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ABSTRACT

The corrosion behavior of CriSMni2N (0.61% N) and Cri18Ni9 steels in water solutions of sodium orthophosphates
(NaH PO, Na,HPO,u Na PO, - 0.1 M, with sodium chloride addition (0.5M) have been investigated by potentiostatic

and galvanostatic methods.-

Galvanostatic results reveal that both steels exhibit almost identical behaviors. The increase in the current density

does not affect the value of the stationary potentials reached afier 1 hour of polarization. In solutions of NaH PO, and
Na,HPO, both steels develop pitting corrosion. In Na PO, with added chloride, the steels show passive behavior at the
applied current densities; there are indications of pitting occurrence on the chrome-nickel steel surface that subsequently
repassivate.

The potentiostatic dependencies provide a basis to determine the values of the pitting formation potentials, E, and
the incubation time,t, of the pitting nucleation. The recorded E, for the nitrogen steel have more negative values than those
obtained with the classical stainless steel. However, the nickel free steel demonstrates 5-10 times lower speed of pitting
nucleation and growth compared to Cr18Ni9. In Na PO, solutions in presence of NaCl, the Cr18Mn 12N steel shows better

corrosion resistance — more positive Epit and longer incubation time.

Keywords: corrosion, pitting, high nitrogen steels, incubation time, polarization.

INTRODUCTION

Orthophosphates are commonly used as inhibitors
in various aqueous media as they form protective film
on the metal surfaces. Yo Zuo et al. [1] compared the
inhibiting action of several types of anions with regard
to nucleation and growth of pitting on austenitic stainless
steel in 0.1 M NacCl solution and found that it decreases
in the order PO,*>CrO,>SO>NO,". The authors
claim that the number of active sites on the steel surface
decreases due to the competitive adsorption of the anions
mentioned with Cl. Moreover, the results obtained
indicate that PO, - ions not only delay the development
of metastable pits but also support its repassivation. Most
often the reference studies on the influence of phosphate
ions upon corrosion of stainless steels are carried out in

neutral media at low concentration of phosphates [1-7].

Herein we investigated the behavior of chrome-
manganese-nitrogen steel Cr18Mn12N and conventional
chrome-nickel steel Cr18Ni9 in 0.1 M water solutions
of three types of orthophosphates, i.e. NaH,PO,,
Na,HPO, and Na,PO,, with addition of 0.5M NaCl,
using galvanostatic and potentiostatic polarization
electrochemical methods.

EXPERIMENTAL

The chemical composition of the examined steels
Cr18Mnl12N and Cr18Ni9 is shown in Table 1. The
specimens are disks shaped with working area 0.5 cm?.
The rest surface is isolated with polymeric reactoplast
“Duracryl”. The preparation of samples includes sub-
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Table 1. Chemical composition of steels Cr18Mn12N and Cr18Ni9.

Cr, % Ni,% Mn,% C,% N,% Si,% P,% S,%
Cr18Mnl2N 16.50  0.05 12.00 0.04 0.61 0.36  0.011 0.023
Cr18Ni9 17.49 937 1.29 0.05 - 0.52 0.022 0.009

sequent grinding of the working surface using grinding
papers No 220, 400, 600 and 800, washing in running
and distilled water, and degreasing with alcohol-ether
mixture. The stay of samples on air before their exposure
to model media is minimized in order to prevent the
surfaces from forming films.

The experiments are carried out in mono-, di- and
tri-substituted sodium orthophosphates (NaH,PO,,
Na,HPO, and Na,PO,) with concentration 0.1M in
presence of chloride ions (0.5M). The values of pH
for the corresponding phosphates are 4.2, 8.3 and 11.0.
The examinations were performed at room temperature
in open three-electrode cell with platinum counter-
electrode, and reference saturated calomel electrode.

