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ABSTRACT: Uniform and strongly adherent poly(o-tolu-
idine) (POT) coatings have been synthesized on low carbon
steel (LCS) substrates by electrochemical polymerization
(ECP) of o-toluidine under cyclic voltammetric conditions
from an aqueous sodium tartrate solution. Cyclic voltamme-
try (CV), UV-visible absorption spectroscopy, Fourier trans-
form infrared spectroscopy (FTIR), X-ray diffraction (XRD)
measurements, and scanning electron microscopy (SEM)
were used to characterize these coatings, which indicates
that the sodium tartrate is a suitable medium for the ECP of
o-toluidine and it occurs without noticeable dissolution of
LCS. Corrosion protection properties of the POT coatings

were evaluated in aqueous 3% NaCl by the potentiodynamic
polarization measurements and CV. The result of the potentio-
dynamic polarization demonstrates that the POT coating has
ability to protect the LCS against corrosion. The corrosion
potential was about 334 mV more positive in aqueous 3% NaCl
for the POT-coated LCS than that of bare LCS and reduces the
corrosion rate of LCS almost by a factor of 50. © 2005 Wiley
Periodicals, Inc. J Appl Polym Sci 96: 685–695, 2005

Key words: corrosion resistant coatings; conducting poly-
mers; poly(o-toluidine); FT-IR; UV-vis spectroscopy; electro-
chemical polymerization; cyclic voltammetry

INTRODUCTION

During the last decade, the conducting polymers have
received focused attention in many technological ar-
eas such as rechargeable batteries, sensors, electro-
magnetic interference (EMI) shielding, electrochromic
display devices, smart windows, molecular devices,
energy storage systems, membrane gas separation, etc.
due to their remarkable physical attributes.1–6 One of
the most important applications of these materials that
is attracting considerable attention is in corrosion pro-
tection of metals. The conducting polymer must be in
the coating form and it should be strongly adherent to
the metal surface so far as corrosion protection is
concerned.

The electrochemical polymerization (ECP) is a sim-
ple, relatively inexpensive, and most convenient route
for the synthesis of such a coating structures.1,2 The
most salient feature of this route is that the process of
polymerization and the coating formation takes place
simultaneously. Although the conducting polymers
are found to be the most promising materials for cor-
rosion protection, the ECP of conducting polymers is
not easy on oxidizable metals. A number of reports on

the synthesis and characterization of conducting poly-
mer coatings on oxidizable metals such as iron, alu-
minum, zinc, etc. have appeared in the literature dur-
ing the past 3–4 years.7–10 The common feature of
these studies is that the synthesis of conducting poly-
mer coatings on oxidizable metals is preceded by the
dissolution of the base metal at a potential lower than
the oxidation potential of the monomer. Thus, the
oxidation of the metal appears as a simultaneous and
competitive oxidation process at the potentials ade-
quate for the formation of the polymer. A successful
ECP of conducting polymer on oxidizable metals de-
mands careful choice of the solvent, supporting elec-
trolyte and the establishment of electrochemical pa-
rameters that will strongly passivate the metal with-
out impeding the electropolymerization process.

The possibility of using polyaniline (PANI) coating
for corrosion protection of metals was first reported by
DeBerry et al.11 It was further proved that the PANI
has the ability to serve as a corrosion protective coat-
ing on metals in both acidic and neutral solutions.
Polypyrrole (PPY) has also been investigated as a pos-
sible coating for corrosion protection.12 However, the
main disadvantage of PPY is that the non- aqueous
bath is usually required for its deposition. The incor-
poration of constituents in the polymer skeleton is a
common technique to synthesize polymers having im-
proved properties.13,14 This concept has been success-
fully applied to PANI. Considerable work is still

Correspondence to: P. P. Patil (pnmu@yahoo.co.in).

Journal of Applied Polymer Science, Vol. 96, 685–695 (2005)
© 2005 Wiley Periodicals, Inc.



needed to understand the basic issues related to the
ECP of substituted anilines on oxidizable metals and
to explore the possibility of utilizing them as an alter-
native to PANI for corrosion protection.

Recently, our group has investigated the ECP of
o-anisidine in aqueous oxalic acid solution on LCS
substrates using cyclic voltammetry.15 It has been
shown that the oxalic acid is a suitable medium for the
ECP of OA on the LCS substrate and it favors the
formation of the ES phase of POA. However, these
coatings were not able to protect the LCS substrates
from corrosion.

