very low corrosion resistance. In the present research the
composition of this new austenitic phase was evaluated in four duplex stainless steels, with different
Mo, N and Cu contents. After the solution anneal at 1050 °C, samples of these steels were aged at
850°Cduring 1 hand 5 hfor sigmaphase precipitation. Using theferritoscope and animage analy zer
it was possible to determine the volumetric fractions of ferrite and sigma phase, respectively, while
those of austenite and the new austenitic phase were determined by difference to 100% volume.
Finally, by using mass balance it was possible to determine theoretically the composition of the new
austenitic phase. This phaseispoor in Cr and Mo free, which explainsits poor corrosion resistance.
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1. Introduction

Theduplex stainless steels are Fe-Cr-Ni alloys present-
ing an approximate volumetric fraction of 50% ferrite (a)
and 50% austenite (y) in their microstructure. Their main
feature is that they compromise the favorable corrosion
resistance of the austenitic stainless steels with good me-
chanical properties.

Notwithstanding these advantages, duplex stainless
steels are susceptible to the precipitation of additional
phases that affect both the corrosion and the mechanical
properties. These phases may be formed during the solidi-
fication of the alloy or in the subsequent heat treatments or
plastic deformation processes, or even due to the aging
processes during its use, causing a marked effect upon the
workability and the useful life of the material. One of the
possible phases to be formed isthe sigma phase, ahard and
brittleintermetallic compound, richin Cr and Mo, whichis
formed from the ferrite.

The sigma phase in stainless steels is an intermetallic
compound, non-magnetic?, with a complex tetragonal
structure, and when present has deleterious effects upon
both the mechanical and the corrosion properties®.

*e-mail: swolynec@usp.br

Bain and Griffth! first detected this phase in 1927,
during their systematic investigation of Fe-Cr-Ni aloys.
They found, in certain composition ranges, the presence of
a hard and brittle phase, which was responsible for the
sampl e fracture during the hardness testing.

In most of the duplex stainless steel sthisphase contains
Fe, Crand Mo, anditisformed between 600 °C and 950 °C,
its precipitation being faster between 700 °C and 900 °C.
The embrittlement of some aloys due to the sigma phase
precipitation may occur in very short times, of the order of
3min®4,

Brandi and Padilha® and Maehara et al.® found during
the sigma phase precipitation in duplex stainless steelsthat
astheamount of sigmaphaseincreasestheamount of ferrite
decreases, until its total consumption. From this it was
concluded that the sigma phase is formed from the ferrite.
The proposed mechanism for this formation®® is the eucte-
toid decomposition of ferrite according to the reaction:

ferrite - sigma+ austenite (1)

Thereisaconsensus between several researchers* that
the sigma phase nucl eation takes place at the austenite/fer-
rite interface and then grows towards the ferrite.
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Brandi and Padilha® and Barbosa et al.” found that
initially the sigma phase precipitates as a film, forming a
hal o at the austenite/ferriteinterface. At temperatures of the
order of 700 °C to 800 °C, this film becomes thicker until
an austeniteformation at thegrowing front occurs, alowing
the cooperation for the lamellar euctetoid growth. For
higher temperatures the setting of a cooperative growth is
more difficult, because this would imply in the consump-
tion of the thermodynamic potential to form the
sigma/austenite interface. Moreover, at higher tempera
turestheatoms can diffuseto larger distances, which would
favor the formation of a massive sigma phase, that is, of a
divorced euctetoid’.

The sigma phase growth from ferrite instead of austenite
occurs because the sgmaphaseisrich in ferritizing e ements
and the diffusion in ferrite s faster than in austenite®.

The harmful effect of sigma phase upon corrosion re-
sistance of duplex stainless steels was reported in several
works'®??, Thiseffect has been evaluated through different
tests, such as general corrosion tests™, pitting potential
tests'>141517.19 crevice corrosiontests'’, intergranular cor-
rosion tests'®1820 and stress corrosion tests'>. Moreover,
this effect has been of great concern in welding of duplex
stainlessstedl s, because during this processthe sigmaphase
isformed in the heat affected zones (HAZ)32422, |eaksin
pipelines produced with this type of steel were reported to
occur in these zones?.

According to Truman and Pirt*! this effect is a conse-
guence of chromium and molybdenum content decreasein
the matrix phases, because the sigma phase is considerably
richer in these elements than either the ferrite or austenite.
Adhe et al.'® proposed that this decrease is confined to
regionsadjacent to sigmaphase. Wilmset al.’, onthe other
hand, observed that thelocalized corrosion startsnext to the
sigma phase in the newly formed secondary austenite.

