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Investigation of pitting corrosion by potentiostatic polarization measurements
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In the present study, two austenitic stainless steels (conventional Cr18Ni9 and high nitrogen Crl8Mni12N) are
examined with the purpose of demonstrate applicability and sensibility of potentiostatic polarization method to pitting
corrosion investigation. The experiments were conducted in 0.1 M Na;HPO4 + 0.5 M NaCl at room temperature and

open air conditions.

According to cyclic potentiodynamic polarization method for stable pits development on the surface of nitrogen
bearing steel lower anodic polarization is necessary in comparison with the nickel containing steel. The latter is
acriterion for lower pitting corrosion resistance. However, the pitting potential values obtained potentiostatically are by
0.2 V more positive and what is more, the potentiostatic method reveals metastable pits on Cr 18Mn12N steel with
longer incubation time. The combination of results from the both used methods revises the final conclusion for the

pitting corrosion resistance in nitrogen bearing steel favour.
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INTRODUCTION

The investigation of pitting corrosion is really
important for evaluation of corrosion behaviour of
stainless steels. The most used method of pitting
corrosion studies is the cyclic potentiodynamic
polarization method (CPPM). However, some of
the corrosion parameters determined by it strongly
depend from scan rate of potential even the
experiments were performed at very low values of
it [1, 2]. The other conditions influencing the
pitting corrosion parameters obtained
potentiodynamically are the surface state, i.e. the
surface finishing, treatment and metallurgical
factors [2]. Therefore, the use of additional
electrochemical methods for proving and
clarification of pits nucleation Kkinetic is
recommendable.

One of these rarely used electrochemical
methods is the potentiostatic polarization method
(PPM) which serves as a basis of other
investigation methods namely Potentiostatic scratch
method, Pulse potentiostatic method, etc. [3].
However, Schwenk et al. [4] show that it is the
most reliable way of evaluating susceptibility to
pitting corrosion. The PPM could surmount the
disadvantages of CPPM and obtain more real
evaluation of pitting potential (Epix). The method
consists in continuous polarization of the examined
samples at potentials before and after the pitting
and repassivation (Er) potentials previously
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defined by CPPM. Some of the authors [5] accepted
that pits start to appear when the resulting current
exceeds 10 uA cm2. The time in which the current
suddenly rise is called incubation or induction time
(t). This is another important index which might be
obtained only by PPM.

Potentiostatic polarization method was used and
for assessment of the critical pitting temperature [6]
applying fixed potential and continuously
increasing the temperature until stable pits
appearance.

In the present study, two austenitic stainless
steels (conventional Crl18Ni9 and high nitrogen
Cr18Mn12N) are examined with the purpose to
demonstrate the applicability and the sensibility of
PPM to pitting corrosion investigation.

EXPERIMENTAL

Two austenitic stainless steels: the conventional
Cr18Ni9 and the high nitrogen steel, (HNS)
Cr18Mn12N were investigated in 0.1 M Na;HPO4
solutions containing 0.5 M NaCl. All tests were
carried out in a conventional three electrodes cell in
open air conditions at room temperature with a
platinum counter electrode and a saturated calomel
electrode (SCE) as a reference electrode. All
potentials were reported with respect to the SCE.
Two electrochemical methods were used: (i) Cyclic
potentiodynamic polarization method and (ii)
Potentiostatic polarization method.

The electrochemical results were obtained with
a Galvanostat/potentiostat  (Princeton  Applied
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Research Model 263) and computer software Power
Suite.

RESULTS

In order to determine the characteristic pitting
potentials by CPPM, experiments with scan rate 1
mV.s™ were carried out. The obtained dependencies
are presented on Fig. 1. From these dependencies
the values of pitting potentials (Epix) for both steels
were established and pointed out on the figure. It is
well expressed that the Epix of nickel containing
steel is more than 0.2 V higher than the nitrogen
steel one. Regarding these Epix Vvalues the
Cr18Mnl12N steel is more susceptible to pitting
corrosion in this corrosion environment. If the
pitting corrosion susceptibility is evaluated only by
CPPM the Cr18Ni9 steel would be reported as the
more stable one.

