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Electrosynthesis of Polyaniline Film on AA 7075 Alloy
and Its Corrosion Protection Ability
K. Kamaraj, V Karpakam, S. Sathiyanarayanan,z and G. Venkatachari
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Polyaniline has been electrodeposited on an AA 7075 alloy by a potentiostatic method, and its corrosion protection ability has been
studied by Tafel polarization and electrochemical impedance spectroscopic techniques in 1% NaCl. A pure polyaniline film
protects the aluminum alloy up to 70%. However, the corrosion resistance property of the polyaniline film has substantially
increased to 90% by post-treatment in a cerium salt solution. X-ray photoelectron spectra studies have shown that the film formed
due to the post-treatment of polyaniline with the AA 7075 alloy in the cerium salt solution is composed of both Ce3+ and Ce4+

oxides.
© 2010 The Electrochemical Society. �DOI: 10.1149/1.3272637� All rights reserved.

Manuscript submitted July 3, 2009; revised manuscript received November 6, 2009. Published January 4, 2010.

0013-4651/2010/157�3�/C102/8/$28.00 © The Electrochemical Society
The electrodeposition of conducting polymers onto active metals
has been a subject of many studies due to their corrosion protection
properties of these coatings. A successful electropolymerization re-
quires the formation of a passive layer, which might be able to
inhibit the dissolution of the oxidizable metal without blocking the
access of the monomer and its further oxidation. Polyaniline �PANI�
and its derivatives have been widely studied because of the low
potential for polymer formation, easy preparation, and stability of
the formed films.

PANI and other conductive polymers have recently been evalu-
ated as corrosion protection coatings for Al alloys. Racicot et al.1,2

reported the corrosion inhibition of AA 7075-T6 using a polymer
complex comprised of a PANI and a polyelectrolyte, which served
as a dopant. They observed a marked reduction in corrosion current
for coated samples using Tafel polarization and also found that the
electronically conductive form was more protective than the non-
conductive form. The corrosion protection performance of PANI and
polypyrrole �Ppy� films on AA 2024 and AA 7075 was investigated
by Lu et al.3 Both polymers, with epoxy overcoats, suppressed pit-
ting corrosion at deliberately formed defects in the coatings on AA
7075. Reduced corrosion currents were also observed on AA 2024,
although no marked tendency for the passivation of the alloy was
noted by the authors. The use of conductive
poly�2,5-bis�n-methyl-n-alkylamino��phenylene vinylenes for the
protection of anodized aluminum was described by Zarras et al.,4

and potentiostatic and galvanostatic measurements of coated and
uncoated samples were compared. The polymer-coated samples ex-
hibited a 100-fold decrease in anodic polarization current and re-
duced pitting.

Besides, studies have been reported for the protection of alumi-
num by PANI.1,5,6 Tallman et al.5 presented a review about the use
of conducting polymers for corrosion control, paying special atten-
tion to the protection given by PANI to aluminum alloys used in
aerospace industry such as AA 2024-T3, AA 6061, and AA 7075.
Conroy and Breslin6 electrodeposited PANI from a tosylic acid so-
lution containing aniline and observed that the electropolymeriza-
tion was strongly dependent on the applied potential and monomer
concentration. Epstein and co-workers7 studied the corrosion protec-
tion properties of PANI in the emeraldine form and self-doped sul-
fonated PANI cast-deposited on the AA 3003 and AA 2024-T3 al-
loys. They found that these coatings were effective in reducing the
corrosion rate when the coated electrodes were exposed to chloride
environments. They also proposed that the PANI coatings facilitated
the extraction of copper from the surface of the AA 2024-T3 alloy
and thereby reduced the galvanic coupling between aluminum and
copper and reduced the corrosion. Shah et al.8 studied the corrosion
protection offered by copolymer composites of PANI and Ppy and
concluded that it depended on the electrochemical processing vari-
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ables such as applied current density and deposition period. Fujita
and Hyland9 coated PANI onto an AA 5005 aluminum alloy pre-
treated in various ways. The authors collected evidence about a
chemical interaction between the coating and the metallic surface
that varies with the pretreatment of aluminum.

