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Abstract

The corrosion performance of polyaniline (PANI) pigmented coating on steel has been studied by electrochemical impedance spectroscopy
(EIS) in 3% NaCl and 0.1N HCI solutions. Initially, the impedance values were found to decrease due to the corrosion of steel in pin holes
of the coating. However, on increased exposure time, the impedance values were found to increase due to the formation of passive film on
the exposed steel in pin holes. These studies have shown that the polyaniline pigmented coatings are able to protect the steel both in acid anc
neutral media.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction time in contact with the solution without losing electrical
and mechanical characteristics. This effect is probably due
In recent years, corrosion protection of steel by conduct- to the presence of air, which keeps PANI in the emaraldine
ing polymer coatings is reported. Both electropolymerised oxidation state.
coatings and polymer pigmented paint coating have been Wessling and Posdorfgr0] have studied the performance
found to offer corrosion protection. The advantage of pro- of polyaniline primer coatings on steel by salt spray test, elec-
tection by conducting polymer coating is that the coatings trochemical impedance spectroscopy and scanning Kelvin-
get more tolerance to pin holes due to their passivation abil- Probe in 3% NaCl. The coating system with polyaniline
ity. Several studies have been made on the use of elec-primer has been found to be highly corrosion resistant.
tropolymerised polyaniline coating as corrosion protective =~ The mechanistic investigation of corrosion protection
coating on stedll-7]. Mengoli et al.[8] have reported that  of polyaniline coating on steel using scanning reference
polyaniline containing paints offer high corrosion resistant electrode technique has been made by Kinlen efldl].
coatings. They have found that polyaniline coatings passivate the
Santos et a[9] have studied the corrosion resistant prop- pin hole defects in the coatings. Further, they have shown
erty of steel coated with polyaniline by spraying a 2% so- that phosphonic acid salts of polyaniline are more effective
lution of polyaniline inN-methyl pyrrolidine. They found  for corrosion protection than sulfonic acid salts. A model
that the steel coated with polyaniline gained nearly 100 mV has been proposed for the protection of steel polyaniline
in corrosion potential in 3% NaCl and a low corrosion rate coatings.
was observed. This change in corrosion potential has been In all the above studies, it has been shown that the con-
attributed to the formation of a passive layer. Further, these ducting polymer coating such as polyaniline stabilizes the
studies have shown that the PANI film loses water when kept potential of the metal in the passive region and maintains
out of the solution and returns to the original state after some a protective oxide layer on the metal. Both SEM and XPS
studies have revealed that an oxide layer has been formed be-
* Corresponding author. tween the PANI coating and the steel surface and is composed
E-mail addresssathyacecri@yahoo.co.in (G. Venkatachari). mainly of FeOs above a very thin F#,4 layer[12—-14]
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It has been reported by Wrobleski et §l5] that the
doped electrically conducting form of polyaniline film (film 3.0
of thickness 0.005cm) on steel with epoxy top coat gave
excellent performance in 3.5% NaCl and 0.1 M HCl even at
scribed areas. The mechanism of protection of conducting
polymer coating has been investigated by Jain efl4].
It has been stated that the doped conducting polymer will
generate an electric field which will restrict the flow of
electrons from the metal to an outside oxidizing species
thus preventing the corrosion. Among the conducting and "o 400 500 600 700 800 900
non-conducting polyaniline, it has been reported that the Wavelength (nm)
non-conducting polyaniline performed well as corrosion
resistant coatingl7]. However, the studies on the anticor- Fig. 1. UV-visible spectrum of polyaniline.
rosive properties of undoped polyaniline casted on mild
steel have shown that the performance of PANI coated 1632 cnt?, for N—H bending, 1555 and 1494 cthfor nitro-
system is not good due to the poor adhedib8]. In the gen benzenoid—quinonoid ring structure, the other IR char-
review by Mc Andrew[19], it has been stated that the acteristics are observed at 1126, 1036ém
future for the use of electrically conducting polymers as  The polyaniline containing paint was prepared as per the
corrosion resistant coatings appears promising, especially agprocedurg23] using vinyl resin (molecular weight: 30,000)
additives to improve the performance of the existing coating as binder and polyaniline as the only pigment. The charac-
systems. Studies on the use of poly(phenylene oX2@]) teristics of the paint and the coating are as given below:
and poly(2,5-bid{-methylN-hexylamine)p-phenylene
vinylene[21] as pigment in paint have shown that the paints 7, dry ()