These potentials values were used to determine
the potential range in which the potentiostatic
polarization experiments to be performed as well as
to compare the Eix values obtained by both used
methods.

The typical potentiostatic dependencies obtained
at the applied potentials around the previously
determined by CPPM E,i: are given in Fig. 2 and
Fig. 3.
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Fig. 1.  Cyclic  potentiodynamic  polarization

dependencies, 1 mV.s?, 25°C.

From the dependencies at applied potentials
more negative than pitting potential information
about the passive films thickness and itsstability
could be drawn [7]. It is accepted that the lower
current density means more stable (thicker) passive
layer as the time necessary for passive film
breakdown depends from the film thickness [8].
From Fig. 2 it is obvious that both steels are in
passive state and what is more there are not
significant differences between the reached steady
current densities. However, the nitrogen steel has
slightly lower steady current densities which might
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be sign for more stable passive layer controversy to
the results from cyclic potentiodynamic
experiments.

The results obtained at more positive than Epix
potentials reveal that the current densities differ for
both investigated steels. Here, it is well
distinguished that the nitrogen containing steel has
lower current density than the nickel one at the
same applied potential (i.e. 0.36 or 0.38 V(SCE)).
Additionally, it is clear that the pitting potentials
determined by potentiostatic method (about 0.36
V(SCE) for both steels) are not the same as these
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Fig. 2. Current density vs. time dependencies at
Eap<Epitt: (8) Cr18Mn12N and (b) Cr18Ni9.

obtained by potentiodynamically polarization
method (0.32 V(SCE) for Cr18Mn12N and 0.54
V(SCE) for Cr18Ni9). Thus, the both steels could
have similar susceptibility to pitting corrosion in
contrary to results presented on Fig. 1.

In addition, the dependencies for nitrogen steel
at applied potentials 0.30 and 0.34 V(SCE) show
that there is a metastable pits nucleation on the
surface. It is expressed by small picks in the curve
but the current density keeps its low value. Each
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small fluctuation replies to pit initiation and
repassivation [9-11]. These appeared and
repassivated pits cannot be always registered by
potentiodynamic measurements due to the limited
resolution of the potentiostat. So, they must grow to
a certain size before they can be registered. This
growing needs time, and that is why they appear at
more positive potentials in potentiodynamic
measurements or the last registered only stable pits
growing.
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Fig. 3. Current density vs. time dependencies
Eap>Epier: (@) Cr18Mn12N and (b) Cr18Ni9.
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Fig. 4. Velocity of pits nucleation vs. applied
potentials

An useful information which can be drawn from
the potentiostatic results concerns the incubation
time (t). This is the time at which after the initial
decrease the current density suddenly rises, hence
this is the time required for pits growth to start [12].
Comparing the dependencies obtained for both
steels it is well expressed that the incubation time
of Cr18Ni9 steel is significantly shorter that this of
the Cr18Mn12N. This fact gives additional
information about the stability of the passive films
and cannot be established by the cyclic
potentiodynamic method.

In addition, the rate of pits nucleation (expressed
by 1/ti, s [13]) vs. applied potential is shown in
Fig. 4. The rate of pits initiation also gives valuable
information. It is clear that the stable pits onto
Cr18Ni9 steel surface appear at 0.36 V(SCE) and
develop faster than pits on Cri8Mnl2N steel
surface which have rather metastable character.

Generalising  the  results obtained by
potentiostatic polarization method it is well
expressed that the Cr18Mnl2N steel has similar
corrosion resistance to pitting corrosion as Cr18Ni9
steel, which is completely opposite to the
conclusion drown from the results obtained by
potentiodynamic method. Similar contradiction but
in opposite direction was established and by
Olefjord et al. [14] who studied
Cr20Ni20Mo6N0.011 and Cr20Ni20Mo6N0.19
steels in HCI solutions. In the same way, they
established that even the potentiodynamic
dependencies do not show difference in the steel's
behavior the potentiostatic dependencies at the
same applied potential differ significantly. These
inconsistencies of the results obtained by both
methods suggest that the choice of method for
pitting corrosion investigation must be made
depending on the corrosion media on the one hand
and the investigated material on the other hand. The
choice of different study method has to depend on
different properties of the formed in different
corrosion environment passive films and on
different surface conditions related to the pits
nucleation. These surface conditions include
different active sites for pits nucleation on materials
(metallurgical defects, finishing, etc.). So, the
potentiostatic results could be great supplement and
verification to the results of potentiodynamic
polarization method.