In the studies reported in this article, an attempt has
been made to synthesize the POT coatings on LCS by
ECP of o-toluidine under cyclic voltammetric condi-
tions from aqueous sodium tartrate solution and to
investigate the corrosion protection properties of these
coatings in a chloride environment. The objectives of
the present study are i) to study the ECP of o-toluidine
to generate strongly adherent POT coatings on LCS
substrates from aqueous sodium tartrate solution; ii)
to identify the oxidation state of POT synthesized
from sodium tartrate medium on LCS substrates, and
iii) to examine the possibility of using the POT coat-
ings for corrosion protection of LCS in a chloride
environment. The reasons for selecting the o-toluidine
monomer are many and obvious. These reasons are i)
The monomer o-toluidine is commercially available at
low cost, ii) the conversion of monomer to polymer is
a straightforward process, and iii) the o-toluidine is a
substituted derivative of aniline with a methyl (™CH3)
group substituted at the ortho-position. This study,
therefore, explores the possibility of utilizing the POT
as an alternative to PANI for corrosion protection of
LCS.

This-study has clearly indicated that the ECP of
o-toluidine in sodium tartrate solution results in the
deposition of uniform and strongly adherent POT
coatings on LCS substrates. The POT coating exhibits
excellent corrosion protection properties and is found
to be the most promising coating material for corro-
sion protection of LCS in aqueous 3% NaCl.

EXPERIMENTAL PROCEDURES

The POT coatings were synthesized by ECP of o-tolu-
idine on LCS substrates under cyclic voltammetric con-
ditions. In the present study, the aqueous solution of
sodium tartrate was used as the supporting electro-
lyte. The o-toluidine monomer was double distilled
prior to its use. The concentrations of sodium tartrate
and o-toluidine were kept constant at 0.1M and 0.1M,
respectively. The ECP was carried out in a single-
compartment three-electrode cell with LCS as the
working electrode (1.5 cm2), platinum as the counter-
electrode, and saturated calomel electrode (SCE) as the
reference electrode. The cyclic voltammetric condi-

tions were maintained using a SI 1280B Solartron Elec-
trochemical Measurement System (U.K.) controlled by
corrosion software (CorrWare, Electrochemistry/Cor-
rosion Software, Scribner Associates Inc. supplied by
Solartron, U.K.). The synthesis was carried out by
cycling continuously the electrode potential between
�500 and 1,500 mV at a potential scan rate of 20 mV/s.
The number of cycles was varied from 1 to 25. After
deposition the working electrode was removed from
the electrolyte and rinsed with double distilled water
and dried in air.

The corrosion studies were performed at room tem-
perature in aqueous solution of 3% NaCl by using the
potentiodynamic polarization technique and CV. For
these measurements, a Teflon holder was used to en-
case the POT-coated LCS substrates so as to leave an
area of �0.4 cm2 exposed to the solution. The polar-
ization resistance measurements were performed by
sweeping the potential between �250 and 250 mV
from the open circuit potential (OCP) at a scan rate of
2 mV/s. Before polarization the substrates were im-
mersed into the solution and the OCP was monitored
until a constant value was reached. The corrosion
potential (Ecorr) and corrosion current density (Icorr)
were obtained from the slopes of linear polarization
curves. The corrosion rate (CR) was calculated by
using the following expression:16

CR�mm/y� � 3.268 � 103
Icorr EW

�

where Icorr is corrosion current density (A/cm2), EW is
equivalent weight of LCS (g) and � is the density of
LCS (g/cm3).

All the measurements were repeated at least four
times and good reproducibility of the results was ob-
served. The ability of the POT coating to protect the
LCS against dissolution was studied by recording the
cyclic voltammograms in an aqueous solution of 0.1M
sodium tartrate (without o-toluidine monomer) in the
potential range between �500 and 1,500 mV at a scan
rate of 20 mV/s.

