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PROTECTIVE PROPERTIES OF PEDOT/ABA COATINGS DEPOSITED FROM MICELLAR SOLUTION ON STAINLESS STEEL

WŁAŚCIWOŚCI OCHRONNE POWŁOK PEDOT/ABA OSADZANYCH Z ŚRODOWISKA MICELARNEGO NA STALI
NIERDZEWNEJ

Composite coatings, consisting of combinations of the conducting polymer poly(3,4-ethylenedioxythiphene) (PEDOT) and
4-aminobenzoic acid (ABA), were electrodeposited on glassy carbon and X20Cr13 stainless steel by cyclic voltammetry, using
a sodium dodecylsulfate (SDS) micellar aqueous solution of EDOT and ABA as a reaction medium. The coating deposition
potential range, scan rate and composition of modification solution were determined. The protective properties of the resulting
films on stainless steel were investigated in acidified (pH=4) 0.25 M sulphate solution in the absence and in presence of 0.5 M
chloride ions. Diagnostic experiments include measurements of open circuit potential versus exposure time and potentiodynamic
polarisation tests. Morphology of the obtained composite coatings was examined using optical metallographic microscope.

The composite coatings provide good adherence to the steel substrate and very effective steel corrosion protection. The
PEDOT/ABA coatings allow to stabilize the steel corrosion potential within the passive region both in absence and in presence
of chloride ions.
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Powłoki kompozytowe, na bazie polimeru przewodzącego- poli(3,4-etylenodioksytiofenu) (PEDOT) i kwasu 4-aminobenzo-
esowego (ABA), osadzano na powierzchni węgla szklistego i stali nierdzewnej X20Cr13 przy użyciu metody woltamperometrii
cyklicznej. Do osadzania powłok zastosowano wodne roztwory dodecylosiarczanu sodu (SDS) zawierające EDOT i ABA.
Zbadano wpływ zakresu potencjału osadzania, szybkości przemiatania potencjałem i składu roztworu modyfikacyjnego na
efektywność procesu elektroosadzania powłok. Właściwości ochronne powłok uzyskanych na stali nierdzewnej badano w za-
kwaszonych (pH=4) roztworach 0,25 M siarczanowych niezawierających i zawierających dodatek 0,5 M jonów chlorkowych.
Zbadano zależność potencjału stacjonarnego od czasu wytrzymania w roztworze korozyjnym oraz wykonano potencjodyna-
miczne krzywe polaryzacji. Morfologię powłok zbadano przy pomocy metalograficznego mikroskopu optycznego.

Uzyskane powłoki wykazują dobrą adhezję do podłoża stali i efektywnie zabezpieczają stal przed korozją. Powłoki
PEDOT/ABA stabilizują potencjał korozyjny chronionej stali zarówno w środowisku niezawierającym jak i zawierającym jony
chlorkowe.

1. Introduction

In recent years, a considerable attention has been
paid to conductive polymers owning to their unique com-
bination of favourable properties like chemical stability,
electrical conductivity, good catalytic properties, opti-
cal and magnetic properties. [1-5]. For these reasons,
conducting polymers have been considered for many ap-
plications including development of charge storage de-
vices and batteries [6, 7], matrices for catalysts [8, 9]
or redox capacitors [10, 11]. Another area where con-
ducting polymers could find great potential applications

is corrosion protection. Following DeBerry’s work [12]
on the corrosion-protective properties of polyaniline on
stainless steel, many papers have been published describ-
ing corrosion studies of conducting polymers on various
active metals. Protective coatings from conductive poly-
mers were deposited on Al [13], Fe [14], Zn [15], Mg
[16], Ti [17], Ni [18] and on steels [4, 19, 20]. Con-
ducting polymers films deposited on metals have been
demonstrated to stabilize a stationary potential within
passive range which protects metal against its active dis-
solution [21, 22]. Most of efforts reported to date have
involved polyaniline [19, 21], polypyrrole [4, 20] and
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polythiophene [23] (or their derivatives) for metal cor-
rosion protection.