There have been much fewer reports on the direct preparation of
PANI at an aluminum electrode. For example, Eftekhari10,11 reported
the preparation of enzyme-modified PANI coatings at an aluminum
electrode from a 0.1 mol dm−3 solution of aniline in a supporting
sulfuric acid solution. However, this appears to be the only report on
the direct electrochemical formation of PANI at an aluminum sub-
strate.

Electrodeposition of conducting polymer coatings on aluminum
is difficult due to the existence of adherent naturally formed Al2O3.
Husler and Beck12 postulated the formation of a porous-type Al2O3
film parallel to the electropolymerization process. The authors also
concluded that both a Ppy film and a porous-type Al2O3 form on a
pretreated aluminum from an aqueous solution containing oxalic
acid and pyrrole. It is also reported that the pretreatments are essen-
tial for the successful formation of both films �porous Al2O3 and
Ppy film in the pores�. Beck and Husler13 also reported the forma-
tion of a similar type of an Al2O3/Ppy composite using some non-
aqueous media such as acetonitrile and methanol. Cheung et al.14

confirmed the formation of a Ppy film on a thin Al2O3 film in a
propylene carbonate solution. Naoi et al. reported a simultaneous
formation of Al2O3:Ppy films on an aluminum electrode using so-
dium n-dodecylbenzenesulfonate.15 They also suggested that the ob-
tained bilayer film consisted of a “barrier-type” Al2O3 and an “elec-
tronically conducting” Ppy film. Naoi et al. reported about the
simultaneous formation of Al2O3:Ppy films on an aluminum elec-
trode using some sulfonates.16 Martins et al. established that pyrrole
electropolymerization on aluminum in an aqueous medium of malic
acid consists of a bilayer film composed of a barrier-type Al2O3 and
an electronically conducting Ppy layer.17 They also suggested that
adherent and homogeneous films can be used as protective coatings
against corrosion or as a counter electrode in solid-state capacitors.
Earlier studies by Kamaraj et al.18 on the galvanostatic electropoly-
merization of PANI on the AA 7075 alloy have shown that the
corrosion protection ability of PANI with the post-treatment of a
cerium salt solution is 55–65%. Hence, a study has been made on
the corrosion protection behavior of a potentiostatically electrode-
posited PANI film on the AA 7075 alloy.

In this paper, the results of the potentiostatic electropolymeriza-
tion of aniline to produce adherent PANI films on the AA 7075 alloy
from an oxalic acid solution are presented.

Experimental

An aluminum AA 7075 alloy of a 6 in. diameter rod was pro-
cured from M/s Virat Aluminum, Mumbai, India. Samples of 1
� 10 cm were cut from the rod after making 1 cm thick slices. All
the chemicals used for electropolymerization and evaluations were
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of analytical reagent grade. Electrochemical measurements were
made using a Solartron electrochemical system �model 1280B�. A
pretreated AA 7075 alloy was used as the working electrode, plati-
num foil was used as the counter electrode, and a saturated calomel
electrode �SCE� was used as the reference electrode.

Pretreatment of AA 7075.— The aluminum alloy was mechani-
cally polished with 1/0, 2/0, and 3/0 emery papers successively and
then dipped in 5% NaOH solution for 2 min to activate the surface.
After this stage, the samples were cleaned with cleaning powder to
remove the black smudge formed over the surface and were washed
thoroughly with running water and dipped in a concentrated HNO3
solution for half a minute. The samples were then washed with
distilled water and used for electropolymerization.

Electropolymerization of aniline on AA 7075 and its post-
treatment.— The pretreated AA 7075 alloy samples were masked
with adhesive tape to get an effective working area of 1 cm2 at one
of its ends. Electropolymerization was carried out by potentiostatic
polarization from the oxalic-acid-based bath with the following
composition: 1 M of oxalic acid and 0.5 M of aniline.

The electropolymerization of aniline over the AA 7075 alloy oc-
curred beyond the potential range of 1.7 V vs SCE. Hence, poten-
tiostatic electropolymerization was carried out at 1.7 V vs SCE for
different durations, and the current transients were recorded. To im-
prove the corrosion protection performance of the electropolymer-
ized PANI layer, a cerium post-treatment was attempted, which in-
volved dipping the electropolymerized coated aluminum alloy
samples in a bath containing aqueous cerium chloride �1000 ppm�
for half an hour at 60°C.

