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The influence of light on corrosion of polyaniline coated mild steel 

ABSTRACT 

The influence of light of the mild steel corrosion in 3% NaCl solution with polyaniline coating based 
on the possibilities that polyaniline can generate photoelectrons, even in the laboratory conditions 
has been investigated. 
Keywords: mild steel; corrosion; polyaniline; photoelectrochemistry. 
 

1. INTRODUCTION 

Conducting polymers (CP) [1] exhibit electro-
active properties in corrosion protection of different 
metals [2-5]. Up to now, many mechanisms of 
action have been proposed like, barrier effect, 
passivation of metal surfaces, auto-dedoping mec-
hanism etc. [2,3]. Still, there is a lot of ambiguities 
about the real protection mechanism. In the few 
papers, it has been suggested that polyaniline can 
produce the photoelectric effect [6-9]. 

Hence, in this paper, we investigated the 
corrosion behavior of the mild steel (MS) and the 
mild steel with polyaniline polymer coatings based 
on the possibilities that polyaniline can generate 
photoelectrons. 

2. EXPERIMENTAL 

Electrochemical synthesis of PANI on the mild 
steel (AISI 1212) electrode was performed at a 
constant current density of 1.5 mA cm

-2
 from 

aqueous solution of 0.5 M Na-benzoate (p.a. 
Merck) and 0.25 M

 
aniline (p.a. Aldrich) [10]. Prior 

to use aniline was distilled under argon atmos-
phere. All used electrolytes were prepared with 
bidistilled water. Mild steel electrode, was 
mechanically polished with fine emery papers (2/0, 
3/0 and 4/0, respectively), degreased in acetone 
and pickled in the hydrochloric acid with the 
addition of 0.5% urotropine (hexa-methylene-
tetramine). 
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Experiments were performed at ambient 
temperature (23 

o
C). Saturated calomel electrode 

(SCE) was used as reference, while Pt mesh 
served as the counter electrode. All the 
measurements were carried out using PAR 273A 
potentiostat/galvanostat and PAR Lock-in amplifier 
M5031 interfaced to a PC. 

Photoelectrochemical measurements were 
conducted using a tungsten bulb (200 W) with a 
light intensity of ~4 mW cm

-2
 measured by an 

Amaprobe SOLAR- 100 Meter. 

3. RESULTS AND DISCUSSION 

Figure 1 represents a Nyquist plot of the mild 
steel electrode in 3% NaCl at the corrosion 
potential (Ecorr = –0.642 V) under dark conditions 
and illumination (4 mW cm

-2
). As it can be seen 

illumination practically does not have any effect on 
the corrosion processes of mild steel at the 
corrosion potential. 

 

Figure 1 - Nyquist plot of the mild steel electrode in 
3% NaCl under illumination (4 mW cm

-2
) and in 

dark conditions at corrosion potential. 

Practically, the same results were obtained 
recording the polarization curves, as shown in Fig. 
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2. The determined corrosion current density under 
illumination and in the dark conditions was the 
same 20 μA cm

-2
. 

 

Figure 2- Polarization curves (v = 1 mV s
-1

) of the 
mild steel electrode in 3% NaCl under illumination 

(4 mW cm
-2

) and in the dark conditions. 

Polyaniline was synthesized galvanostatically (j 
= 1.5 mA cm

-2
), and dependence of potential over 

time of the mild steel electrode in pure 0.5 M Na-
benzoate solution and with the addition of 0.25 M 
aniline was shown in Fig. 3. 

 

Figure 3 - Galvanostatic transient of the mild steel 
electrode in pure 0.5 M Na-benzoate solution and 

with addition of 0.25 M aniline monomer. 

Without aniline in solution, potential increased 
from 1.3 to 2.25 V for 700 s. After that period, 
sharp increase of the potential could indicate 
formation of non-conducting precipitate (e.g. iron-
benzoate) onto electrode surfaces. In the solution 
with 0.25 M aniline, a slow increase of the potential 

from 1 to 1.25 V could be connected with 
polymerization of aniline. Obtained film was black, 
with good adhesion, determined by cracking. 
Assuming the density, ρ, of polyaniline doped with 
benzoate anions of 1.4 g cm

-3
 [11], and using 

equation [12]: 

y)ρ)(2

)yMjt(M
d am




  (1) 

where Mm and Ma are molar mass of aniline 
monomer and benzoate anions, y doping degree 
(due to the polymerization potential of 1.25 V PANI 
could be considered as pernigraniline form, y = 1), 

the PANI thicknesses of 6 μm was estimated. 

With such electrode, the above described 

corrosion experiments were repeated. Electrode 

was exposed to corrosion media for 3 hours, and 

impedance at corrosion potential was determined. 

As it can be seen, from Fig. 4, were Nyquist plot of 

the MS-PANI electrode in 3% NaCl under 

illumination (4 mW cm
-2

) and in dark conditions at 

corrosion potential was shown, illumination has 

effect, and accelerated corrosion. In the dark 

conditions overall impedance was ~3000 Ω cm
2
, 

while under illumination ~2550 Ω cm
2
. 

 

Figure 4 - Nyquist plot of the MS/PANI electrode in 
3% NaCl under illumination (4 mW cm

-2
) and in 

dark conditions at corrosion potential. 

Recording polarization curves under the same 

conditions, the similar results were obtained. 

Determined corrosion current density under dark 

conditions was 5.7 μA cm
-2

 and under illumination 

was 10 μA cm
-2

. From the polarization curves it is 

obvious that illumination affects only anodic branch 

of the polarization curve. Cathodic branch remains 

practically unchanged. The insert in Fig. 5, shows 

the photocurrent density in the whole range of 

investigated potential. As it can be seen anodic 

photocurrent reaches few microampers near the 

corrosion potential. This effect is steel under 

investigations. But it seems that light (hv) 

accelerates transfers of the electrons between 

metal-polymer surfaces. 
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Figure 5 - Polarization curve of the MS/PANI 
electrode in 3% NaCl under illumination (4 mW cm

-

2
) and in dark conditions 

4. CONCLUSION 

From our simple experiments, it could be 
concluded that corrosion processes of steel 
covered with polyaniline could be affected by light 
intensity. In our work, mild illumination was applied 
(4 mW cm

-2
) which is the usual light intensity in 

laboratory conditions. Hence, any further works in 
application of conducting polymers in corrosion 
protection of metals should consider light intensity. 
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IZVOD 

UTICAJ OSVETLJENOSTI NA KOROZIJU MEKOG ČELIKA 
SA PREVLAKOM POLIANILINA 

Ispitivan je uticaj svetlosti na koroziju mekog čelika sa prevlakom polianilina u 3% rastvoru NaCl 
sa pretpostavkom da polianilin može generisati fotoelektrone čak i u uslovima laboratorijskog 
osvetljenja. 
Klјučne reči: meki čelik; korozija; polianilin; fotoelektrohemija. 
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