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Abstract

Electrochemical techniques were used to study the surface treatment for improving the pitting corrosion
resistance of 304L stainless steel by inhibitors in chloride medium. Sodium molybdate (in concentration
range . 0.005-80 g/1), sodium nitrite (in concentration range: 0.001-50 g/1) and their mixture were used for
this study. It was found that, molybdate and nitrite were good passivators for 304L stainless steel, but mo-
lybdate was not able to prohibit the pitting, nitrite prevented pitting corrosion of 304L stainless steel only at
the concentration more than 25 g/I. The relationship between pitting potentials and concentrations of inhib-
itors in the logarithm expression obeyed the linear function.

It was found that the surface treatment by mixture of two inhibitors enables stainless steel to have in-
creased the corrosion resistance,; the pitting corrosion of 304L stainless steel was completely prohibited by
the mixtures of molybdate and nitrite in ratio m/n, with m = 3 and n = 10. The interesting cases on elec-
trochemical measurement of threshold of inhibitors concentration combination for optimum surface treat-
ment were described.

Keywords : Surface treatment, Pitting corrosion, Inhibitor, Inhibition efficiency, Corrosion resistance, Elec—
trochemical technique.

cooling water system and showed that the best

1. INTRODUCTION

inhibitor for this medium is mixture of four

Many attentions were paid for the pitting
corrosion study of stainless steel”. A lot of au-
thors have studied the application of inhibitors
for surface treatment in order to improve the
pitting corrosion resistance of stainless steel in
different media. It was found that the addition
of molybdate ions into a neutral chloride solu-
tion inhibits the pitting of stainless steel. Inhibi-
tion efficiency increases with the increasing the
temperature and ratio of molybdate/chloride
ions?. Inhibition by molybdate is dependent on
the presence of oxygen. Al. Borno et all [4]
were studied inhibitors system for recirculating
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constituents. Optimum ratio of them is nitrite/
molybdate/polyphosphate/orthophosphate = 3/
2/1/1. Others showed that in water medium,
molybdate and nitrite are synergistic combina-
tion with molybdate/nitrite ratio = 3/2 or 1/1%.

Nowadays, molybdate has been widely used in
the field of corrosion protection as alternative
for chromate, because of its low-toxicity and
high effectiveness®.

Nitrite is not only an effective agent for sur-
face passive treatment of steel, because of its
strong oxidation, but also is active in the re-
pressing aggressive property of chloride ion®.
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The effect of each inhibitor on the improving
the pitting corrosion resistance of 304L stainless
steel was studied, but an attempt to search a
better protective effectiveness for the pitting
corrosion of stainless steel in chloride medium
was performed by combination of these two in-
hibitors.

The aim of our work thereby was to make
clear the effect of inhibitors on the pitting cor-
rosion resistance of stainless steel in order to
provide the guideline in field application.

2. EXPERIMENTAL

2.1 MATERIALS

304L stainless steel was used as a substrate.
Its composition (in percentage) is 0.03C, 0.2Mn,
0.03S, 0.045P, 18.0 Cr, 8.0 Ni, and Fe: rest. 304L
steel was chosen because there is no molybde-
num in its composition and is a susceptible to
pitting by chloride ion

Electrodes with working surface about 0.5 cm
* made of this steel were mounted in epoxy,
polished by grit SiC paper 80-1200 and cleaned
by ethanol and acetone.

Chemicals used in this study, including inhib-
itors, were PA grade made in Jansson, Belgium.
The initial concentration of inhibitors was pre-
pared by gravimetric method, thereafter lower
concentrations were made by diluting with arti-
ficial seawater.

2.2 SOLUTION

Pitting corrosion study was carried out in
chloride containing medium (artificial seawa-
ter)® with the following compositions (g/1):
NaCl-28, MgCl,-2.3, MgS0,-3.5, CaCl;-1.2, Na-
HCOs-0.2, pH = 8.2, Salinity (S%) = 3.5, at
room temperature, (20°C), in naturally aerated
condition.