The FTIR transmission spectrum of POT coating
was recorded in horizontally attenuated total reflec-
tance (HATR) mode in the spectral range 4000–400
cm�1 using a Perkin–Elmer spectrometer, SPECTRUM
2000 Series II, USA. The optical absorption studies of
these coatings were carried out ex situ at room tem-
perature in the wavelength range 300–1100 nm using
a microprocessor controlled double beam UV- visible
spectrophotometer (Hitachi, Model U 2000). The struc-
tural properties were investigated using XRD. The
X-ray diffractograms were recorded with a Rigaku
diffractometer (Miniflex Model, Rigaku, Japan) having
Cu K� (� � 1.542 Å). SEM was employed to charac-
terize the surface morphology with a Leica Cambridge
440 Microscope (UK).
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RESULTS AND DISCUSSION

Electrochemical behavior of LCS in an aqueous
sodium tartrate solution

To understand the different processes occurring at the
LCS electrode surface, the LCS electrodes were first
polarized in 0.1M aqueous sodium tartrate solution by
cycling continuously the electrode potential between
�500 and 1,500 mV at a potential scan rate of 20 mV/s.
The corresponding first scan of the voltammetric re-
sponse of the LCS electrode is shown in Figure 1. The
first positive cycle is characterized by i) an anodic
peak (A) at �345 mV; ii) negligibly small oxidation
current between �207 and 1,114 mV; and iii) onset of
an oxidation wave (B) at � 1114 mV and beyond this
potential high anodic current flows. The anodic cur-
rent decays very sharply and a negligibly small cur-
rent is seen until �206 mV. The negative cycle termi-
nates with an oxidation peak (C) at approximately
�301 mV.

The anodic peak A is attributed to the dissolution of
the LCS electrode surface, which produces Fe2� ions
in its vicinity. These ions interact with the tartrate
counter- ions of the electrolyte to form insoluble iro-
n(II) tartrate (FeC4H4O6), which adheres to the elec-
trode surface, thereby forming an iron tartrate film.17

This interphase is produced according to the follow-
ing two reactions:

Fe 3 Fe2� � 2e�

Fe2� � (C4 H4 O6)2� 3 FeC4 H4 O6

The observation of negligibly small anodic current
densities in the potential range �207 to 1,114 mV

indicates the passivation of the LCS electrode surface
via the formation of the iron tartrate interphase. The
iron tartrate film inhibits the dissolution of the elec-
trode surface and, as a result, just after the peak A, the
current density decreases and attains a negligibly
small value.

The oxidation wave B is attributed to the oxidation
of the electrolyte. During reverse scan, an anodic peak
C appears at approximately �301 mV, which is attrib-
uted to the reactivation of the LCS electrode surface
during the negative cycle. The similar behavior of iron
electrode polarized in an oxalic acid was observed by
Mengoli and Musiani18 and Beck et al.12 They have
attributed this peak to a new oxidation accompanied
by the rebuilding of the FeC2O4 layer. By analogy, the
anodic peak C observed during the negative cycle is
attributed to a similar process leading to the recon-
struction of FeC4H4O6 layer on the electrode surface.

On repetitive cycling, the voltammograms identical
to that of first scan are obtained and it is observed that
the current density corresponding to the peak A in-
creases with the number of scans. This suggests that a
continuous dissolution of the LCS electrode occurs
and consequently the electrode surface is not passi-
vated even after 20 scans.

To understand the observed CV results, we have
performed the XRD measurements of the LCS elec-
trode polarized in 0.1M sodium tartrate solution. The
XRD pattern [Fig.2(a)] of bare LCS substrate shows a
characteristic diffraction peak at an angle of 44.82°,
indicating its polycrystalline nature. The XRD pattern
of the LCS electrode polarized in 0.1M sodium tartrate
solution is shown in Fig.2(b). Apart from the charac-
teristic peak of LCS, the XRD pattern indicates the
presence of diffraction peaks at angles of 36.60° and

Figure 1 Cyclic voltammogram recorded during the polarization of LCS electrode in 0.1M sodium tartrate solution. Scan
rate: 20 mV/s.
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38.0° due to the iron tartrate interphase. Thus, the
XRD result clearly reveals the formation of the iron
tartrate on the LCS electrode surface. However, the
CV results indicate a continuous dissolution of the
LCS electrode even after 20 cycles. It seems that, under
the experimental conditions employed in the present
study, the complete coverage of the LCS electrode
surface with the iron tartrate interphase is not
achieved in 25 cycles and, as a consequence, the dis-
solution of the electrode surface is not inhibited. It can
be argued that the iron tartrate interphase may be
deposited randomly on the substrate surface and, as a
result, some area of the bare LCS remains uncovered.