Arbitrary units

1.0
containing these pigments are highly corrosion resistant. ~ complete dry (h) P
Inarecent studj22], it is reported that the lower polyani-  Volume solids (%) 30-33
line loaded paint has been found to be more corrosion resis-Thickness/coatm) 50+£5
PVC (%) 9-10

tant. In this paper, the corrosion resistant property of polyani-
line pigmented coating on steel in acid and saline solutions

is reported. 2.2. Methodology

Carbon steel specimen of size 5&m.5cmx 0.2cm
were pickled and coated with PANI containing paint. A glass
tube of 0.9 cm diameter of length 3 cm was fixed on the coated
steel with adhesive (m-seal). The solution of 3% NaCl and
0.1N HCI was taken in the glass tube. A platinum foil and
a saturated calomel electrode (SCE) were placed inside the
glass tube. This assembly was connected to the Electrochem-
ical Impedance Analyzer (Model 6310 EG&G). Impedance
measurements were carried out for a frequency range of

2. Experimental
2.1. Synthesis of polyaniline pigment

Reagent grade aniline was purified by distillation in the
presence of small amount of zinc dust. The 0.1 M of the
freshly distilled aniline dissolved in 0.1 M HCI was pre-
cooled. To this reaction mixture, freshly prepared solution
of 0.1 M ammonium persulphate kept at a temperature of
5-10°C was slowly added with constant stirring for 2h.
Finally polyaniline, a dark green coloured polymer was -
obtained and the efficiency of polymerization was about 75E
50%. The polymer thus obtained was filtered and repeatedly
washed with distilled water to remove the excess acid. The
polyaniline was characterized by FTIR and UV-vis spec- 55
troscopy and molecular weight was determined by GPLC
method (Shimadzu, Japan) and was found to be 16,260. N

The UV-vis spectrumKig. 1) shows the absorption peak 35~
at 336 nm due to the—r" transition in the benzenoid ring
and at 578 nm due to the donor—acceptor interaction of

T
1

quinonoid ring. The well known cation radicals and local- 15[ .
ized polaran peaks were observed at 449 and 775nm. The 2300 7850 00 o0 650
major IR absorptionKig. 2) bands at 1555 and 1453 ¢t Wavenumber (cm-1)

are the characteristic bands due to the nitrogen—quinonoid
ring structure and peaks for polyaniline are observed at Fig. 2. FTIR spectrum of polyaniline.
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100 KHz to 0.1 Hz with an ac amplitude of 20 mV. From the -1.5¢6
Nyquist plots the resistanc®{) and capacitance’;) of the

coating and the charge transfer resistari®g),(and the in-

terfacial double layer capacitand@y() values were obtained

using Zview software.

-1.0e6 |-
3. Results and discussion T
=
(=]
The corrosion behaviour of the polyaniline pigmented =/
coating on steel has been determined by measuring the open
-5.085 -

circuit potential and impedance characteristics in 3% NacCl
and 0.1N HCI solutions for different time intervalBig. 3
shows the variation of the open circuit potential with time
for coated steel in 3% NacCl. It can be seen that the OCP
has decreased from 298 to 51 mV versus SCE initially and
has started to shift in the noble direction after the 5th day of
immersion. Afterwards the OCP reached a steady value of 7

280-290 mV versus SCE. The initial decrease of OCP may (ohm)

be due to the initiation of corrosion in the pin holes. The

presence of polyaniline in the coating favours oxidation of Fig. 4. Impedance behaviour of PANI pigmented paint coating on steel in
the ferrous ions to stable passive iron oxide film at the pin 3% NaCl. (—) Initial; @) 3 days; U) 5 days; W) 10 days; () 15 days;
hole region. Due to this reaction, the OCP has been shifted(® 20 days: 0) 25 days.

to noble values after 5 days of immersion. The high positive

values of OCP indicate the formation of a protective passive tics and the second one to the processes occurring underneath

film on iron. The presence of a f@s layer between PANI ¢ film [25]. This type of behaviour is usually analysed with
coating and steel surface has been confirmed by SEM andy, following equivalent circuif26]

ESCA studie§12-14,24]