2. 3 METHODS

Cyclic polarization scan was used for pitting
corrosion study and potentiodynamic for sur-
face passivation. Potential intervals were con-
trolled from -600 to 1000 mV. For cyclic polari-
zation, forward scan rate was 0.1 mV/s; reverse
was 0.05 mV/s; for potentiodynamic it was 0.1
mV/s. Used equipment was computerizing EIZO
905625 with Gamry CMS 100 software. Measuring
cell was set up by three electrodes with silver-
silver chloride as reference.

For potentiodynamic study, electrodes were
conditioned at - 600mV for 4 hrs and measure-
ments were repeated on the same electrode.

3. RESULTS AND DISCUSSION

3.1 SODIUM NITRITE
Nitrite concentration was controlled to range
from 0.001 to 50 g/1.

Literal data showed that nitrite at 0.2 g/1 be-
gins to retard the corrosion of steels. In this
study, the passivation of 304L stainless steel oc-
curred at concentration of nitrite 0.005 g/l.
Passive current density in this passive status
was 107%° A/cm?®; potential interval was 150
mV. Unfortunately, at this low concentration,
pitting took place easily. It was not difficult to
see visually the pits on the electrode surface
after measurement. The similar result was obta-
ined in nitrite concentration range up to 25 g/1.

At nitrite concentration over 25 g/l, no pit-
ting appeared on the steel surface. Cyclic pola-
rization curve in this status is illustrated in the
Fig. 1.

By increasing nitrite concentration, the pas-
sive potential intervals expanded and the pitting
potentials increased as well. From many experi-
mental data illustrated on Fig. 3, the relation-
ship between sodium nitrite concentrations and
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Fig. 1. Cyclic polarization curve of 304L stainless
steel in chloride medium (S=35%) at 30.0
g/l of nitrite sodium.
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Fig. 2. Cyclic polarization curve of 304L stainless
steel in chloride medium (S=35%) at 80.0
g/l of molybadate sodium.
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Fig. 3. Relationship between pitting potentials and
concentrations of inhibitors in chloride medi-
um (8=35%), 20C.

pitting potentials could be found to fit the fol-
lowing equation:

Epit(V): 0.08+ 0.24 log[C] (1)

Where [C] is concentration of sodium nitrite
in g/1.

In chloride containing medium such as artifi-

cial seawater, the nitrite concentration of 5 g/l
is able to improve noticeably the corrosion resi-
stance of 304L stainless steel, but for pitting
prevention only at high concentration.

3.2 SODIUM MOLYBDATE

The surface of 304L stainless steel was treat-
ed in sodium molybdate solution. At concentra-
tion 0.1g/1, the surface passivation was under-
gone at potential interval from -200 to 50 mV
and current density 107%° A/cm?® The surface
of 304L stainless steel was in good passivation,
but its pitting corrosion was still recorded even
after treatment at quite high molybdate conce-
ntration (up 80g/1) (Fig.2).

Increasing molybdate concentration, the sur-
face of 304L stainless steel moved to deeper pa-
ssivation. Measurement showed that the passive
potential intervals were 600 mV at 80g/l; 500
mV at 40g/1; 400 mV at 30g/1. The relationship
between pitting potential and inhibitors concen-
tration is illustrated in Fig. 3 and obeys the fol-
lowing equation:

Eoon= —0.124+ 0.36 log[C] (2)

Where [C] is concentration of sodium molyb-
date in g/1.

After treatment in molybdate sodium solution,
on the steel surface appeared a black-brown
thick layer of corrosion product. This layer was
very porous and low adhesive. However results
showed that the treatment of 304L stainless
steel surface in sodium molybdate increases its
corrosion resistance, but do not completely pre-
vent the pitting corrosion in chloride medium.