The electrochemical tests are carried out using
potentiostat-galvanostat PAR 263 and the control of
polarization, as well as the recording and processing of
the experimental data are made using computer software
PowerSuite. The galvanostatic anode polarization is
accomplished applying current densities 10, 20 and 40
pA.cm™ and the variation of potential of the working
electrode is recorded for 1 hour. The potentiostatic ex-
periments are carried out applying constant potentials in
the range -0.2 to 0.6 V (SCE) at 0.2 V increments. The
current transient at each applied potential is recorded
for a period of 60 min.

RESULTS AND DISCUSSION

Galvanostatic method

The chronopotentiometric dependencies obtained
for steels Cr18Mn12N and Cr18Ni9 in 0.1M solutions
of phosphates with added 0.5M NaCl are shown
in Fig. 1. The breakdown potentials E  and that of
steady development of pitting E_ are determined
from the chronopotentiometric curves. The pitting
potential is defined as the first potential at which a
deviation in negative direction is observed [9], and at
steady development of pitting the potential remains
comparatively constant in time [8]. It is also visible from
the course of curves that the pitting potentials depend
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on the value of the charging anodic current: with its
increase, the potentials and the speed of formation of
passive film increase in both steels examined for all
solutions tested.

The dependencies shown in Fig. 1a show that the
chrome-manganese-nitrogen steel has higher resistance
in Na,PO, + NaCl solution. According to the curves
obtained, the steel remains in passive state that is
disturbed at a very high anode polarization when it
passes into trans-passive state. In both, the acid and
neutral phosphate solutions there are oscillations of
potential visible on the curves, which indicate for
development of pitting corrosion on the surface of steel
Cr18Mnl12N. Based on the number of the fluctuations
of potential registered and its inclination to stationing
with time, we can conclude that the number of occurring
pitting in the neutral phosphate is larger than that in the
acidic one, however they repassivate more easily and
their steady growth occurs later.

Unlike the chrome-manganese-nitrogen steel,
according to the course of curves for chrome-nickel
steel taken (Fig. 1b), occurrence of metastable pits is
also observed in the alkaline electrolyte that repassivate
later on. Considering the frequency of fluctuations of
potential in both the acidic and alkaline electrolytes,
we can claim that the number of nucleated pits on the
chrome-nickel steel is lower but the potential for their
steady growth is reached sooner compared to chrome-
manganese-nitrogen steel.

It follows from the dependencies of E. and E_ on
the anode current density presented in Fig. 2 that both
characteristic potentials remain relatively constant
regardless of the value of polarization applied. However
a tendency to ennoble their values is observed for the
chrome-manganese-nitrogen steel during increase of
anode current density.

Compared to the conventional chrome-nickel steel,
more positive values for E ; and more negative ones for
E_ are obtained for chrome-manganese-nitrogen steel.
These results are evidence for the higher resistance of
chrome-manganese-nitrogen steel against formation of
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Fig. 1. Variation of electrode potential during anode polarization of specimens: a) Cr18Mn12N and b) Cr18Ni9.

pitting in phosphate solutions with acidic and neutral
character but for existing of larger active sites on the steel
Cr18Mnl12N surface. A more positive pitting potential
in nitrogen containing steel is also observed during the
investigations described in [10].

Potentiostatic method

The current/time dependencies are taken at constant
potentials in the range from -0.2 to +0.6V(SCE).
Using this method, the pitting formation potential is
determined, as well as the incubation time and the speed
of pitting nucleation. The behavior of steels in each of

the chloride ions containing solutions examined can
be divided in two groups depending on whether they
remain in passive state or there are pitting occurring on
their surface.

Atpotentials more negative than E | when occurrence
of pitting is not observed, initially the current density
rapidly decreases due to formation of passive layer and
its thickening and/or densification [11-14]. Within a
short time the current value settles at a certain lowest
stationary value i  (Fig. 3) that correspond to the current
needed to maintain the passive film at the particular
conditions. The value of the stationary current is the
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measure for the protective properties of the passive layer.
It is believed that the lower the value of i is, the larger
is the thickness of the passive film that affects directly
the breakdown mechanism, the incubation time and the
speed of repassivation of the film [15].