Although the sigma phase has been considered ex-
tremely harmful to the corrosion resistance of the duplex
stainless steels, the available information about its magni-
tudeand extentislimited. Thus, it was decided to undertake
a detailed investigation of the influence that the presence
of this phase in four different duplex stainless steels has
upon their microstructure and the chemica composition of
phases, and on how these parameters are related to the
corrosion of these materialsin a 3.5% NaCl solution.

Table 1. Chemical composition of investigated aloys (in wt.%).
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2. Materialsand M ethods

In present research the following duplex stainless steels
were investigated: 3RE60 (UNS S31500), AV2205 (UNS
S31803), UR50 (UNS S32404) and UR45N. The testing
samples were removed from 3 mm to 6 mm thick rolled
sheets. The chemical composition of these steels, supplied
by the manufacturer, isgivenin Table 1.

All materials were submitted to solution anneal at
1050 °C for 30 min, followed by cooling in water. After
thisthey were submitted to aheat treatment at 850 °C for 1
h and 5 h, with the purpose to precipitate the sigma phase.

The corrosion resistance of these steels was evaluated by
cyclic potentiodynamic polarization curvesin order to meas-
ure their pitting potentia and to identify the possible nuclea-
tion sites of the pits. These tests were performed a room
temperatureina3,5% NaCl aqueous solution, with ascanning
rateof 1 mV/sstarted 5 min after theimmersion of thesample
insdethesolution. Inthetesting cdll, witha700-mL capacity,
agraphite counter e ectrode and asaturated calomed reference
€l ectrode (SCE) were used. Thetesting sampleswere submit-
ted to two different surface finishes, namely:

« abrasion with silicon carbide paper to the grade 600
for pitting corrosion determination, and
polishing with diamond paste to the grade 1 um for
preferentia corrosion sites determination with the
scanning electron microscope (SEM).

At the SEM both the primary and the secondary electron
images were determined. The first, which are more sensi-
tive to the nature of the existing elements, were used to
identify the different phasesin the samples, whilethelatter,
which are more sensitive to the topography of the surface,
were used to observe the corrosion morphology.

The individual phases were analyzed with an energy
dispersion system (EDS) coupled to the SEM, displaying
an analytical beam diameter of about 5 um. This implies
that the analysis of phaseswith sizessmaller than thisvalue
isunreliable.

The volumetric percentage of a phase was measured
with aferritoscope. Since there are only two phasesin the
investigated alloys, the volumetric percentage of y phase
was determined by difference between 100% and the volu-
metric percentage of the a phase.

After the heat treatment the alloys presented three
phases: ferrite (o), sgma (o) and austenite (y). They phase

Alloys Cr Ni Mo N Cu Mn S C P S

UR45N 2252 5.77 281 0.144 0.08 1.78 0.47 0.02 0.028 0.009
UR50 22.35 6.10 2.78 0.083 1.06 133 0.61 0.025 0.030 0.008
AV2205 21.93 5.65 317 0.188 0.13 1.48 0.48 0.03 0.020 0.008
3RE60 18.40 5.01 2.78 0.086 0.08 156 1.60 0.03 0.027 0.010
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can be divided in two: the one that was originally present
inthealloy, that will be named asinitial austenite (yin), and
the austenite provided by the euctetoid decomposition of
ferrite [Eq. (1)], that will be named as new austenite (Ynew).
In order to make easier the datahandling, thea phaseinthe
solution annealed alloy will be named asinitial ferrite (ain)
and after the heat treatment asfinal ferrite (Orfinal)-
The amount of each of the above phases was obtained
asfollows:
« fina ferrite (afina): Measured with the ferritoscope;
» sigma(o): measured with an image analyzer (quan-
titative metallography);
 austenite (yinand ynew): theamount of yin isthat of the
austenite in the solution annealed alloy; the amount
of yhew Was calculated using the following relation-
ship:
%Vin + Yoynew + Y00 fina + %0 = 100% 2

where %yin, YYnew, %0tina and %o are the volumetric
percentages of the respective phases. In the above
equation all terms are known with the exception of
%Ynew, SO that:

%yna/v =100% - (%ym + (yOCIfinal + %0) (3)
3. Results

3.1. Microstructure of the alloys

The Fig. 1 is a micrograph of the AV2205 dloy, after
solution anneal at 1050 °C during 30 min. Thismicrographis
typica of al the other investigated alloys, where the clearer
phase is the austenite and the darker phase is the ferrite. It is
observed that both augtenite and ferrite form lamellar like
microstructure, which was confirmed by examining the other
two orthogonal planesto that shownin Fig. 1.