Characterization of electropolymerized layers.— FTIR spectros-
copy.— The electropolymerized PANI over AA 7075 was scraped,
and the IR spectrum of the polymer powder thus obtained was taken
using a KBr pellet in a Nicolet 380 Fourier transform infrared
�FTIR� instrument.
Morphology studies.— A scanning electron microscope �SEM, Hi-
tachi, model S3000H, Canada� and an atomic force microscope
�AFM, molecular imaging scanning probe microscope, model PI-
COSPM� were used to characterize the surface morphology of the
electropolymerized PANI on an aluminum alloy.
XPS analysis.— The X-ray photoelectron spectra �XPS� of the
samples were recorded on a MultiLab 2000 �Thermofisher Scien-
tific, U.K.� fitted with a twin anode X-ray source using Mg K�
radiation �1253.6 eV�. The sample pellets were mounted on the
stainless steel sample stubs using conductive silver paint �Agar Sci-
entific Ltd, U.K.�. The stub was initially kept in the preparatory
chamber overnight to desorb any volatile species at 10−9 mbar and
was then introduced into the analysis chamber having a base pres-
sure of 9.8 � 10−10 mbar to record the spectra. High resolution
spectra averaged over five scans with a dwell time of 100 ms in
steps of 0.05 eV were obtained at a pass energy of 20 eV in the
constant analyzer energy mode. The binding energy was referenced
with C 1s at 284.98 eV within an accuracy of �0.05 eV.

Corrosion resistance property evaluation.— The AA 7075 alloy
samples having an electropolymerized PANI coating over it were
evaluated for their corrosion resistance property in aerated 1% NaCl
by Tafel polarization and electrochemical impedance spectroscopy
�EIS�. Both the Tafel polarization and EIS measurements were car-
ried out after a 30 min immersion in 1% NaCl solution.

In the Tafel polarization method, the scanning of potential was
done from �0.2 V vs the open-circuit potential �OCP� to +0.2 V vs
the OCP at a scan rate of 1 mV/s. From the anodic and cathodic
polarization curves, the Tafel regions were identified and extrapo-
lated to the corrosion potential �Ecorr� to get the corrosion current
�icorr� using CorrView software. The Tafel regions were mostly 30–
100 mV in the studied systems.

In the EIS method, ac signals of 20 mV amplitude and various
frequencies from 10 kHz to 0.1 Hz at OCP were impressed to the
ownloaded 22 Feb 2010 to 210.212.252.226. Redistribution subject to E
coated aluminum alloys. The impedance values were reproducible
by �2 to 3%. From the impedance plots, the charge-transfer resis-
tance �Rct� and the double-layer capacitance �Cdl� values were cal-
culated using ZSimpWin 3.21 software using an equivalent

circuit where Rs is the solution resistance, Rct is the charge-transfer
resistance, and Q is the constant phase element �CPE� of the double-
layer capacitance. Because the PANI film on aluminum was in the
conducting form, the resistance offered by the polymer film was
small and the impedance behavior of the studied frequency region
corresponded to the charge-transfer reaction occurring in the alumi-
num surface. Hence, the equivalent circuit with one time constant
was used for the impedance data analysis.

For the description of a frequency-independent phase shift be-
tween an applied ac potential and its current response, a CPE was
used, which is defined in impedance representation as

Z�Q� = Y0
−1�j��−n

where Y0 is the CPE constant, � is the angular frequency �in
rad s−1�, j2 = −1 is the imaginary number, and n is the CPE expo-
nent �n � 0, for ideal capacitance Z�CPE� = C, n = 1�. The follow-
ing equation was used to convert Y0 into Cdl

19

Cdl = Y0��m� �n−1

where Cdl is the double-layer capacitance and �m� is the angular
frequency at which Z� is the maximum. Because PANI coating is
conductive, the resistance of the coating is negligible and the im-
pedance behavior represents the charge-transfer process of the alu-
minum alloy dissolution. From the measured charge-transfer resis-
tance values, the protection efficiency of the coating was obtained
from the relationship

protection efficiency �%� =
Rct�C� − Rct

Rct�C�
� 100

where Rct�C� and Rct are the charge-transfer resistance values in the
presence and in the absence of a PANI coating. From the Tafel
polarization studies, the protection efficiencies were obtained from
the following equation

protection efficiency �%� =
icorr − icorr�C�

icorr
� 100

where icorr and icorr�C� are the corrosion current values in the absence
and in the presence of PANI coatings.

