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Abstract

This work aims (o investigate the relation between PREN of ferrite and austenite and the
pitting potential of UNS S31803 DSS. Samples were solution-threated between 1040 and
1150 °C generating different phase fractions and, consequently, different allov element
contents. ThermoCale™ thermodynamic simulations were performed o predict the chemical
composition of each phase allowing the PREN calculations. Besides, potentiodynamic
polarization tests were conducted in 0.6M NaCl solution at 70°C to correlate pitting potential
{Epit) and PREN. Thermodynamic simulation reveals that PREN for ferrite is higher than
austenite between 975 and 1300 °C. Nevertheless, the electrochemical results show a slight
reduction of pitting potential with increasing lemmte conlent, probably related to the reduction
of Cr and Mo contents in lhis phase. Pits were [ound preferably in lemite and n
ferrite/austenite interfaces. This behavior sugeests that even with only a slight reduction of
pitting potential and, consequently, a discrete corrosion resistance reduction, ferrite 1s more
susceptible to pitting. No pits were found in austenite, suggesting that higher N contents arc
lundamental to maimtaim the corrosion resistance of this phase.
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1. Introduciion

Duplex Stainless Steels (DS88) are composed by ferrite (n) and austenite (y) in
approximaltely cqual amounts and have been used in applications where 1s required both high
mechanical and corrosion resistances [1-37. The higher N contents enhances both properties
and also, its weldability [3], allowing s application in chenucal, oil and gas, pulp and paper,
food and energy industries. Thus, the microstructure and the alloy element additions as Cr, Mo
and N [2] contribute to the DSS properties.

The Pitting Resistance Equivalent Number (PREN) [4-5] is widely used to categorize
duplex steels as saper duplex (above 4()), standard duplex (hetween 3() and 40) and lean
duplex (below 30}, and is also wsed o rank this malenial on corrosion resislance using
chemical composition {%wt) as presented i equation (1)

PREN = %Cr + 3.3 (%Mo + 0.5% W) + 16 %N ()

Nevertheless, the PREN do not consider microstructural effects as grain size,
intermetallic and/or secondary phases. other non-homogeneities like inclusions, and the alloy
glement partition in duplex microstruclure that may influence the electrochemical behaviour
of this materials [4-5]. In DSS, ferrite contains the highest contents of Cr, 51 and Mo. In
contrast, Ni, Mn, Cu, C and N are preferably partitioned to avstenite [ 1-2.6].
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Garfias-Mesias [7] suggest that the use of PREN to predict pilting corrosion resistance
in DSS assumes that the steel production used the correct heat treatment to adjust the
recommended ferrite and austenite volume fractions, the absence of intermetallic phases or
precipitates, and the partidon of alloy elements of the material. Furthermore, the guality
control must ensure that P, § and C contents, and the nucleation sites for pitting formation, are
maintained in low levels.

Mot only the presence of alloy elements but also its partition between ferrite and
austenite may influence the corrosion resistance of DSS. Magnabosco [8] found pitting
corrosion in hoth ferrite and awstenite phases. Nevertheless. austenite presents the high N
conlents suggesting high corrosion resistance ol this phase. The evidences Tound in hlerature
indicates that PREN may not be evaluated for the global chemical composition of DSS, but
for each phase separately and then, the PREN to be considered for the material 1s the lower
value found.

This work aims to investigate the relationship between PREN of ferrite and anstenite,
in UNS 831803 samples wilh different volume ractions, and the pitting potental registered o
gach sample condition. The chemical composition of ferrite and austenite with different
volume fraction was determined by thermodynamic calculations.

2. Methodology

The studied material, an Outokumpu UNS S31803 DSS, has the chemical composition
given 1n lable 1. The specimens were obtained from a 3 mm sheet with dimensions of
approximately 30 mm width and 60 mm length with different solution heat treatments
condilions.