Poly(3,4-ethylenedioxythiophene) (PEDOT) is con-
ductive polymer of polythiophene (PTh) class, which
exhibits high stability, good conductivity and elec-
trochromic properties [24-31]. As compared to the thio-
phene (Th), the 3,4-ethylenedioxithiophene (EDOT) has
lower oxidation potential, what is important in anti-
corrosion applications. Corrosion protection using PE-
DOT was first reported by Sakmeche et al. [23]. Since
then, there is only few paper works about this problem
[32-34]. The limitation in application of anticorrosion
PEDOT coatings is their poor adherence to the metal
substrate and low solubility of the monomer (EDOT) in
aqueous solution (this is why most of work concerns to
organic solvents [35, 36]).

In our previous works [37, 38] it was proposed to use
the composite coatings based on 3,4-ethylene- dioxythio-
phene) (EDOT) and 4-aminobenzoic acid (ABA) for
protection of stainless steel against corrosion. The PE-
DOT/ABA coatings were deposited from 0.1 mol dm−3

H2SO4 aqueous solution using the cyclic voltammetry
method. The study showed that application of ABA in
the composition of the conductive polymer distinctly im-
proved the coating adhesion to the steel. Unfortunately,
the poor solubility of the monomer in aqueous solution
worsens the efficiency of the process. According to lit-
erature reports [23, 39], electropolymerization of thio-
phene and its derivatives can be effectively carried out
in aqueous solutions containing surfactants. Sakmeche et
al. [23], proposed the use of an aqueous anionic micellar
medium containing sodium dodecylsulfate (SDS) for PE-
DOT electropolymerization. Presence of the surfactant
in modification solution is prone to a decrease of EDOT
oxidation potential on platinum substrate as compared
with the approach with a use of organic solvents [40].
In aqueous micellar solution the effective concentration
of monomer is higher and the number of active sites of
polymerization increases [23, 40- 42].

The present work describes the electrodeposition
process and the quality of PEDOT/ABA films formed
from aqueous micellar solution with sodium dodecylsul-
fate (SDS) as surfactant. The coatings were obtained by
cyclic voltammetry method on X20Cr13 stainless steel
and on glassy carbon electrode (GCE). The experimental
conditions (such as potential range, scan rate and mod-
ification solution composition) were optimized in the
present study. The protective properties of PEDOT/ABA
coatings were evaluated in acidified (pH=4) sulphate so-
lution without- and with addition of chloride ions.

2. Experimental

Analytically pure 4-aminobenzoic acid (ABA) and
3,4-ethylenedioxythiophene were purchased from Sigma.
Sodium dodecylsulfate salt was obtained from Aldrich.
Other reagents were also of analytical reagent grade and
used as received. The solutions were prepared from the
distilled and subsequently deionized water. The solutions
are being freshly prepared for each surface modification.

Samples of commercially available stainless steel
(X20Cr13) containing (in wt %) C (0.17), Cr (12.6),
Si (0.34), Ni (0.25), Mn (0.30), V (0.04), P (0.024) and
S (<0.005) were used in the form of disks (operating sur-
face area, 0.2 cm2) as electrode substrates. Prior to each
experiment, the electrode surfaces were polished with
waterproof emery paper (No. 600, 1000 and 2000) and
rinsed with distilled water. In order to characterize basic
electrochemical properties of PEDOT/ABA films, glassy
carbon (from CH Instruments 104, USA) was used as an
inert electrode substrate (geometric working area, 0.13
cm2). Glassy carbon electrode was activated by polishing
with aqueous alumina slurries (grain size, 0.05µm) on a
polishing cloth and rinsed with distilled water.

All electrochemical experiments were carried out
using CH Instruments 660 electrochemical station
(Austin, USA) at a temperature of 20±2oC. A three-
electrode electrochemical cell was used with a glassy
carbon or stainless steel as working electrodes, a spi-
ral platinum wire as counter electrode and a saturated
calomel electrode (SCE) as reference electrode.