Upon comparison of the stationary current densities
presented in Fig. 3 it is visible that in neutral and alkaline
solutions the passive layer on the chromium-manganese-
nitrogen steel has better protective properties than that
on the nickel-chromium one.

Similar results showing lower values of the
passive current for high-nitrogen nickel-free steels in
comparison with chrome-nickel steels are found by

1.2

Alvarez et al. [16] in 3.5% NaCl + 1 M HCI (pH 1),
which the authors associate with the amount of nitrogen
dissolved in austenite. They believe that the presence of
nitrogen results in increased pH of the medium due to
transformation of NH, into NH,OH. Yao Fu et al. [10]
also come to the conclusion that the addition of nitrogen
to austenitic steels improves the protective properties of
their passive films in solutions of 0.5 M H,SO, + 0.5 M
NaCl. Heon-Young Ha et al. [13] have carried out XPS
and Mott-Schottky analyses of the passive films of a
series of steels with various contents of nitrogen and
carbon, i.e. Fe-18Cr-10Mn-(0.39-0.69)N-(0-0.38)C, in
1 M NaCl and borate-phosphate buffer solution. The
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Fig. 3. Variation of stationary current density depending on the potential applied.
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compositions are similar to the composition of steel we
examined and it is found that both the thickness and the
concentration of Cr in the passive layer increases with
the increase of N and C, thus improving its protective
properties without changing its basic structure — Fe, O,
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a) 0.1 M NaH,PO, + 0.5 M NaCl; b) 0.1 M Na HPO, +
0.5 M NaCl; ¢) 0.1 M Na,PO, + 0.5 M NaCl (all applied
potentials are vs. SCE).

At potentials more positive than pitting potential
(Fig. 4 and 5), the current density initially decreases
until a certain value and then begins increasing. The
increase of current is evidence for damages of the
passive layer and appearance of active sites, i.e. pitting.
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The registered minimum of current in the curves is
associated with the so called «incubation time» (t).
This is the time necessary for the appearance of the first
pitting on the passivated metal surface when the critical
conditions for its development are achieved [17]. Upon
reaching t,, the dominating anode process is nucleation
and growth of pitting and the current density indicates
for the susceptibility of the passive film to breakdown
[18, 19, 20]. It is seen from the dependencies taken in
the three phosphate media with addition of 0.5M NaCl
(Figs. 4 and 5) that the incubation time and the current
value upon elapsing of incubation time (corresponding to
the ascending part of curves) depend on the polarization
applied. With the shift of potential in positive direction,
the incubation time decreases while the current density
increases indicating for increasing speed of pitting
corrosion. That tendency is more clearly pronounced
in the nickel-containing steel showing a higher
predisposition of the passive film to breakdown in all
three solutions. It is also seen from Figs. 4 and 5 that in
acid and neutral electrolyte, the pits on steel Cr18Mn12N
occur at more negative potentials compared to steel
Cr18Ni9 but the incubation time is longer in the first
case. Furthermore, the chrome-manganese-nitrogen steel
exhibits a smaller susceptibility to pitting nucleation in
the alkaline electrolyte which is evidenced by the more
positive potential and the longer incubation time until
pitting initiation.

The chronoammetric dependencies can provide
additional information about the repassivation processes
of the particular occurring pitting. Thus for example,
when the current abruptly jumps and then falls to its
initial value before the peak, the pitting is considered
completely repassivated and it does not develop more.
However, if the current falls to a value higher than the
initial one, the pitting that caused the particular peak is
considered partially repassivated, i.e. a portion of its
surface remains active [21].