Results and Discussion

Electropolymerization under potentiostatic condition.— A po-
tentiostatic current density–time �I-t� transient for PANI deposition
on the aluminum alloy electrode at an applied potential of 1.7 V is
shown in Fig. 1. It is observed from the figure that the current drops
sharply at the beginning due to the electrodeposition of the electro-
lyte and the monomer. In the second stage, the current increases due
to the formation of Al2�C2O3�3. In the final stage, the current starts
to decrease, which is due to the formation of polymer on the alumi-
CS license or copyright; see http://www.ecsdl.org/terms_use.jsp
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num substrate. The three distinct stages can be clearly seen for the
applied potential, as shown in Fig. 1. A similar mechanism of Ppy
formation from an oxalic acid bath was proposed by Akundy and
Iroh.20

FTIR studies of PANI coating.— Figure 2 shows the FTIR spec-
tra of the electropolymerized layer on the aluminum alloy by a po-
tentiostatic method. The bands around 1670, 1590, and 1490 cm−1

correspond to CvO of oxalates and to quinoid and benzenoid rings
of PANI, respectively.21,22 The band around 1240 cm−1 corresponds
to the C–N stretching frequency of PANI. The PANI formed under
potentiostatic conditions has both quinoid and benzonoid moieties.

Surface morphology studies of PANI coating.— Figure 3 shows
the scanning electron micrograph of the electropolymerized PANI
coatings over the AA 7075 alloy by a potentiostatic condition. This
figure shows the presence of uniform coverage of alloy by the PANI
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film. This picture also shows the presence of cracks in the coating.
Tapping mode AFM images yielded information about the surface
feature of the polymer film. Figure 4a and b shows the surface
topography of the electropolymerized PANI aluminum. The three-
dimensional image of the electropolymerized PANI coating has ex-
hibited a roughness value between 70.4 and 359.4 nm. Both images
confirm the presence of cracks in the film.

Corrosion protection evaluation of PANI coating.— Electropoly-
merized PANI coating on the AA 7075 alloy has been attempted for
several durations up to 5 h. The impedance behavior of such coat-
ings in 1% NaCl is shown in Fig. 5, and kinetic parameters obtained
from EIS are presented in Table I. The charge-transfer resistance
�Rct� values obtained from the EIS studies correspond to the alumi-
num oxidation reaction. This has been proved by the studies of
Conroy and Breslin,6 who have shown from EIS studies that oxida-

000 4000

Figure 1. I-t transient of potentiostatic
polymerization of aniline on the AA 7075
alloy at 1.7 V.

5001000

Figure 2. FTIR spectra of electropoly-
merized PANI on AA 7075 under poten-
tiostatic condition.
3

500
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tion of aluminum takes place for PANI-coated aluminum, whereas
PANI redox reaction takes place for PANI-coated platinum. It can be
seen that the corrosion resistant properties of the coating are not
improved with extended electropolymerization times. The Rct value
observed for 3 h of electropolymerization showed significant protec-
tion.

The results of the study with a potentiostatic pulse applied for 3
h are presented in Table II for various air aging durations of the
PANI-coated AA 7075 alloy. The corresponding impedance behavior
is shown in Fig. 6. The air aging of the PANI coating has increased
the charge-transfer resistance to 10,470 � cm2 corresponding to
69% of protection efficiency for 3 days of aging. The reason for the
increased Cdl values with aging is not clear. However, it may be due
to the increased permeation of water through the polymer film,
which is in a dehydrated state due to aging. Figure 7 shows the
polarization behavior of the potentiostatically electropolymerized
PANI for 3 h on the AA 7075 alloy in 1% NaCl. The corrosion
current density derived by extrapolating the anodic and cathodic
Tafel lines at Ecorr is also given in Table II. With prolonged aging,
i.e., after 3 days, the icorr value is decreased to 9.7 �A/cm2 from the
blank value of 37 �A/cm2. The increase in icorr values at initial
times is due to the galvanic action between the PANI coating and the
aluminum surface exposed through the cracks in the coating, which
enhanced the localized attack on the aluminum alloy. The Tafel po-
larization studies give the corrosion current values �icorr� of alumi-

Figure 3. Scanning electron micrograph of potentiostatically formed PANI
on AA 7075.