To support this argument, we have characterized
the LCS electrode polarized in a 0.1M sodium tartrate
solution by SEM. The area of the electrode surface is
scanned while recording the SEM images and the
corresponding results are shown in Figure 3. It was
observed that the electrode surface is nonuniform and
it clearly indicates the two types of regions. The SEM
images of these regions are drastically different from
each other. The SEM image of the first region [Fig.3(a)]
reveals the deposition of a thin layer of ill-defined
structure. The surface morphology of the second re-
gion [Fig.3(b)] does not indicate any deposition at the
surface of the LCS electrode. This result confirms that
the LCS electrode surface is not completely covered
with the passive iron tartrate layer and supports the
CV and XRD results.

The observation of the anodic peak A in all scans
reveals that, under the experimental conditions em-
ployed in this study, less efficient passivation of the
LCS electrode surface takes place and as a result it
remains active throughout the experiment. As a con-
sequence, the dissolution of the electrode surface is
not inhibited. Thus, the polarization of the LCS elec-
trode in 0.1M aqueous sodium tartrate solution does
not lead into the passivation of the electrode surface.

Electrochemical polymerization of o-toluidine on
LCS from aqueous sodium tartrate solution

The first, second, and tenth scans of the CV recorded
during the ECP of o-toluidine on the LCS electrode
from 0.1M sodium tartrate solution are shown in Fig-
ure 4. The first positive cycle is characterized by a
negligibly small anodic peak A at approximately �404
mV and oxidation wave (B) at � 922 mV. The anodic
peak A is similar to that observed without o-toluidine.
However, the observation of the negligibly small cur-
rent density corresponding to the peak A clearly indi-
cates that the dissolution of the LCS substrate is insig-
nificant in the presence of o-toluidine. Moreover, the
current densities corresponding to the different peaks
in the voltammogram decrease significantly when o-
toluidine is in the solution, which indicates that the
o-toluidine is involved in the passivation process. The
oxidation wave B at � 922 mV is attributed to the
oxidation of o-toluidine since a brownish-black colored
uniform film is deposited on the LCS substrate. It is
important to stress that the o-toluidine oxidation occurs
at � 922 mV, suggesting that the electrochemical po-
lymerization may occur without oxidizing the tartrate
counterions in the electrolyte. The absence of the peak
C during the negative cycle may be attributed to the
stabilization of the LCS electrode surface due to for-
mation of an adherent POT coating.

During the next scan, the peak A is not observed,
however, the rest of the features are similar to that of
the first scan. This suggests that, in the presence of
o-toluidine, the aqueous sodium tartrate medium effi-
ciently protects the LCS substrate against dissolution
and probably this may be due to the efficient passiva-
tion of the steel surface via the formation of iron
tartrate interphase. On repetitive cycling, voltammo-
grams identical to that of the second scan are obtained.
The coverage of the LCS surface by POT appears to
inhibit the dissolution of the electrode. Also, the cur-
rent density corresponding to the oxidation wave B
decreases gradually with the number of scans. This
may be attributed to the formation of electroinactive
POT coating. The visualization of the LCS electrode
after 20 scans reveals the formation of strongly adher-
ent brownish-black colored POT coating.

The FTIR spectrum of POT coating synthesized on
LCS under cyclic voltammetric conditions (10 cycles)
recorded in HATR mode is shown in Figure 5. This
spectrum exhibits the following spectral features:19,20

i) A broad band at � 3449 cm�1 due to the character-
istic N–H stretching vibration suggests the presence of
–NH– groups in o-toluidine units. ii) The band at
� 2930 cm�1 is associated with C–H stretching in the
methylene group. iii) The band at � 1646 cm�1 is
indicative of stretching vibrations in quinoid (Q)
rings.19–21 iv) The band � 1458 cm�1 represents the
stretching vibrations of the benzoid (B) rings.19–21 v)

Figure 2 XRD pattern of (a) bare LCS and (b) LCS substrate
polarized in 0.1M sodium tartrate solution.
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The presence of Q and B bands clearly show that the
POT coating is composed of amine and imine units. It
is known that the ideal form of PANI contains roughly
equal amounts of Q and B units. The relative intensity
(1646/1458) of these bands is greater than unity.
Therefore, it can be concluded that the formation of PB
is predominant in the coating.19–21 vi) The bands at
1722 and 1278 cm�1 are attributed to the presence of
carboxylic groups of sodium tartarate in the POT coat-
ing. The presence of these strong bands reflects the
formation of the oxidized form of POT. vii) The pres-
ence of the C–N stretching band at � 1378 cm�1 is
consistent with the results reported by Tang et al.,19

who have also observed the similar bands for POT.