The electrochemical modification on X20Cr stain-
less steel substrate was performed in aqueous micellar
solution containing: 0.1 mol dm−3 EDOT + 0.01 mol
dm−3 ABA + 0.14 mol dm−3 SDS + 0.1 mol dm−3

H2SO4. PEDOT/ABA films were obtained by cyclic
voltammetry with potential scanning rate of 50 mVs−1

from -0.2 to 1.3 V (versus Ag/AgCl). After modification,
the tested electrode was eventually rinsed with deionized
water, and then was ready for characterization. Voltam-
mertric responses were recorded in 0.5 mol dm−3 H2SO4
with potential ranging from 0.0 V to 0.9 V (scan rate,
50 mVs−1). Topography of the tested coatings was eval-
uated using a metallographic microscope from Olympus
(GX51).The adhesion tests were carried out by ScotchTM

tape after each film deposition.
To characterize the corrosion behavior of uncovered

and covered samples, the potentiodynamic polarization
curves were recorded at 10 mV s−1 scan rate, by potential
change between – 0.8 and +1.6 V (vs SCE) in acidified
0.25 mol dm−3 K2SO4 (pH=4) solutions without and
with addition of 0.5 mol dm−3 KCl.
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3. Results and discussion

To determine the most effective conditions for elec-
trochemical deposition of PEDOT/ABA coatings a series
of measurements were carried out. The potential range,
scan rate and composition of the solution (concentrations
of ABA and monomer in modification solution) were
optimized for film electrodeposition process on glassy
carbon electrode (GCE). Then, the electrodeposition pa-
rameters (with steady-state conditions) and the quality of
PEDOT/ABA films formed on X20Cr13 stainless steel
were reported.

3.1. Electrochemical deposition of PEDOT/ABA
coatings on glassy carbon substrate

In initial attempts, the optimum potential range for
PEDOT/ABA films deposition from aqueous micellar
solution has been determined. The potential range was
selected so as to ensure both oxidation of amino group in
ABA (0.8 V to 1.0 V) [43, 44] and oxidation of monomer
(0.8 V to 1.2 V) [23]. A series of electrodepositions were
performed by cyclic voltammetry from a start potential
equal to -0.2 V to a final potential value of E f , varying
from +0.9 V to 1.3 V. Fig. 1 illustrates an example of
the first cycle of the electrodeposition process of PE-
DOT/ABA film on GCE.

Fig. 1. Cyclic voltammograms illustrating the first cycle of PE-
DOT/ABA electrodeposition on the GCE substrate, E f = +0.9 V
(dotted line), E f = +1.1 V (dashed line), E f = +1.3 V (solid line).
Inset: following cycles of electrodeposition for E f =1.3V. Scan rate,
50 mVs−1

As it is seen from Fig. 1, the final potential equal
to 0.9 V (or 1.1 V) is not sufficient for electrodeposition
of PEDOT/ABA coatings. By increasing E f to 1.3 V,
followed by oxidation of the coatings components (ABA
and EDOT), the film starts growing. The oxidation be-
gins at the first cycle and takes place when the potential
becomes more noble than 1.1 V, which is confirmed by

the rise of current intensity. The following cycles (inset
in Fig. 1) illustrates the successive growth of composite
layers. In several first cycles, the oxidation and reduc-
tion current densities increased gradually, however, in
subsequent cycles, the growth rate of the film became
distinctly slowed and measured current densities stabi-
lized.

Fig. 2 shows voltammetric responses obtained for
PEDOT/ABA coatings deposited on GCE in various po-
tential ranges (from -0.2 to 0.9 V to -0.2 to 1.3 V).
In applied potential range, there were not observed any
oxidation nor reduction peaks, which indicates on capac-
itive properties of the film [1]. Voltammetric responses
for PEDOT/ABA films deposited at potential ranges -0.2
to 1.2 V and -0.2 to 1.3 V show similar plots, but a little
higher oxidation- and reduction current densities were
obtained for the film deposited in second potential range.

Fig. 2. Voltammetric responses recorded in 0.5 mol dm−3 H2SO4 for
the PEDOT/ABA films deposited in different potential range. Scan
rate, 50 mVs−1

Fig. 3. Voltammetric responses recorded in 0.5 mol dm−3 H2SO4 for
the PEDOT/ABA films deposited on GCE at different scan rates
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Fig. 4. Voltammetric responses recorded in 0.5 mol dm−3 H2SO4 for the PEDOT/ABA films on the GCE of the solution containing different
concentration of (a) EDOT and (b) ABA. Scan rate, 50 mVs−1

Fig. 3 illustrates cyclic voltammetry responses ob-
tained for PEDOT/ABA coatings on GCE at some vari-
ous potential scan rates. As it is seen in Fig. 3, voltam-
metric response current increases with increasing scan
rate of the deposition process. Voltammetric responses
obtained for PEDOT/ABA coatings deposited at a scan
rates ranging from 5 to 50 mVs−1 are similar. Greater
differences in current densities are observed for coat-
ings deposited at higher scan rates (100, and particular-
ly 500 mVs−1). However, microscopic observations and
ScotchTM tests have shown that these latest coatings ex-
hibit worse homogeneity and rather poor adhesion. This
is why we have chosen 50 mVs−1 as the most advanta-
geous scan rate for electrodeposition process.