The Fig. 2 shows the microstructure of the same alloy
after the heat treatment at 850 °C during 1 h; on it the

Figure 1. Microstructure of the AV2205 alloy solution anneded at
1050 °C for 30 min. Clear: austenite; dark: ferrite. 811X.
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austenite isthe largest continuous gray phase, the ferriteis
the dispersed gray phase and the sigma is the white phase.
It is noticed that:

+ the sigma phase has predominantly amassive struc-
ture, it nucleates at the austenite/ferrite interface and
grows inside the ferrite, occupying its space;

« the new austenite (ynew), Originated from the eucte-
toid decomposition, is not identified at the mi-
crograph.

Theincrease of the heat treatment timeto 5 h increases
the sigma phase content, but does not ater the genera
feature of the microstructure.

The volumetric percentages of al phases, determined
by the described methods, are given in Tables2to 4. It is
verified that in the solution annealed aloys the austenite
and ferrite contents are close do 50%, and that after the
sigma phase precipitation there is a decrease of ferrite
content and the formation of a small amount of Ynew.

3.2. Chemical composition

After the volumetric percentage measurement, the
chemical composition of different phases was determi-
ned with the EDS technique. The results are given in
Tables5to 7. The sigma phase was only analyzed in the
alloy heat treated at 850 °C during 5 h due to its larger

Table 2. The volumetric percentages of y and a phases in the solution
annealed alloys.

Alloys V olumetric percentage (%)

y phase o phase
AV2205 595+10 405+£1.0
UR45N 50.7+ 3.6 493+ 3.6
URS0 501+ 37 499+ 37
3REG0 550+ 1.0 45.0+1.0

7 aad iy Moo LY 4 AT
Figure 2. Microstructure of the AV2205 aloy after heat treatment at
850 °C for 1 h. White: sigma phase; continuous gray: austenite; dispersed
gray: ferrite. 811X.
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Table 3. The volumetric percentages of Vin, Ynew, Ofinal and o phasesin
the alloys heat-treated for 1 h.

Alloys V olumetric percentage (%)

Yin Ynew Ofinal a
AV2205 505+10 55+15 140+x10 210+04
UR45N 50.7+36 57x74 150+x08 28665
URS50 50.1+37 38+£38 108+x05 353+09
3RE60 550+1.0 25+15 327+06 98+09

Table 4. The volumetric percentages of Vin, Ynew, Ofinal and o phasesin
the alloys heat-treated for 5 h.

Alloys Volumetric percentage (%)

Yin Ynew Ofinal (o]
AV2205 505+10 58+x16 25x07 322x11
UR45N 50.7+36 2736 83x03 383x02
URS50 501+37 18+37 30+x03 451+04
3REGO 55.0+10 44+12 277+05 129+05

volumetric fraction and consequently smaller measuring
error.

3.3. Determination of chemical composition of the new
austenite

Since the new austenite (Ynew) Was not microscopically
detected, it may be admitted that it has precipitated adjacent
to thealready existing austenite, whilethe sigmahasgrown
as a separate phase inside the ferrite.

The austenite precipitated in higher temperatures may
be admitted then as afilm between the sigma phase and the
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original austenite. This explains why its composition is
impossible to determine, because the EDS andytical beam
has a diameter of about 5 um, which is about half of the
original austenite lamellawidth. Thus, any attempt to ana-
lyzethisnew phasewill givethe composition of theoriginal
austenite.

The chemical composition of the new austenite was
then calculated theoretically, using the mass balance. This
was possible because the volumetric percentages of all
phases are known, as well as their chemical compositions
with the exception of that of new austenite. The steps
followed in order to perform the calculations are exempli-
fied for the alloy AV 2205 heat treated at 850 °C for 1 h.
The Table 8 displays for this alloy the amount of existing
phases under rea conditions and, in order to make easier
the reasoning, under the supposition that the alloy is 100%
ferritic.