CONCLUSIONS

Taking into consideration all written above it
can be concluded that:

1. During electrochemical studies of pitting
corrosion the using of potentiostatic experiments
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after  cyclic  potentiodynamic  polarization
measurements will provide really important and
useful information for the susceptibility of
materials to pitting corrosion and the type of the
appeared pits.

2. The use of only potentiodynamic polarization
method for determining and comparing the
behaviour of various materials in a given
environment is not sufficient.

3. The evaluation of properties of the passive
layers could be made using the potentiostatic
polarization method.

4. The choice of appropriate method for
evaluation of corrosion behaviour of materials
strongly depends from the materials themselves and
from the concrete corrosion environment.
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N3CJIEABAHE HA ITMTUHI'OBA KOPO3MA ITOCPEACTBOM ITOTEHLHNOCTATUYHU
[HOJIAPU3ALIMOHHU U3CJIEIBAHUA

M. X. Jlykaiiuepal”
! Texnuuecku ynuseepcumem —Cogpus, 6yn. Kn. Oxpuocku 8, 1756 Cogpus, Bvazapus
IMocthnmia Ha 15 oktomBpu, 2015 r.; kopurupana Ha 8 Gpespyapu, 2016 .
(Pestome)

B Hactosimata paboTa ca W3CNeBaHM JBE AyCTEHUTHH HEPBHKIAEMH CTOMaHM (KOHBEHIMOHAHATa
Cr18Ni9 u Bucoko azornata Cr18Mnl12N) ¢ men 1a ce JeMOHCTpHPA MPUIOKUMOCTTa H 4YBCTBUTEIHOCTTA
Ha NOTEHIIMOCTATHYHHUS MOJISIPU3AIIOHEH METO/] TIPY M3CIIe/IBaHe Ha MUTUHTOBa Kopo3us. ExcriepiMeHTHTe
ca nposezieHn B 0.1 MNa;HPO4 + 0.5 MNaCl npu craitna remnepatypa.

Crnopel IMKIMYHHUS TNOTCHUIMOJUHAMUYEH TMOJIIPU3ALMOHEH METOJA 3a Pa3BUTHETO Ha YCTOWYHBO
HapacTBallM MUTHHIM Ha MOBBPXHOCTTa Ha a30THaTa CTOMaHa € HeoO0XOoOuMa MO-HHCKa aHOAHA
nmoJisipu3alyisi B CpaBHEHHWE C Ta3W NPH HHKeloBarta cToMana. [loclneHOTO € KpuTepuil 3a IMo-HUCKa
YCTOWYMBOCT KbM NMUTHHIOBa Kopo3usa. OOpaTHO, MOTEHIHMAIUTE HAa MUTUHrooOpa3yBaHE IOJMYYEHU 4pe3
npuiaraHe Ha IMOTEHLOCTATUYHUs MoJsipu3annoHeH Meton ca ¢ 0.2 V HO-TIONIOKUTENHH, HEello TOoBede
MOTEHIIMOCTATHYHHAT METOJ] OTKPHMBA METACTAOWIHM MUTHHTH BhpXy ctoMaHa Crl8Mnl2N, paszsusamm ce
cliell TO-TPOJBDKUTEIHO MHKYOAaMoHHO Bpeme. CBBMECTHOTO pasIiIekXJaHe Ha pe3ylNTaTHUTe OT JABaTa
W3I0JI3BaHU METOAA MIPOMEHS KpaiHOTO 3aKIII0YEHHE 32 yCTOWYMBOCTTA KbM MUTHHIOBA KOPO3US B I10JI3a HA
a30T-ChIbprKalaTta CTOMaHa.
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