In order to put forward optimal conditions to ob-
tain highly effective PEDOT/ABA films, we tested the
effects of monomer- and 4-aminobenzoic acid concentra-
tions in modification solution. In Fig. 4 the correspond-
ing voltammetric responses are presented. The responses
in Fig. 4a were obtained for PEDOT/ABA coatings de-
posited from aqueous micellar solution containing con-
stant concentrations of ABA (0.01 M), SDS surfactant
(0.14 M) and basic electrolyte (0.1 M H2SO4), but differ-
ent concentrations of EDOT. As it can be noticed from
Fig. 4a, the voltammetric currents clearly increase with
increase of EDOT concentration in the modification so-
lution.

Fig. 4b shows the voltammetric responses obtained
for PEDOT/ABA coatings deposited from aqueous mi-
cellar solution containing constant concentration of
monomer- EDOT (0.01 M), SDS surfactant (0.14 M) and
basic electrolyte (0.1 M H2SO4), but different concen-
trations of ABA. All the curves from Fig. 4b are similar,
and they show only small differences in the current den-
sities. As it follows from microscopic observations and
adhesion tests, the most advantageous physicochemical

properties exhibits the PEDOT/ABA coating obtained
from solution containing 10 mM of ABA.

3.2. Electrochemical deposition of PEDOT/ABA
coatings on X20Cr13 stainless steel

The research presented in the previous section al-
lowed to establish the optimal conditions for electrode-
position of PEDOT/ABA coatings on X20Cr13 stainless
steel substrate. Thus, the electrodeposition process on
stainless steel was carried out in aqueous micellar solu-
tion containing: 0.1 M EDOT + 0.01 M ABA + 0.14 M
SDS + 0.1 M H2SO4. The coatings were deposited at
potential range from -0.2 V to +1.3 V and at potential
sweep rate 50 mVs−1.

Fig. 5a illustrates comparison of first cycles of elec-
trodeposition process of PEDOT/ABA coatings on stain-
less steel and glassy carbon electrodes. The irreversible
oxidation peak is observed at about 1.1 V (for GCE) and
1.2 V (for stainless steel). At these potentials, the oxida-
tion of both amino group in ABA and monomer proceed.
The peak current decreases gradually with the subse-
quent potential scanning cycles. As we can see from
insert in Fig. 5, in first cycle of deposition, oxidation
of steel takes place (irreversible peak from -0.4 V to
+0.2 V). This peak corresponds to active dissolution of
steel followed by formation of passive layer (E > 0,2
V). At E > +1.0 V the anodic currents start going to
grow, which can be ascribed to oxidation of film com-
ponents (amine group in ABA and EDOT monomer)
and beginning of film deposition. The further increase
of the anodic current (E > +1.2 V) is connected with
transpassivation of steel (oxidation of Cr(III) oxide to
CrO2−

4 ) [45]. In Fig. 5b voltammetric responses obtained
for PEDOT/ABA coatings on GCE and stainless steel are
compared.
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Fig. 5. (a) Cyclic voltammograms illustrating the first cycle electrodeposition of PEDOT/ABA film on GCE (solid line) and stainless steel
(dashed line). Inset: First cycle deposition of the film on stainless steel measured at wide potential range. (b) Voltammetric responses recorded
in 0.5 mol dm−3 H2SO4 for PEDOT/ABA films on GCE (solid line) and on stainless steel (dashed line). Scan rate, 50 mVs−1

In order to get insight the morphology of PE-
DOT/ABA film electrodeposited on stainless steel, we
examined its structure by metallographic microscope. As
it can be seen from Fig.6 the obtained PEDOT/ABA
coating is homogeneous and compact, and shows char-
acteristic globular clusters, typical for PEDOT films [18,
23].