In order to determine the composition of the new
austenite, it was assumed that the mass of theinitial ferrite
was 30 g and its volume and the mass of the remaining
phases were calculated as follows:

Morin

Vain= Dq

(4)

where Vin is the volume of the initial ferrite, Mqin is the
mass of the initia ferrite and D is the density of ferrite.
Since* D = 7.9 g/om?, it follows:

30

oV 3
79 3.797 cm

Vain =

The mass of the fina ferrite Myfina Will be then:

Vafina Da = 0.346Vin Do

Ma final

Mafina = 0.346x 3.797x 7.9=10.4¢

Table 5. The chemical composition of y and a phases in the solution annealed alloys.

Alloys Phase Elements (wt %)
Fe Cr Ni Mo Cu Mn Si

o 64.10 25.52 4.05 4.10 0.10 154 0.59
AV 2205

y 66.18 22.14 6.41 2.65 0.32 181 0.50

o 64.06 26.02 4.08 348 0.09 1.75 0.51
UR45N

y 66.38 21.71 6.91 221 0.08 2.19 0.52

o 62.85 26.26 4.37 352 0.97 1.37 0.67
UR50

y 65.19 21.44 7.29 2.16 1.67 1.60 0.65

o 67.98 2151 3.46 3.44 0.06 1.70 184
3RE6G0

y 69.74 18.67 5.70 2.14 0.24 195 156

*

phasels.

It was assumed that the density of ferrite is equal to the density of aferritic stainless steel having a composition similar to this
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Table 6. Chemical composition of o and y phases in the alloys heat-treated at 850 °C for 1 h.

Alloys Phase Elements(wt%)
Fe Cr Ni Mo Cu Mn S

o 66.91 25.22 2.60 2.56 0.19 1.47 0.51
AV 2205

y 66.41 21.93 6.42 2.56 0.25 191 0.53

o 65.89 26.44 3.02 2.25 0.07 1.80 0.55
UR45N

y 65.77 22.00 7.23 212 0.20 221 0.51

o 65.92 26.43 2.64 177 111 1.40 0.62
UR50

y 65.39 21.23 7.48 2.02 1.65 1.66 0.58

o 68.67 22.16 2.94 2.59 0.13 1.69 1.84
3RE6GO

y 69.90 18.59 5.68 2.16 0.20 1.87 1.60

Table 7. Chemical composition of a, y and o phases in the alloys heat-treated at 850 °C for 5 h.

Alloys Phase Elements (Wt%)
Fe Cr Ni Mo Cu Mn Si

AV 2205 a 68.43 25.18 246 1.76 0.24 143 0.51
y 66.35 22.03 6.37 2.64 0.35 181 0.46

o 57.24 31.16 241 6.93 0.04 152 0.71

UR45N a 68.88 2548 2.24 124 0.24 144 0.50
y 66.44 21.67 7.03 211 0.12 2.18 0.46

o 57.01 30.92 2.80 6.60 0.11 1.99 0.58

UR50 a 68.47 25.88 221 113 0.87 0.87 0.57
% 65.09 21.45 7.29 2.24 157 171 0.65

o) 56.39 31.80 2.82 6.26 0.84 1.47 0.84

3REGO a 69.20 22.67 2.60 216 0.15 143 1.79
% 70.17 18.48 5.61 2.20 0.16 182 1.66

o 57.77 2247 2.82 12.64 0.12 1.73 2.46

Table8. Thevolumetric percentage of the existing phasesin alloy AV 2205 heat-treated at 850 °C for 1 h, under real conditions and under the supposition

that the alloy is 100% ferritic.

Initial ferrite Final ferrite Sigma New austenite
(chin) (chfi nal) (Vc) (anew)
vol % 405+ 1.0 140+1.0 21.0+04 55+15
vol % 100 34.6 51.9 13.6

The mass of the new austenite Mynew iS given by:
Mynew = Vyne/v Dyne/v =0.136Vqin Dynelv
Assuming that Dynew = Dq it follows:

Mynew =0.136 x3.797x7.9=4.1¢

Finally, the mass of the sigma phase My can be deter-
mined by difference, that is:

My = 30.0-104-41 = 155¢

With the above mass val ues and the chemical composi-
tions given in Tables 5, 6 and 7 it is possible to caculate
the mass of each chemical element in the initia ferrite, in
the final ferrite and in the sigma phase. With these values
the mass of each element in the new austenite can be
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Table 9. The chemical composition of the new austenite for aloys
heat-treated at 850 °C for 1 h.