The band at � 1378 cm�1 is assigned to the C–N
stretching in QBtQ environment, where Bt represents a
trans -benzoid unit:

(viii) The bands at 1122 and 1071 cm�1 are attributed
to the 1–4 substitution on the benzene ring. (ix) The

Figure 3 SEM image of the LCS substrates polarized in 0.1M sodium tartrate solution.
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observation of the bands between 800 and 700 cm�1

reveals the occurrence of the 1–3 substitutions. Thus,
the FTIR spectroscopic study indicates that the ECP of

o-toluidine has occurred and results in the formation of
the oxidized form of POT on the electrode surface.

The XRD pattern of the POT coating synthesized
with 25 scans (Fig.6) exhibits only one diffraction peak
corresponding to LCS. It is surprising to observe that
the XRD pattern does not show the diffraction peaks
corresponding to iron tartrate interphase. Also, as the
POT coating has a highly disordered structure, it does
not indicate any diffraction peak. Thus, the XRD result
reveals that the iron tartrate intephase does not exist at
the electrode surface.

Very recently, we have investigated the ECP of o-
toluidine on LCS substrates from the aqueous oxalic
acid solution.22 It has been shown that the formation
of the passive iron oxalate interphase and its subse-
quent decomposition is necessary for the ECP of o-
toluidine to occur on the LCS substrates. By analogy, it
may be argued that the iron tartrate layer formed
during early stages decomposes and facilitates the
ECP of o-toluidine on LCS.

The SEM image of the POT coating synthesized on
LCS (25 cycles) is shown in Figure 7. It clearly reveals
that the POT coating is relatively uniform, compact,
and featureless.

To identify the formation and deposition of the
different oxidation forms of POT with variation in the
coating thickness, we have synthesized the coatings by
1, 5, and 25 scans and performed the optical absorp-
tion spectroscopy study. The corresponding optical
absorption spectra are shown in Figure 8. It is clearly
seen that these spectra exhibit systematic changes in
peak positions and relative intensities with variation
in the number of scans. The optical absorption spec-
trum of POT coating deposited with 25 scans is com-
pletely different in all respects with the spectrum of
the POT coating deposited with only a single scan. The
increase in the overall absorbance with the increase in
the number of scans used for the synthesis indicates
the increase in the thickness of the coating with the
number of scans.

The optical absorption spectrum of POT coating
deposited with only a single scan [Fig.8(a)] shows a
well-defined peak at � 740 nm and it is attributed to

Figure 4 Cyclic voltammogram scans (a) first, (b) second,
and (c) tenth recorded during the synthesis of POT coating
on LCS substrate under cyclic voltammetric conditions. Scan
rate : 20 mV/s.

Figure 5 FTIR spectrum of the POT coating synthesized on
LCS substrate under cyclic voltammetric conditions.

Figure 6 XRD pattern of the POT coating synthesized on
LCS substrate under cyclic voltammetric conditions.
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the formation of the ES phase of POT, which is the
only electrically conducting phase of POT.23 When the
coating was synthesized by 5 scans, the optical absorp-
tion spectrum [Fig.8(b)] exhibited a noticeable differ-
ence compared with Figure 8(a). First, it indicates an
increase in the intensity of the peak at � 750 nm.
Second, it shows an emergence of the shoulder at

� 540 nm. The shoulder at � 540 nm is the signature
of the formation of the PB phase of POT.23 The PB is
the fully oxidized form of POT and it is insulating in
nature. The simultaneous appearance of the 750 nm
peak and the shoulder at 540 nm clearly reveals the
formation of the mixed phase of PB and the ES form of
POT. The optical absorption spectrum of POT coating
deposited with 25 scans [Fig.8(c)] reveals the exclusive
formation of the PB form of POT.

The results of the present study clearly show that
aqueous sodium tartrate solution is a suitable medium
for the ECP of o-toluidine on the LCS substrate. The
most striking feature is that the ECP of o-toluidine
occurs without noticeable dissolution of LCS. The tar-
trate ions are playing a twofold role: i) they act as a
passivating agents of the LCS surface as the electro-
chemical polymerization proceeds and ii) they are in-
corporated into POT as dopants.

