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Abstract

Lean duplex stainless steels are ferritic-ausiesteel, and they present the
excellent corrosion resistance of austenite stewl the high mechanical
behaviour of ferrite steel. General important csiwa problems in duplex
stainless steels at 475°C have been already detefléhough the worst
temperature is 475°C, corrosion can still formaavdr or higher temperatures.
The purpose of this work was to ascertain how 3@uteis isothermal heat
treatments at 485°C and corrosion time effect éhative mass loss and profile
roughness parameters of X2CrNiN23-4 lean duplexnlstss steel. The
real critical temperature for researching steel waterminate by the DSC
method. Corrosion tests were conducted in a niawed medium by the
measurement of loss in mass (Huey test). The deerosedia was boiling nitric
acid V 65%. The corrosion rate of the X2CrNiN23#e$ was measured
in mm/year and in g/fn



188 PROBLEMY EKSPLOATACJI — MAINTENANCE PROBLEMS 3-2016

Introduction

The family duplex stainless steel was introducedentban 85 years ago.
One with of the famous products is lean duplex|stéds a very attractive
combination of the austenitic and ferritic ste€lfiey have high corrosion
resistance (the chloride pitting and crevice cooms good mechanical
properties and excellent low cost when comparethéoother stainless steel
with high performance materials, mainly Ni-basedhe Tproperties of duplex
steels are functions of chemical compositions ambri¢ation processes.
Corrosion performance of duplex steels primarilpetels on alloy content. The
main elements for pitting corrosion resistance@reMo, N, and W. For these
elements, pitting corrosion resistance is measuweth PREN (Pitting
Resistance Equivalent Number). Lean duplex steehés of the cheaper steels
in the duplex family [1-6].

General and important corrosion problems in duméainless steels at
475°C have been already detected. Although thetwersperature is 475°C,
corrosion can still form at lower or higher temgaras. There steels are more
prone than austenitic steels to precipitation aGig@s causing embrittlement and
reduced corrosion resistance. The formation ofriné¢allic phases, such as the
sigma phase, occurs in the temperature range ef9800C and the reformation
of ferrite occurs in the range of 350-525°C (entlemhent). However, the
performance presented by duplex stainless steeldeadrastically reduced if
undesirable phases, such as the sigma phase, thphake, or secondary
austenite, and a lot of rich chromium and carbjategipitates. The sigma phase
is rich in chromium and molybdenum, and it is fodhy ferrite decomposition,
at temperatures over 500°C. In normal alloying, ttesatment or welding
processes, the risk of embrittlement is not to High3]. Generally, the higher
the superheating temperature, the higher is thetdecontent. However, the
steel must be heated to very high temperaturestorbe completely ferritic.
Then heat treatment processes, for both solutioeaimg and stress relieving,
is advisable at certain temperatures with subseqragid cooling in water
[4, 6]. Many authors report that the corrosion s&sice of stainless steels
depends on rich chromium precipitates in the micoosure [1-3].

The purpose of this work was to ascertain how 3@uel isothermal heat
treatments at 485°C (embrittlement temperature) @ndsion time effect the
relative mass loss and profile roughness parameterX2CrNiN23-4 lean
duplex stainless steel, which is important for isitial uses.

1. Materials and methods

The experiment was performed with lean duplex &tag X2CrNiN23-4
steel. The chemical composition of the X2CrNiN2%#el is presented in
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Tab. 1. Before the experiments, the specimens witharea of 13 ch
(4 x 1 x 0.5 cm) were successively polished tp=R0.16 um, and then
mechanically cleaned with 95% alcohol.

Table 1. Chemical composition of the X2CrNiN23-4 ktee

Mean chemical compositions [wt.%]

C Si Mn P S Cr Mo Ni N

0.02 0.45 1.42 0.02 0.001 22.05 0.47 4.20 0.10

The samples were held at a temperature of’@86r 30 minutes and
air cooled. The experiments were conducted in adecme with standard
PN EN ISO 3651-1:2004 (Determination of resistaticetergranular corrosion
of stainless steels. Part 1. Austenitic and fergtistenitic (duplex) stainless
steels). Corrosion test were conducted in a ratrid medium by measurement of
loss in mass (Huey test), and the corrosive mediee wepresented by boiling
nitric acid V 65%.