Elements Chemical composition (wt%)
AV2205  UR45N UR50 3REG0

Fe 80.51 86.95 81.57 80.68
Cr 3.85 0.31 - 7.53
Ni 13.49 12.21 16.90 1041
Mo - - - -
Mn 175 0.38 0.25 1.39
Si 0.29 0.13 - -
Cu 0.11 0.039 1.27 -

Table 10. The chemical composition of the new austenite for alloys heat

treated at 850 °C for 5 h.
Elements Chemical composition (wt%)
AV2205 UR45N UR50 3RE60
Fe 86.31 84.13 82.34 77.77
Cr - - - 9.82
Ni 1191 15.72 12.82 9.27
Mo - - - -
Mn 1.46 - 3.39 2.86
Si - 0.015 - 0.29
Cu 0.32 - 1.45 -

calculated by undertaking a mass balance, as exemplified
below for the iron element:

Mr =Mr-—(M_r +Mr)

ynew ain o find [}
where Mreisthe mass of ironin g.

After the mass of each element was calculated, it was
possibleto determine the wt% chemical composition of the
new austenite for all alloys, as presented in Tables 9 and
10.

It was found that the new austenite has a very low or
almost absent content of Cr and it hasno Mo at al. In the

Table 11. The pitting potentials of alloys solution annealed and heat-
treated at 850 °C for Lhand 5 h.

Alloys Pitting potential (mV.SCE)
solutionanneal 850 °C/1 h 850°C/5h
AV 2205 1034 + 40 495 + 40 329+ 26
UR45N 1018 £ 61 418+ 48 307 £ 37
URS0 1045+ 29 311+48 210+ 82
3REG0 514 + 142 303+ 63 310+ 29

Materials Research

3REGO aloy this phase has the largest Cr content, when
compared to the other alloys, but it is much lower than that
detected in the initial austenite.

3.4. Pitting potential

The pitting potentia's were determined from polariza-
tioncurves. They aregivenin Table 11; thepitting potential
was considered asthe one at which thereisasharp increase
in the current density value.

Under the solution anneal conditions the AV 2205,
URA45N and UR50 dloys did show a high pitting potential,
which implies a high corrosion resistance to this type of
attack; the 3BRE60 alloy, however, hasamuch lower pitting
potential, implying in a lower resistance to this type of
corrosion.

After the heat treatment at 850 °C there was a pro-
nounced decrease in pitting potential values, as a direct
consequence of the sigma phase precipitation. Thismay be
better visualized in Fig. 3, in which the pitting potential of
all alloysis plotted as afunction of volumetric percentage
of sigma phase.

3.5. Corrosion morphology examination

The Figs. 4 to 7 show the samples surface after the
potentiodynamic polarization tests. The AV 2205, UR45N
and UR50 solution annealed all oys displayed the sametype
of behavior, with very small pits, not larger than 30 um, as
that shownin Fig. 4 (secondary electronsimage). Using the
image formed with primary electrons it was possible to
determine the pitting nucleation sites, as shown in Fig. 5,
where two pitting nuclei are localized inside the austenite.
In the solution annealed alloys the pits were found in three
different locations: austenite, ferrite and the interface
austenite/ferrite; the Table 12 gives for the three above

1200 : e
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8 | _e_AV2205 |
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S 400 =
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E 200 — —
=
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0 10 20 30 40 50
Sigma phase / vol %

Figure 3. The pitting potential variation with the sigma phase volumetric
percentage. The pitting potential was determined in 3.5% NaCl aqueous
solution with a scanning rate of 1 mV/s started 5 min after theimmersion
of the sample inside the solution.
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alloys the nucleation percentage in each one of these loca
tions.

Ascan benoticed on Fig. 6 (secondary electronsimage)
at the 3REGO aloy the pits are much larger. Using the
primary electrons image (Fig. 7) it is observed that the
localized corrosion takes place exclusively over the
austenite, showing a great facility for nucleation, with
several corrosion nuclei over the same austenitic lamella

Figure4. Corrosion pit formed on solution annealed AV 2205 alloy after
the cyclic potentiodynamic polarization test. SEM - secondary electrons
image. 3000X.

180Mm
2,200

Figure 5. Corrosion pits (black spots) nucleated on austenite of the
solution annealed AV 2205 alloy after the cyclic potentiodynamic polari-
zation test. SEM - primary electrons image. 2200X.

Table 12. Thepitting percentagein three different locations, for the four
solution annealed alloys.