(b)a)
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num dissolution in the presence of a polymer coating and not the
magnitude of galvanic current flowing between the PANI and the
aluminum surface. The electrochemical potential of PANI �+0.3 V
vs SCE� in the solution is sufficiently anodic to oxidize aluminum
�Ecorr of �0.7 V vs SCE�, and galvanic current flows between the
PANI layer and the exposed aluminum surface.2 The flow of gal-
vanic current between the PANI coating and the exposed aluminum
surface was demonstrated by Wang and Tan23 with the help of a wire
beam electrode. Further, they found that a nonuniform PANI coating
accelerates the corrosion of aluminum. They also found that the
galvanic action between the PANI and aluminum is decreased upon
prolonged exposure in the electrolyte. However with air aging of the
PANI-coated aluminum alloy, the oxide film on the aluminum sur-
face exposed at the cracked areas may get thickened by the reaction
with atmospheric oxygen.24 But the emeraldine salt �ES� form of
PANI may not change upon exposure to atmospheric oxygen be-
cause the electropolymerized PANI is already in the oxidized
form.25 The mechanism of protection of aluminum alloys by PANI
coating has been discussed in detail by Conroy and Breslin.6 The ES
form of PANI oxidizes the aluminum surface as

2Al + 3H2O � Al2O3 + 6H+ + 6e

and the reduction of ES of PANI to leucoemeraldine salt as

3ES + 6H+ + 6e → 3LS

Due to this reaction, the conducting state of PANI is changed to the
nonconducting state upon exposure to the NaCl solution.26 How-
ever, in the present study, the PANI coating is able to protect nearly
70% due to the presence of cracks in the film.

These electrochemical test results and also the SEM observation
clearly show that the film is porous and cannot provide adequate

Figure 4. �Color online� �a� Two- and �b�
three-dimensional AFM pictures of elec-
tropolymerized PANI on aluminum alloy
AA 7075.
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Figure 5. Impedance behavior of electropolymerized PANI on AA 7075
alloy at 1.7 V �different durations� in 1% NaCl: —, blank; �, 2 h; �, 3 h; �,
4 h; and �, 5 h.
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corrosion protection to the studied aluminum alloy as such. Hence, it
is necessary to make a post-treatment that can seal the pinholes and
cracked areas of the coating where the bare aluminum is exposed to
the aggressive environment. One method is to dip the electropoly-
merized coated alloy in a bath containing aqueous cerium chloride
�1000 ppm� for half an hour at 60°C.

It has been reported that cerium ions are preferentially deposited
over copper-rich regions and reduce the oxygen reduction reaction
and hence decrease the corrosion rate of aluminum alloys.27,28 The
University of Missouri-Rolla has examined the use of cerium-based
inhibitors in conversion coatings and primers.29-32 In addition, rare
earths are generally considered nontoxic. Pioneering researches by
Wilson et al. and Hinton et al. found that cerium-based coatings
were an environmentally benign alternative to chromate conversion
coatings.33-35 A recent work by Brack et al. has shown that the
coupling of a rare-earth metallic element with a multifunctional or-
ganic component produces an inhibitor system that displays syner-
gistic effects between the two components.36

Cerium treatment of films that are formed for 3 h of electropo-
lymerization has shown an increase in Rct values to 8800 � cm2

equivalent to 64% protection efficiency �Table III�, which is higher

Table II. Effect of aging on the corrosion protection behavior of electr
conditions at 1.7 V for 3 h.

Air aging
�days�

Impedance method

Charge-transfer
resistance Rct

�� cm2�

Double-layer
capacitance Cdl

��F/cm2�

Blank 3151 13.9
1 4031 15.1
2 5000 121.3
3 10,470 193.7

Table I. Impedance parameters of electropolymerized PANI on the A
different durations.