The samples of X2CrNiN23-4 steel (about 10 mg) wamalysed using
Dynamic Scanning Calorimetry measurement by NEITEC204 F1 Phoenix
and DSC/dt in nitrogen atmosphere (with a consfiamt of 20 ml/min) using
Neitsch-Proteus 5.1 software. DSC measurements warged out in the
temperature range of 20—-650°C with a heating rAi®t/min.

The corrosion rate of the X2CrNiN23-4 steel measure mm/year was
calculated with the use of formula (1), and whee ttorrosion rate was
measured in g/frthe second formula (2) was used. They are asisllo

_ 8760m

Feorm = S[ﬂ@ (1)
10000m
rcorg = S i (2)
where
t — time of treatment in a corrosive solution diling nitric acid

[hours],
S — surface area of the sample fim
m— average mass loss in boiling solution [g],

o — sample density [g/clhn

The influence of boiling nitric acid on the X2CrNeR-4 steel corrosion
resistance was investigated using weight loss. mlass of samples were
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measured by a Kern ALT 3104AM general laboratoscigion balance with an
accuracy of measurement of 0.0001 g.

Profile roughness parameters were analysed accgprdio the
PN-EN 10049:2014-03 standardMdasurement of roughness average Ra
and peak count RPc on metallic flat prodidig the Diavite DH5 profilometer.

2. Results

Dynamic Scanning Calorimetry curves of heating mmesment from 350 to
650°C (according to literature — embrittlement teragure of 485°C) for the duplex
steel for the heating rate of 10°C/min, as an e¥@ampe presented in Fig. 1.
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Fig. 1. Heating curve of X2CrNiN23-4 steel, statitagen atmosphere, cooling rate 10°C /min

The microstructure of raw X2CrNiN23-4 lean dupléged is presented in
Fig. 2. Hot rolling with the phase orientation oR2&rNiN23-4duplex steel
forms a fine elongated lamellar structure of ligihthed austenite and a light
etched ferrite phase. The surface of X2CrNiN23eklsainnealed at 485°C for
30 minutes and air-cooled after corrosion testboiing HNO; for a boiling
time of 48 hours is presented in Fig. 3.

Profile roughness parameters of X2CrNiN23-4 steelpgesented in Fig. 4.
Profile roughness parameters of X2CrNiN23-4 steé@hwR, — arithmetic
average of absolute values [ur®, — maximum peak height [umR, — root
mean squared [umR — Maximum Height of the Profile [um] after corrosi
tests in boiling HN@ for different boiling times is presented in Fig. 5.
Regression equations (3-6) were used to calcutatelation coefficients, r.
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Fig. 2. Microstructure of raw X2CrNiN23-4 Fig. 3. Surface of X2CrNiN23-4 steel annealed
rolled duplex steel: light etched at 485C for 30 min. and cooling down
austenite and dark etched ferrite on air after corrosion tests in boiling

HNO;for time =48 h
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Fig. 4. Profile roughness of X2CrNiN23-4 steel annealed &°€ for 30 min. and air-cooled
after corrosion tests in boiling HN@r boiling time = 48 hours

R, =0.00581 + 235andr = 0.9763 3)
R, =0.00791 + 318andr = 0.9946 (4)
R =0.0002[f* —0029 + 223andr = 0.9927 (5)
R, =500 [* —0011f + 2061andr = 0.9942 (6)

The percentage effects of corrosion time on thatiked mass loss (RML) of
X2CrNiN23-4 steel annealed at 485°C for 30 minugesl air-cooled are
presented in Fig. 6, and regression equation (74 used to calculate the
correlation coefficients.
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RML = 0244[t —1635andr =0.9952 @)