Fig. 6. The topography of the PEDOT/ABA film electrodeposited on
stainless steel. Deposition time: 1000s (34 cycles)

Potentiodynamic curves for bare stainless steel and
for steel covered with PEDOT/ABA film, measured in
acidiffied sulfate solution (pH=4), in the absence and in
the presence of 0.5 M of chloride ions, are presented in
Figs. 7 and 8.

As it is seen in Fig. 7, the presence of PEDOT/ABA
coatings on stainless steel has led to a significant de-
crease of anodic current densities especially in potential
range -0.6 ÷ +0.2 V. It is noteworthy that the corro-
sion potential is shifted for covered steel of about 0.3 V

towards positive values. The PEDOT/ABA coatings in-
hibits corrosion process in active range of about order
of magnitude. The active dissolution peak of the steel
(-0.4 V) is not very distinct for the applied test solution
(pH=4) and it practically disappears for covered steel. In
passive range (up to 0.9 V), the current densities for bare
and covered steel are similar, however, PEDOT/ABA
coating distinctly inhibits transpassive dissolution of the
steel (>1.1 V).

Fig. 7. Potentiodynamic curves recorded for bare stainless steel (solid
line), and for stainless steel covered with PEDOT/ABA film. Elec-
trolyte, 0,25 mol dm−3 K2SO4 (pH= 4). Scan rate, 10 mVs−1

As it results from Fig. 7 and 8, in spite of the pres-
ence of chloride ions, the PEDOT/ABA coating inhibits
the active dissolution of steel. What is more: in presence
of PEDOT/ABA coatings steel passivates spontaneous-
ly. However, for solution containing Cl− ions the break
down of the passive layer takes place. The polarization
curves indicate (Fig. 8) that the pit nucleation potential
(Epit) equals ca. -0.1 V for bare steel and it is signif-
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icantly shifted (by about 0.3 V) towards positive value
for steel covered with PEDOT/ABA coating. Moreover,
for steel covered with PEDOT/ABA film the slope of
anodic curve above Epit is distinctly lower than that for
bare steel. This is the evidence that the pits development
is definitely slower for covered steel than that for bare
steel.

Fig. 8. Potentiodynamic curves recorded for bare stainless steel (solid
line), and for stainless steel covered with PEDOT/ABA film (dashed
line). Electrolyte, 0.25 mol dm−3 K2SO4 + 0.5 mol dm−3 KCl (pH=
4). Scan rate, 10 mVs−1

Fig. 9. Changes of open circuit potentials vs. exposure time recorded
for bare stainless steel (solid line), and for stainless steel covered with
PEDOT/ABA film (dashed line). Electrolyte, 0.25 mol dm−3 K2SO4

+ 0.5 mol dm−3 KCl (pH= 4)

In order to evaluate the kinetic stability of PE-
DOT/ABA films we followed through changes of the
open circuit potential of stainless steel substrate uncov-
ered and covered with PEDOT/ABA film (Fig. 9). Under
such conditions, the corrosion process of bare steel pro-
ceeds at relatively fast rate, immediately after its immer-
sion to the corrosion solution (pH=4, 0.5 M Cl−). Mod-
ification of the steel with PEDOT/ABA coating moves

the open circuit potential (Ecorr) in the passive range,
then the corrosion potential progressively decreases ver-
sus the exposure time. The steel transition to the active
range comes about 180 mins for covered steel. The plots
presented in Fig. 9 testify that PEDOT/ABA coating sta-
bilizes passive state of stainless steel in acidified solution
containing 0.5 M of chloride ions for comparatively long
period of time.

4. Concluding remarks

The objective of this work was the optimisation
of PEDOT/ABA electrodeposition process from aque-
ous micellar solution. The most advantageous concentra-
tions of EDOT (0.1 M) and ABA (0.01 M) in modifica-
tion solution, ensuring effective corrosion inhibition and
coating adherence to the stainless steel substrate have
been determined. Obtained PEDOT/ABA surfacial films
exhibit promising properties towards the protection of
stainless steel against both general and pitting corrosion
in acidified, chloride-containing medium.
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