Duration of electropolymerization
�h�

Charge-transfer resistan
�� cm2�

Blank 3151
2 3737
3 8000
4 1873
5 3036
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Figure 6. Effect of air aging on impedance behavior of electropolymerized
PANI at 1.7 V �3 h� on AA 7075 alloy in 1% NaCl: —, blank; �, 1 day; �,
2 days; and �, 3 days.
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than that of films without post-treatment. With an extended air aging
of 2–3 days, the protection efficiency is increased to more than 90%,
as inferred from the impedance behavior �Fig. 8�. The Tafel results
�Fig. 9� coincide with the impedance results, as shown in Table III.
A scanning electron microscopic picture of the cerium-treated PANI-
coated aluminum alloy is shown in Fig. 10. Upon comparing with
the cerium-free PANI morphology �Fig. 5�, it is clearly seen that the
cerium treatment resulted in cerium oxide deposition on the cracked
areas. It also confirmed that there are no morphological changes due
to either air aging or cerium post-treatment. The thickness of the
cerium post-treated PANI layers has been measured by an Elcometer
thickness meter �model 456�, and the thickness is around 12–16 �m
and remains unaffected with air aging. However, the observed in-
crease in the charge-transfer resistance values with air aging may be
due to the progressive thickening of the Al2O3 layer, which coex-
isted with the PANI layer. Braaten et al. reported that the cerium

merized PANI on the AA 7075 alloy in 1% NaCl under potentiostatic

Polarization method
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current icorr
��A/cm2�
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potential Ecorr
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efficiency
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Figure 7. Effect of aging on the polarization behavior of electropolymerized
PANI at 1.7 V �3 h� coated AA 7075 alloy in 1% NaCl: —, blank; �, 1 day;
�, 2 days; and �, 3 days.
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layer induces a large enhancement in the oxidation of the Ta and Al
substrates at room temperature.37 Further, a thin Ce overlayer has a
dramatic catalytic effect on the oxidation of polycrystalline Nb at
room temperature.38,39 Cerium reacts and forms an interfacial me-
tallic compound or alloy upon evaporation onto an Al substrate at
room temperature.40

Figure 11 shows the effect of air aging in the Nyquist represen-
tation of the complex impedance of cerium alone treated �without
PANI� on the AA 7075 alloy in 1% NaCl. The charge-transfer resis-
tance �Rct� and double-layer capacitance �Cdl� obtained from these
curves are given in Table IV. It shows that the Rct values increased
from 845.1 to 3455 � cm2 with prolonged aging due to the oxi-
dized aluminum present in the pores of the cerium coating. How-
ever, this value of Rct is very low compared to that of PANI with
cerium treatment �Table II�. Hamdy also reported that the direct

Table III. Effect of cerium salt solution post-treatment on the electro
conditions at 1.7 V for 3 h.

Air aging
�days�

Impedance method

Charge-transfer
resistance Rct

�� cm2�

Double-layer
capacitance Cdl

��F/cm2�

Blank 3151 13.9
1 8800 6.6
2 32,000 7.6
3 68,210 8.7
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Figure 8. Effect of aging on the impedance behavior of cerium-treated elec-
tropolymerized PANI on the AA 7075 alloy in 1% NaCl: —, blank; �, 1 day;
�, 2 days; and �, 3 days.
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Figure 9. Effect of aging on the polarization behavior of cerium salt solution
treated electropolymerized PANI on the AA 7075 alloy in 1% NaCl: —,
blank; �, 1 day; �, 2 days; and �, 3 days.
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treatment cerium solution does not provide good corrosion protec-
tion for aluminum alloys.41 They also confirmed the presence of
localized corrosion even after a long cerium treatment. The mecha-
nism of corrosion inhibition due to cerium depends on the incorpo-
ration of cerium ions through the pores of the Al oxide layer to
block the active surface sites �cathodic inhibitor�.41 Jakab and Scully
established that the corrosion inhibition of AA 2024-T3 is possible
with metal ions released from an amorphous Al–Co–Ce alloy lo-
cated in close proximity to the defect.42 They explained that protec-
tion of alloys exposed at coating defects is demonstrated by inhibitor
ion release in addition to barrier function and sacrificial cathodic
protection.