3.3 MIXTURE OF NITRITE AND MOLYB-
DATE SODIUM

Fig. 4 represents one of typical curve among

a number of the curves measured on 304L

stainless steel surface treated in chloride solu-
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Fig. 4. Cyclic polarization curve of 304L stainless
steel in chioride medium (S=35%) at mo-
lybdate/nitrite (g/1) © 3/10.

tion containing mixture of two inhibitors. In this
mixture, the concentration of molybdate and ni-
trite is 3 and 10 g/1, respectively.

From data obtained in series of mixture of
nitrite concentration ranging up to 50 and mo-
lybdate up to 80 g/I, a summary graph was
constructed and shown on Fig.5.

When concentration of nitrite is lower than
10g/1, the pitting corrosion of steel in chloride
medium still shows even concentrations of mo-
lybdate up to 80g/1.

In general, the pitting on surface of stainless
steel was completely prohibited with molybdate
and nitrite ratio m/n, here. m = 3; n = 10 (m
is concentration of sodium molybdate and n is
concentration of sodium nitrite). The mixture
with ratio m/10 was selected, because, in prac-
tice, sodium nitrite at adequate concentration
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Fig. 5. Inhibitors combination for 304L stainless steel
in chloride medium.

accelerates the cultivation of the sealivings in
seawater.

The threshold of inhibitors concentration for
the best surface treatment of 304L stainless
steel, where the corrosion and pitting of steel is
prevented completely and satisfied in practice is
2.5/12.5.

[t was interesting to consider the electro-
chemical behavior of this steel in the vicinity of
the threshold concentration. Three cases were
selected:

Case 1. The molybdate concentration was
quite low (m=0.5) ; nitrite was high (n=20.0).
The cyclic polarization scan is demonstrated on
curve 1, Pig. 6. This curve has two portions:
The first indicated the passivation of stainless
steel at potential interval from -100 to 200 mV
and passive current density 107%® A/cm?; whilst
second portion demonstrated the active dissolu-
tion of steel in solution studied.

Case 2. Molybdate concentration was low (m=
2.0) , nitrite was In the range of threshold con-
centration (n=125).

In this case, the steel surface after treatment
was still kept on a passive-active status, as cy-
clic polarization scan illustrated on the curve 2
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Fig. 6. Cyclic polarization curve of 304L stainless
steel in chloride medium with different inhibi-
tors concentrations, ‘

1. m=05, n=200
2. m=20, n=125
3.m=25, n=125



d
ik

o] /= EHFE 3] 36 (2003) 277-283 281

which path was placed around the second por-
tion of curve 1.

Case 3. Concentrations of inhibitors were in
the threshold range (m=2.5 and n=12.5). The
polarization curve of case 3 was illustrated on
the curve 3, which traced the same path with
the first portion of the curve 1 and demonstrat-
ed the passive status of steel surface.

In fact, for pitting prevention, the inhibitors
mixture enables to lower the dissolution current
of steel to very small values - a hundreds times
lower than passive current density.

In this study, the reverse scans often followed
the path with lower current density indicating
the presence of the passive layer on the metal
surface.

To confirm above results, the electrochemical
measurements on the 304L steel surface with
different treatment concentration were carried
out in parallel with surface morphology obser-
vation within the large range of concentration.
Results were shown on Fig. 7. At threshold con-
centration of both inhibitors (curve 1; below
and photograph 1, upper), passive potential ex-
panded and no pits appeared on the metal sur-
face. Far from threshold concentration (curve
2, below and photograph 2, upper), passive po-
tential interval was very short and pits were
very big. Around the threshold (curve 3 and
photograph 3), electrochemical measurement
and morphology observation both showed the
acceptable understanding about the small pits.