The Nyquist plots of PANI pigmented coated steel samples Ce Ca
at different immersion time in 3% NacCl are showrHig. 4. { {
The diagrams show two capacitance loops, one at high fre- Rs
quency range followed by alarger one at low frequencies. The R. |1
first capacitance loop is attributed to the coating characteris- I Rt
350 . L . .
In the above equivalent circuiRs is the solution resis-
tance C; the capacitance of the coatirfg; the resistance of
3004 .\' the coatingCq the capacitance of the interfacial double layer
T andR; is the charge transfer resistance. The impedance pa-

rameters for the above equivalent circuit have been obtained
with Zview softwareTable 1gives the impedance parameters
for polyaniline pigmented coating on steel in 3% NaCl.
200 It can be seen that the resistance value of the coafgg (
is decreased initially from 520 to 22@cn? after 3 days of
immersion and then increased gradually to 69k after
28 days of immersion. This shows the increased protective
1 property of the coating. The capacitance values of the coat-
1004 ing (Cc) are decreased from 1.7 to 0.22 nFfdndicating the
protective property of the coating. However, in conventional
paint coating, due to ingress of chloride ions and water, the
resistance of the paint film will decrease and the capacitance
S S of the film will inc'rease with time. The charge transfer resis-
Period (Days) tance_ Rct) value is decreased from 830 to 1]5(_2 kn? ar_1d
then increased to 96@kcn? after 28 days of immersion.
Fig. 3. Variation of open circuit potential of PANI pigmented paint coating T.he 'mtl_al declrease et may be due to Smal_l amount o_f
on steel in 3% NaCl. dissolution of iron but the subsequent formation of passive

2504

150+

Open Circuit Potential (mV vs SCE)
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Table 1
Impedance parameters of polyaniline pigmented paint coating on steel in 3% NaCl
S. no. Time (days) Re (2 cm?) Cc (Fem?) Ret (S2cmP) Cqi (Fcm2)
1 Initial 5.2x 10° 1.7x10°° 8.3x 10° 28x107°
2 3 22x10° 27x107°° 11x10° 39x10°°
3 5 27 x 10° 5.6 x 10710 3.8x 10° 3.9x10°°
4 10 31 x1C° 1.5x 10710 1.1x10° 1.5x107°
5 14 38 x 1P 1.1x 10710 1.2x10° 35%x10°°
6 20 46 x 1P 1.6x10°10 8.3x 10° 20x107°
7 28 69 x 1P 22x10°10 9.6x 10° 29%x107°°
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Fig. 5. Variation of open circuit potential of PANI pigmented paint coating

on steel in 0.1N HCL. Fig. 6. Impedance behaviour of PANI pigmented paint coating on steel in

0.1N HCI. (—) Initial; (@) 7 days; O) 24 days.

Using the above equivalent circuit, the resistance and
capacitance values of the coating have been obtained with
Zview software Table 2gives the impedance parameters for
coated steel in 0.1N HCI. The resistance values of the coat-
ing are in the range of 1.8 10° to 2.9x 1019 cn? and the
capacitance values are in the range of 0.5-0.14 nf=/Che

film, which resulted in the increasedR§; value. The highRg;
value even after 28 days of immersion indicates the negligible
dissolution of iron under the film.

The evolution of the open circuit potential value of steel
coated with PANI pigmented paint in 0.1N HCI with time is

shown inFig. 5. It can be seen that the open circuit potential ~* X : o
value decreased from0.200 to—0.300 V initially and then high resistance values and low capacitance values indicate

increased to the initial value. The impedance diagrams for the_highly protective_ nature of PANI pigmented paint coa’Fin_g.
steel coated with PANI pigmented paint in 0.1N HCl for dif- USIng saltfog test, it has been reported that PANI containing
ferent immersion time are shown fig. 6. In this case, only alkyd and vinyl-based coatings are able t.o protect more than
one semi circle is observed which may be due to the resis-200 N Of €xposurg27]. On comparing the impedance values

tance and capacitance of the coating. Besides the impedance

behaviour of coating is capacitive nature and the tendency

for capacitive nature increases with immersion time. The Table 2

equivalent circuit for such behaviour can be represented Impedance parameters of polyaniline pigmented paint coating on steel in

as 0.1N HCl
S. no. Time (days) Re (Q2cnP) Cc (Fem?)
(|:|° 1 Initial 1.79x 10° 5.04x 10-10
11 2 1 145x 10° 6.67x 10710
Re 3 3 454 10° 6.14x 1010
= R 4 7 183 x 1010 3.38x 10710
c 5 24 293x 100 1.38x 1010
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