Figure 12 shows the FTIR spectra of the cerium-treated elec-
tropolymerized layer on the aluminum alloy by the potentiostatic

erized PANI on the AA 7075 alloy in 1% NaCl under potentiostatic

Polarization method

ection
iency
%�

Corrosion
current icorr
��A/cm2�

Corrosion
potential Ecorr
�V vs SCE�

Protection
efficiency

�%�

— 37 �0.780 —
5.1 12 �0.562 67
0.1 4.6 �0.772 87
5.4 7.7 �0.607 80

Figure 10. Scanning electron micrograph of cerium salt solution treated
PANI on AA 7075 potentiostatically at 1.7 V.
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Figure 11. Effect of aging on the impedance behavior of cerium salt solution
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method. The bands around 1670, 1590 and 1490 cm−1 correspond
to the CvO of oxalates and to quinoid and benzenoid rings of
PANI, respectively. The band around 1240 cm−1 corresponds to the
C–N stretching frequency, and the spectral peaks at 1574, 1482,
1301, and 1094 cm−1 are due to PANI; the peak at 510 cm−1 cor-
responds to the metal oxygen stretching frequency. A similar stretch-
ing frequency can also be found in CeO2 and PANI composites.43

The metal oxygen stretching frequency of 494 cm−1 in pure CeO2
shifted to 510 cm−1, indicating a weak interaction between cerium
oxide and PANI.44

The survey XPS acquired from the cerium salt solution treated
PANI on the AA 7075 alloy is shown in Fig. 13. It showed the
presence of Ce, O, C, and N. The 3d core level XPS of the cerium
salt solution treated PANI on the AA 7075 alloy is also shown in
Fig. 14. Pardo et al.45 showed several binding energies of Ce, the
characteristic satellite of Ce+4 and Ce+3. The Ce 3d spectra show the
components with binding energies of 885.8, 903.68, 900.8, 896.52,
and 881.68 eV. The characteristic satellite peaks of Ce4+ are 900.8
and 881.68 eV, and others at 885.8, 903.68, and 896.52 eV are
characteristic of Ce3+.46 The presence of Ce3+ ions in the solution
promotes the formation of a conversion coating of Ce�OH�3 on sev-
eral metal surfaces, forming a thick film composed of Ce�OH�3,
Ce2O3, and CeO2 as

Ce3+ + 3 OH− → Ce�OH�3

2Ce�OH�3 → Ce2O3 + 3H2O

2Ce�OH� + 2 OH− → 2CeO + 4H O + 2e−
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Table IV. Impedance parameters of cerium salt solution treated AA

Air aging
�days�

Charge-transfer resistance Rct
�� cm2�

Blank 3151
1 845.1
2 2263
3 3455
3 2 2
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The XPS results show that the cerium salt solution treated elec-
tropolymerized PANI on the AA 7075 alloy is composed of Ce+4 and
Ce+3 oxides. A similar mechanism was proposed by Wang et al. for
a Gr/Al composite surface.47

Conclusion
An electropolymerized PANI coating on an AA 7075 alloy was

obtained from an oxalic acid bath by a potentiostatic method. FTIR

5001000

Figure 12. FTIR spectra of cerium salt
solution treated electropolymerized PANI
on AA 7075 under potentiostatic condi-
tion.

alloy in 1% NaCl.
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Figure 13. XPS of cerium salt solution treated PANI on AA 7075 alloy.
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spectroscopy studies have revealed the presence of both benzenoid
and quinoid structures, confirming the presence of a partially oxi-
dized PANI �ES�, which is known for its conducting nature. Surface
morphological studies have shown that the PANI coating on the
aluminum alloy has numerous surface cracks. The PANI coating
offers a marginal corrosion protection of the AA 7075 alloy in 1%
NaCl due to the presence of cracks and pinholes in the coating.
However, the post-treatment of the PANI-coated Al alloy by immer-
sion in hot cerium salt solution offers a better corrosion protection
ability than that of the PANI coating without post-treatment due to
the formation of both Ce3+ and Ce4+ oxides on the aluminum sur-
face. The FTIR and XPS studies have confirmed the formation of
Ce3+ and Ce4+ oxides on the surface along with PANI on the AA
7075 alloy.
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