4. DISCUSSION

It is well known that sodium nitrite is oxidiz-
ing agent as an anodic inhibitor. In its presence,
the passivation of stainless steel occurs favora-
bly and forms a surface passive layer containing
chromium oxide. Nitrite enables the passivation

by moving the passive potential to positive dire-
ction. At low concentration of sodium nitrite,
cathodic reaction speed is not high enough for
shifting metal potential to completely passive
region. Metal surface is still in "passive-active"
state,; passive film does not cover all active are-
as of metal surface. On any small anode, sub-
strate is corroded with high current density en-
abling pits. At high nitrite concentration, catho-
dic process moves the metal surface towards
deep passive status, passive oxide layer covers
all surfaces, and pitting is thereafter prohibited.

By interaction with metallic cations, molyb-
date forms a surface covering layer impermea-
ble to other anions, such as CI- and SO~ % Itis a
kind of insoluble solid product, named as "metal
-molybdate” layer, which prevents the pitting
corrosion '¥. Unfortunately, non-oxidizing agent
is present in case of molybdate sodium solution,
so molybdate does not fulfill its activity.

In the mixture of molybdate and sodium ni-
trite, nitrite plays a role of oxidant and molyb-
date contributes as film-forming agent. In the
solution, molybdate anions react with metallic
cations formed by oxidation of nitrite to pro-
duce a protective layer. If the concentration of
nitrite is lower than a critical value, the amount
of cations is not enough for constructing a layer

_ covering all active areas on the surface and

then pitting appears.

- Further electrochemical measurement was
conducted to reconfirm the role of metallic cat-
ions in the mixture of molybdate and sodium
nitrite. A series of polarization curve was indi-
cated on Fig. 8. Two kinds of surface prepara-
tion were made to differentiate the dissolution
of metals in medium. One is mechanically pol-
ished by 1200 grit SiC paper, denoted as series-
a, and the other electrochemically in polishing
solution for stainless steel denoted as series-b.
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Fig. 7. Potentiodynamic curves of 304L stainless stee! in chloride medium, at 20°C {below)
1-m=25. n=125 2-m=800,n=00, 3-m=06. n=125 and corresponding

photomicrographs (upper)

(1) © at threshold concentration - no pits
(2) : far from threshold concentration - big pits
(8) . near threshold concentration - small pits.

In the first curve (a-a), the surface was
rather uneven, the metal dissolution took place
easler, and a lot of cations could be thrown into
solution, composed with molybdate to construct
the protective layer. In the second curve (a-b),
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Fig. 8. Potentiodynamic curves of 304L stainless
steel in chloride medium, at 20°C with differ-
ent ratio of inhibitors,

1:m =50, n=125

2. m =400, n= 125

a- Polished by 1200 SIiC Paper
b- Polished by electrochemical.

oppositely, surface was smoother thereby the
dissolution process was slow, the metal cations
were not enough to form the completely passive
layer, then pitting corrosion undergone.

5. CONCLUSION

1) Surface treatment with sodium nitrite
within wide range of concentration (from 0.001
to 50.0 g/1), the passivation of 304L stainless
steel is promoted, but pitting corrosion preven-
tion in chloride medium only at nitrite concen-
tration more than 25 g/l. Oppositely, molybdate
is an adequate passivator for 304L stainless
steel in chloride solution but is not able to pro-
tect the pitting corrosion in this medium (in the
concentration range from 0.005 to 80 g/1).

2) The relationship between pitting potentials
and inhibitor concentrations for surface treat-
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ment with both nitrite and molybdate in the
logarithm expression obeys the linear functions.

3) The surface treatment by mixture of mo-
lybdate and nitrite enables to improve the pit-
ting corrosion resistance of 304L stainless steel
in chloride medium. The specific mixture of
molybdate and nitrite for pitting prevention of
304L stainless steel in chloride medium is m/n
with m = 3 and n = 10, the best is m/10.

4) Sodium nitrite plays a role of oxidant and -

molybdate, a film—forming agent. They made a
synergistic effect for prevention of 304L stain-
less steel against pitting corrosion in chloride
mediurm.
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