The effects of corrosion time on the corrosion ragasured in mm per year
of X2CrNiN23-4 steel annealed at 485for 30 minutes and air-cooled are
presented in Fig. 7. The regression equation (8 wsed to calculate the
correlation coefficientr. The corrosion rate measured in gram pér im
presented in Fig. 8, and regression equation (% used to calculate the
correlation coefficient.
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Fig. 5. Profile roughness of X2CrNiN23-4 steel arle@aat 485°C for 30 min. and air-cooled
after corrosion tests in boiling HNGor different boiling times: aR, — arithmetic
averageof absolute valuefim], R, —root mean squarg@m]; b) R, — maximum peak
height [um],R, — maximum height of the profile [um]
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Fig. 6. Percentage effects of corrosion time orig. 7. Effects of corrosion time on the
the relative mass loss (RML) of corrosion rate measured in mm per
X2CrNiN23-4 steel annealed at 485°C year of X2CrNiN23-4 steel annealed at
for 30 minutes and air-cooled 485°C for 30 minutes and air-cooled
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Fig. 8. Corrosion rate measured of X2CrNiN23-4 steglealed at 485°C for 30 minutes and air-
-cooled

rom = 10990n(t) —402 andr = 0.9967 (8)

corm

o = 10030n(t) ~36.7 andr = 0.9967 9)

corg

3. Discussion

The exothermic peak (Fig. 3) with a.d: at about 428°C, g4 at about
560°C and Jea about 486°C, according to literature [2, 7, 11], I8presents
the dissolving of chromium-rich’-phase. The reformation of ferrite occurs in
the range of 350-525°C, and embrittlement takesepta 485°C. In the studied
steel, range phase precipitates at the cooling rate of 10°D from the range
of 428-560°C. Most efficient precipitation takesq# at 486°C. This range is
very important for industries as a critical coraystemperature range. Carrying
out processes in this temperature range can leadrtp damage as a result of
corrosion. Figure 5 presents profile roughnessmaters, and corrosion rates in
Figures 6—8 indicate the effects of corrosion iatien to regression equations.
These can illustrate the changes taking place emstiface of the material, and
they can be used to compare the robustness inotleswn of a product. For
this purpose, two equations can be used (8) andH@yever, their application
in practice requires the use of a factor that ésrtttio of the aggressiveness of
the acid used for the test and working medium.

Conclusions

1. Annealing the X2CrNiN23-4 lean duplex steels framperatures of 428°C
to 560°C probably causes the dissolving of chromiigimo -phase.
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. The arithmetic average of absolute values and roean squarecan be

described as linear functions, but the maximum pgegight and maximum
height of the profileare expressed as exponentraitfons.

. Percentage effects of corrosion time on the redamhass loss with a very

high probability are proportional with a linear weg. The corrosion rate
measured in mm/year and in gtran be described by logarithmic functions.
BecauseR, and R, linearly increase with the increase of the timettud
corrosion process, based on the profiles of rougthiparameters, every one
of the research times determine the size of dugties! corrosion.
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Korozja stali nierdzewnej lean duplex w gatunku X2GNiN 23-4
po wyzarzaniu w temperaturze 485°C

Stowa kluczowe

Stal nierdzewna, stal duplex, korozja, szydgékicorozji, profil chropowatéci.
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Streszczenie

Stale nierdzewne Lean duplex stalami ferrytyczno-austenitycznymi
o doskonatej odporsoi na koroz¢ stali austenitycznej, a wysokich
wiasciwosciach mechanicznych stali ferrytycznej. ¥dg problem korozji stal
odpornej na korogj duplex w temperaturze 475°C zostal jstwierdzony.
Chocia najniekorzystniejsz temperatuy jest 475°C, korozja nmie przebiega
zarbwno w temperaturze 23zej, jak i wyszej. Celem niniejszej pracy byto
zbadanie, jak 30-minutowe izotermicznezaszanie stali w temperaturze 485°C
oraz czas przetrzymywania wrodku korozyjnym wptynie na ubytek masowy
oraz chropowat& powierzchni stali lean duplex w gatunku X2CrNiN23-
Rzeczywista temperatura krytyczna dla biad#ali zostata ok&ona metod
DSC. Badanie korozyjne (ubytku masy) prowadzonosradowisku kwasu
azotowego V 65% w temperaturze wrzenia (test Huegdkos¢ korozji stali
X2CrNiN23-4 okrdlono w mm/rok i w g/m