Corrosion protection properties of the POT coating

The potentiodynamic polarization curves for bare LCS
and POT coated LCS (25 cycles) in aqueous solution of
3% NaCl are shown in Figure 9. The values of the
corrosion potentials, corrosion current densities, and
corrosion rates obtained from these curves are given
in Table I. It is seen that the values of corrosion po-
tential (Ecorr) and corrosion current density (Icorr) are
far lower than the corresponding values for bare LCS,
indicating the corrosion- resistant feature of the coat-
ing. The Icorr decreases from 30.72 �A/cm2 for bare
LCS to 0.65 �A/cm2 for POT coated LCS. The Ecorr
increases from �710 mV for bare LCS to �376 mV for
POT coated LCS. The positive shift of 334 mV in Ecorr

Figure 7 SEM image of POT coating synthesized on LCS substrate under cyclic voltammetric conditions.

Figure 8 Optical absorption spectrum of POT coating syn-
thesized by (a) 1, (b) 5, and (c) 25 scans in DMSO solution.
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indicates the protection of the LCS surface by the POT
coating. The corrosion rate of LCS is significantly re-
duced as a result of the reduction in the Icorr. The
corrosion rate of LCS is found to be � 0.007 mm/y
which is � 50 times lower than that observed for bare
LCS. These results reveal the capability of POT to act
as a protective layer on LCS.

The SEM image of the POT coated LCS after the
potentiodynamic polarization measurement in aque-
ous 3% NaCl is shown in Figure 10. It is seen that there
is no apparent change in the surface morphology of
the coating after the potentiodynamic polarization
measurements. Indeed, the visual observation re-
vealed no cracks in the coating and the coating re-
mains strongly adherent to the LCS substrate. Thus,
POT coating has strong adherence to the LCS sub-
strate and it is resistant to the corrosion in aqueous 3%
NaCl.

The outstanding corrosion protection offered by
POT coating to LCS may be attributed to the fact that
the deposited polymer is strongly adherent and uni-

formly covers the entire electrode surface as evident
by the SEM. Furthermore, the delocalized �-electrons
in this polymer facilitate its strong adsorption on the
LCS surface, leading to the outstanding corrosion in-
hibition.

To investigate the influence of the coating thickness
on the corrosion protection properties of the POT coat-
ings, we have synthesized the coatings by 5, 10, 15, 20,
and 25 cycles from �500 to 1,500 mV at a scan rate of
20 mV/s and the potentiodynamic polarization resis-
tance measurements were performed in an aqueous
solution of 3% NaCl. It is found that the corrosion rate
changes significantly (cf.Table I) when the deposition
time (i.e., the number of cycles) is varied. The varia-
tion of the corrosion rate as a function of the number
of cycles is shown in Figure 11. It is observed that the
corrosion rate decreases with the increase in the num-
ber of cycles. The lowest corrosion rate is observed for
the POT coating deposited with 25 cycles. Thus, the
thick POT coatings appears to have outstanding cor-
rosion properties. Thus, it seems that the thickness of
the coating significantly affects the corrosion protec-
tion properties of the POT coatings.

It is interesting to observe that the absorbance val-
ues at 540 nm increase with an increase in the number
of cycles used for the deposition of the coating as
shown in Figure 11. This suggests that the PB form of
POT provides better protection to LCS in aqueous 3%
NaCl. This observation is in agreement with that re-
ported by several researchers.24

To further reveal the corrosion protection ability of
the POT coating, we have studied the electrochemical
behavior of the POT coated LCS electrode in a 0.1M
aqueous solution of sodium tartrate (without o-tolu-
idine). The CVs recorded for bare and POT coated LCS
in the potential range between �500 and 1,500 mV at

Figure 9 Potentiodynamic polarization curves for (a) bare LCS and (b) POT coated on LCS in aqueous 3% NaCl solution.