Alloys Pits (%)
Ferrite (a)  Austenite(y) Interface (aly)
AV2205 11 44 44
UR45N 19 45 36
UR50 14 23 63
3RE60 - 100 sporadic
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The typical aspect of the corroded surface of al aloys
after the sigma phase precipitation is shown in Fig. 8. It is
noticed that there is a very large facility for nucleation of
localized corrosion because the corroded areais very large
when compared with that of solution annealed condition.
Moreover, it is adso observed that the corrosion follows
preferential paths. An analysis of the primary electrons
images, shown in Fig. 9, indicates that the corrosion fol-
lowed exclusively two paths: the sigma/austenite interface
and the austenite/ferrite interface. Most of the corrosion
followed thefirst path.

4. Discussion

The experimental results did show that the presence of
sigma phaseis very detrimental to the corrosion resistance
of duplex stainless steels, as can be realized by the pitting
potentia results and by the aspect of the corroded surfaces.
It was found also that the corrosion was preferentialy of
the localized type at the austenite/sigmainterface. In order
to understand the reasons for this behavior it is essentia to

18r+m

Figure6. Localized corrosion on solution annealed 3RE60 alloy after the
cyclic potentiodynamic polarization test. SEM - secondary electrons
image. 3000X.

NLE &

— 18K m
al1i174 15KQ X1.088 15 |
Figure 7. Localized corrosion (black spots) on austenite of the solution
annealed 3RE6G05 alloy after the cyclic potentiodynamic polarization test.
SEM - primary electronsimage. 3000X.
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Figure 8. Corroded area of about 150 um (A) of the heat-treated UR45N
dloy at 850 °C/1 h after the cyclic potentiodynamic test, which resembles
an intergranular attack. SEM - secondary electrons image. 400X; (B)
2000X (detail of A).

Figure 9. Localized corrosion along the sigma/austenite interface (con-
tinuous black strips) on the heat-treated AV 2205 aloy at 850 °C/1 h after
the cyclic potentiodynamic test. SEM - primary electrons image. 3000X.

have a good knowledge of the sigma phase precipitation
mechanism.

As was already mentioned, the sigma phase precipita-
tion is determined by an euctetoid reaction in which the
ferrite is transformed into sigma and ferrite [Eq. (1)]. Ac-
cording to Barbosa et al.” up to 800 °C the euctetoid is
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lamellar, while above this temperature, around 900 °C, the
sigma phase precipitates in a massive form, leading to a
structure named as “divorced euctetoid”. In present inves-
tigation the | atter was the predominant type of sigmaphase
precipitation.

When alamellar structure is formed, the growth of the
sigmaand the austenite phasesis cooperative. Thishappens
because during the growth of austenite, which containsless
Cr and Mo than the sigma phase, these elements are ex-
pelledto the side so asto assist the sigmaphase growth, and
at the same time the sigma phase expels Ni so as to assist
theaustenite growth. Inthisway the austeniteand thesigma
phases are formed side by side, creating the lamellar struc-
ture. As the temperature increases, the distance through
which these elements diffuse becomes larger and, conse-
quently, the lamellae also become larger. In sufficiently
high temperatures, dueto alower thermodynamic potential,
there will be alarger difficulty to form new surfaces, and
sincethe diffusion distanceis aso large, thereisno forma-
tion of lamellae. Instead the“divorced” structureisformed,
that is, there is no cooperative growth and the phases are
separated into massive forms.

In this way, after the sigma phase precipitation the
structure of the four alloys has four phases with different
corrosion resistance, three of them having high Cr and Mo
content (the sigma phase, the ferrite and the initial
austenite) and the fourth, the new austenite, being essen-
tially a Fe-Ni aloy. Since the corrosion resistance is
strongly dependent on Cr and Mo content, it becomes clear
why the localized corrosion takes place at the
austenite/sigmainterface, which isthe place where the low
corrosion resistant new austenite is located.

Although the corrosion resistance evaluation was un-
dertaken with a technique that determines the pitting cor-
rosion resistance, the corrosion morphology observed on
alloyswith the sigma phase and on solution annealed alloy
3RE6GO isnot typical of pitting corrosion. It israther repre-
sentative of a selective corrosion of anon-corrosion resis-
tant phase, set up by its chemical composition.

5. Conclusions

The precipitation of sigma phase in duplex stainless
steels makesthem highly susceptibleto localized corrosion
at the interface between the sigma phase and the austenite.

The performed calculations indicate that during the
euctetoid decomposition of ferrite a divorced austenite
lamellaisformed at the sigma/austenite interface, whichis
Mo free and whose Cr content isvery low. Therewill beno
difficulty then to breakdown the passive film of this la
mella, allowing a selective corrosion of this phase to pro-
ceed easily.
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