Table 1. Chemical composition of UNS S31803 DSS (witf)
Cr Ni Mo Mn N C St Cu Co P S Nb  Fe
2248 574 320 142 0162 0018 035 015 0407 0.019 0001 0.006 Bal

Heat-treated specimens were abraded to a 220-grit finish before mounting in
thermosetting plastic, leaving an exposed surface area of approximately 0.5 cm?, parallel to
the rolling direction. The mounted samples were metallographic polished with final polishing
provided by 1-um diamond abrasive. The samples were etched with modified Beraha reagent
(composed of 20 mL HCL, 80 mL distlled water and 1 g K25:0s; to thas stock solution, 2 g of
NH4F.HF were added just before the etching) just before the metallographic characterization
through optical microscopy.

Thermodynamic simulation using ThermoCalc®™ version 2018b  software was
performed using TCFES thermodynamic datahase. The PREN calculation was obtained from
the simulated Cr. Mo, and N equilibrium contents and its relation to the pitting potential was
determined through electrochemical testes.

Potentiodynamic polarization tests were conducted in 0.6M (3.5%w ) sodium chlonde
solution (pH=6.5) expnsed to laboratory air, in a jacket cell at 75°C at a scan rate of 1 mV/s,
beginning 200mV below the open circuit potential (OCP) measurad after 5 min of immersion.
The test cell had a platinum wire as counter electrode and AglAgCl (silverlsilver chloride) as a
reference electrode. Immediately after the polarization, sample surfaces were washed with
distilled water and then with ethyl alcohol (C:HsOH). dried with hot blown air, and then
analysed through OM,
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3. Results and Discussion

The thermodynamic simulation using ThermoCalc® software with TCFES database is
presented in Fig. 1, and shows that above 975°C only ferrite and awvstenite coexislts in
equilibrium. Both sigma and chromiam nitride only appear below this temperature.
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Fig.1, Equilibrium phase volume percent of UNS S31806 DSS between 500 and
1500°C.

C'r, Mo and N contents estimated by ThermoCa Ic® software are shown in Fig. 2 (a-c),
and are the base for PREN calculations showed in Fig. 2 (d). As expected, ferrite is richer in
Cr and Mo and austenite in N. Nevertheless, analysing Fig 2 (d), PREN of femite (PREN w) is
higher than PREN of austenite (PREN v) in all temperature range between 500 and 1300°C,
with an exception of the temperatore of 1320°C where the PREN of ferrite and avustenite are
equal. Thus, considering only the chemical composition of the material, ferrite could be more
corrosion resistant than austenite,

Figure 3 explore the metallographic analysis of the samples with different fernte
volume percent. The guantitative slereology of those samples for ferrile volume [raction
determination allowed the prediction of the equilibrium temperature through ThermoCale®
software and the precise valies of PREN of farrite and anstenite, as shown in Table 2.

Table 2. UNS 531803 duplex stainless-steel sample characterization parameters.

pee Tt Z
Sample % ferrite equl.ﬁiﬁ{:rf?i; Pﬂf_ T;‘r:;ﬂf o | PREN@ PREN(Y)
(@) | 44928 | 1070 39.1 33.1
b) | 490438 1110 38.3 33.2
© | 82719 | 1310 19 34
d) | 966+14 1340 L 374 33.4
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Fig. 2. Cr (a). Mo (b) and N (c¢) contents and PREN calculus (d) in ferrite and austenite
as a function of solution-treatment emperarure,

Analysing the T'able 2 it is evident the PREN-o reduction with increasing ferrite volume
fraction as PREN-y remains almost constant. The partition of alloy elements on both phases
suggests that as fermle volume raction increases, the fermite corrosion resistance decreases as

Crand Mo contents also decreases.