TABLE I
Potentiodynamic Polarization Measurement Results

Sample
Ecorr
(mV)

Icorr
(�A/cm2)

CR
(mm/yr)

Bare LCS �710 30.72 0.35
POT coated LCS 5 cycles �469 2.51 0.03
POT coated LCS 10 cycles �386 2.21 0.025
POT coated LCS 15 cycles �384 1.67 0.019
POT coated LCS 20 cycles �391 1.15 0.013
POT coated LCS 25 cycles �376 0.65 0.007
POT removed LCS �719 28.43 0.33
POT coated LCS (25 cycles)

kept in air for 8 days at
25°C �393 0.77 0.009
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a scan rate of 20 mV/s in a 0.1M aqueous solution of
sodium tartrate are shown in Figure 12. The first scan
of the CV recorded for bare LCS substrate [Fig.12(a)] is
similar to that shown in Figure 1(a). As discussed
earlier, it indicates the dissolution of the LCS electrode
surface. The first scan of the CV recorded for POT
coated LCS [Fig.12(b)] is significantly different from

that for bare LCS. The anodic peak A and an oxidation
wave B are not observed. The absence of the anodic
peak A and the observation of negligibly small current
densities at all potentials indicates that the dissolution
of the underlying LCS substrate is inhibited due to the
POT coating. Thus the “thick” POT coatings appear to
have outstanding corrosion protection properties.

It is pointed out that the POT coating is soluble in
DMSO solution, whereas the iron tartrate interphase is
insoluble. The iron tartrate interphase remains as it is
even after keeping it in DMSO solution for 30 min. As
discussed earlier, the iron tartrate interphase formed
during the early stages of the growth inhibits the
dissolution of LCS. However, it does not prevail at the
electrode surface and it seems that it undergoes dis-
solution and facilitates the ECP of o-toluidine. Further
evidence in support of this was obtained by compar-
ing the corrosion behavior of the POT removed LCS
substrates with that of bare LCS. The POT coating was
removed carefully by dissolving it in DMSO and the
potentiodynamic polarization measurements were
performed in the aqueous solution of 3% NaCl. The
potentiodynamic polarization curves for the bare LCS
and the POT removed LCS are shown in Figure 13.
Interestingly, the Ecorr and the corrosion rate for both
the samples are very similar. This suggests that the
passive iron tartrate interphase formed during the
early stages of the growth does not remain at the
electrode surface and the protection of the LCS is
mainly due to the POT coating.

We have also performed the potentiodynamic po-
larization resistance measurements by using the POT
coated (25 scan) LCS substrates after storing them in
air at 25°C for 8 days and the corresponding polariza-

Figure 10 SEM of POT coating synthesized on LCS substrate under cyclic voltammetric conditions after potentiodynamic
polarization measurement.

Figure 11 Variation of corrosion rate and absorbance val-
ues at 540 nm as a function of number of scans employed for
synthesis.
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Figure 12 Cyclic voltammograms of (a) bare LCS and (b) POT coated LCS recorded in 0.1M sodium tartrate solution.

Figure 13 Potentiodynamic polarization curves for (a) bare LCS and (b) POT removed LCS recorded in aqueous 3% NaCl
solution.

Figure 14 Potentiodynamic polarization curves for POT coated LCS (a) freshly prepared and (b) after storing in air for 7 days
at 25°C recorded in aqueous 3% NaCl solution.
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tion curve is shown in Figure 14(b). These curves
clearly reveal that there is no indication of any sub-
stantial loss in corrosion protection properties of the
POT coatings. Thus, the POT coating shows high
chemical as well as physical stability because the coat-
ing keeps its adherence to LCS substrate even after the
storage.

CONCLUSION

In summary, the following conclusions have been
drawn form the present investigation:

• The ECP of o-toluidine in aqueous sodium tartrate
solution results in the deposition of uniform and
strongly adherent POT coatings on LCS sub-
strates.

• The ECP process occurs without noticeable disso-
lution of LCS substrate.

• The result of the optical absorption spectroscopy
depends on the thickness of the coating. It reveals
the exclusive formation of the PB form in a thick
coating, whereas the mixed phase of PB and ES
forms is observed in thin coating.

• Potentiodynamic polarization studies reveal that
the POT acts as a corrosion protective coating on
LCS.

• The corrosion rate of POT coated (25 scan) LCS is
found to be � 50 times lower than that observed
for bare LCS.

• The PB form of POT is more effective for corro-
sion protection of LCS in a chloride environment.

• The corrosion protection properties of these coat-
ings are retained even after storing them in air at
25°C for 8 days.

• This study clearly reveals that the POT coating
has excellent corrosion protection properties and
it can be considered to be potential coating mate-
rial for corrosion protection of LCS in aqueous 3%
NaCl.
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