Accounting for the intensity and the shape of current
fluctuations (Figs. 4 and 5), we can conclude that the
nitrogen alloyed steel goes through a pronounced field
of potentials, which induce nucleation of metastable
pits. In steel Cr18Ni9 the stage of nucleation of
metastable pits is either entirely absent, or is hardly
distinguishable. Judging from the increased sections
of the dependencies obtained for steel Cr18Mnl12N,
one can say that in acidic, neutral or alkaline phosphate
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solution at potentials below 0.34, 0.38 and 0.6 V (SCE)
respectively, the pits appeared are metastable and there
is not sustainable development of pitting corrosion.
The potentials for occurrence of both metastable
(Epp
potentiostatically determined in the three phosphate

) and stable (E ) pits on the two steels are

solutions containing chlorine ions and are presented
in Table 2. It is visible from the values revealed
that in the nitrogen-containing steel the passive film
begins distorting at more negative potentials; since the
nucleated pits are metastable for development of real
pitting corrosion, i.e. growth of stable pitting however, it
is necessary to achieve potentials that are approximately
equal or even more positive than the pitting potentials
for chrome-nickel steel.

The reciprocal value of the incubation time 1/t is as-
sumed to be the speed of pitting nucleation [11, 17]. It is
shown in Fig. 6 that the speed of pitting nucleation (1/t)
increases with the increase of potential. This tendency
is more pronounced for steel Cr18Ni9.

The above-described substantial differences in the
behavior of the two steels during anode polarization
could largely be attributed to the high, i.e. over equilib-
rium, content of nitrogen in the chrome-manganese steel.
There are a number of reference studies describing the
influence of nitrogen on the passive state and its break-
down. However, there are still some discrepancies in the
interpretations. Some authors prove that the addition of
nitrogen to ferrous alloys influences positively the stage
of pitting nucleation by extending the incubation time
[22,23]. These results are related to improving the stabil-
ity of the passive layer, as well as to creating favorable
micro-chemical changes at the interface electrolyte / pas-
sive film / metal. Other studies [24] however show that
the key role of nitrogen is to support the repassivation
processes but that nitrogen does not affect the initial

Table 2. Metastable pitting and stable pitting potentials
of Cr18Mn12N and Cr18Ni9.

(SXE) Cri8MnI2N  Cr18Ni9
Nabpo, e 05 0%
Nempo, L 038 006
Nopo, Gt
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stage of formation of pitting. According to Newman [25],
the influence of N on the resistance to pitting corrosion
can be divided into three groups, namely: (1) increase of
pH in the emerging pitting due to dissolution of nitrogen;
(2) enrichment of the passivated surface with nitrogen;
and (3) enrichment of the active sections with nitrogen.
According to Clayton et al. [26], the NH," ions released
during the anode dissolution react with the anions in the
electrolyte to form a saline layer inside the pitting that
can serve as a temporary barrier between the metal and
the solution. On the same lines Newman and Ajjawi [27]
have shown that the nitrate inhibition of stainless steels
in chloride solutions includes formation of a saline film.
The results presented in the recent study support
the assertion claimed by some authors [23, 25] that
the nucleation of pitting itself is not quite affected by
the content of nitrogen in the steel but that nitrogen
prevents the steady growth of pitting by facilitating
their repassivation.

CONCLUSIONS

The following main conclusions can be drawn
from the comparative study on corrosion behavior of
steels Cr18Mn12N and Cr18Ni9 in aqueous solutions
of sodium orthophosphates with addition of sodium
chloride using potentiostatic and galvanostatic methods:

® In neutral-Na HPO, and alkaline-Na,PO,
solutions the passive layer on chrome-manganese-

nitrogen steel exhibits better protective properties than
that on chrome-nickel steel.

® The passive film in steel Cr18Mnl12N is
destroyed at more negative potentials but the forming
pits are metastable and rapidly repassivate. The actual
beginning of pitting corrosion (pitting stable growth) is
reached at potentials that are approximately equal to, or
even more positive, than the corresponding potentials of
pitting formation in chrome-nickel steel.
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