Electrochemical testz through polarization curves were conducted in all the samples, and
typical results are presented in Fig. 4. The pitting potential. from which a pit nucleates and
growth in stable conditions, decreases as ferrite volume fraction increases, probably caused by
Cr and Mo reduction in this phase leading o PREN-a reduction. This observation suggesls
that ferrite plays un important role in pitting corrosion resistance of the material.
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Fig. 3. UNS 831803 duplex stainless steel with different ferrite (black) volume fraction:
(a) 44,042 8%, (b) 49.0£3.8%; (c) 82.7+1.9%; (d) 96.621.4%. Modified Beraha etching.
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Fig. 4. Potentiodynamic polatization curves of UNS S31803 duplex stainless steel in
0.6M NaCl solution at 75°C in samples with different ferrite ractions.
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The analysis of both pitting potentials (Egi;) and the PREN for ferrite and austenite with
increasing ferrite percent is necessary and presented in Figure 5. A light decrease in the
medium pitting potential values with increasing ferrite percent (and reduction of PREN «) is
observed. The increase in ferrite percent leads to the decrease in Cr and Mo contents more
sharply in ferrite if compared to austenite as previously seen in Figure 2 (a) and (b). This
behaviour may be related (o the slight decrease of pitting polential and m PREN o observed
Figure 3. Instead, the PEEN v 1s almost constant even in different ferrite volume contents.

00 40
e Epite ¢ PREN (a) * PREN (v)
700  f L 39
» 5
600 s - 38
— 500 . - 37
2 ° ¢ z
= 400 - 36
= =
-E ™
= 300 - 35
=5
5]
200 - 34
L * ¢
100 L L83
0 - : ; ; iz
40 S0 6l 70 ¥ Ui 100

%o Ferrite (u)

Fig. 5. Pirting potential (Epi) and PREN as a funetion of ferrite percent.

Other evidences of this behaviour may be observed in the optical microscopy of the
samples afler polarization tests (Fig. 6). Pitting lormation occurs prefzrably m ferrite and in
ferrite/austenite interfaces. In the samples with a less ferrite volume fraction, pits were found
preferably in ferritefavstenite interfaces as presented in Fig. 6 (a), but also same pits were
present inside ferrite phase. As with low solution treatment temperatres leads o a higher
number of interfaces, as shown in Fig. 3 (a), and knowing that pitting occurs preferably in
non-homogeneities like grain boundaries. inclusions and interfaces, the occurrence of pitting
in ferrite/austenite interfaces is justified.

However, in the samples where the ferrite volume percent is high (Fig. 3 c-d). pits are
found in ferrite phase or in non-homegeneities like inclusions (Fig. 6 c¢-d). No pitting was
found in austenite islands, showing that even PREN-a being higher PREN-v, apparently ferrite
is less pitting resistant than austenite in the tested conditions. Probably the explanation tor this
behaviour is not in Cr and Mo contents on both phases, but the presence of N in austenite.
This result cormroborates other authors conclusions [2.8] which stated that austemite phase 1s
more corrosion resistant than ferrite in duplex steels, As reported in those publications,
ammonia formation as the product of the reaction of N with H dissolved in the solution would
raise locally the pH leading to the passivation ol the matenials surface, reducing the tendency
to pitting occurrence 2/,

&5



-

Fig. 6. Optical micrography of UNS §31803 after potentiodynamic tests in (0.6M NaCl
solution at 73°C etched with oxalic acid. Pits are indicated by red arrows.

Conclaosions

Thermodynamic simulation reveals that, using Cr, Ni, Mo and N equilibrium contents. the
PREN for ferritc is higher than austenite between 975 and 1300 °C. Nevertheless, the
clectrochemieal results show a slight reduction of pitting potential with increasing ferrite
content, probably related to the reduction of Cr and Mo conlents in this phase. Pils were found
preferably in ferrite and in ferrite/austenite interfaces. This behavior suggests that even with
only a slight reduction of pitting potential and, consequently, a discrete corrosion resistance
reduction, ferrite is more susceptible to pitting. No pits were found in austenite, suggesting
that higher N contents are fundamental to maintain the corrosion resistance of this phase.
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