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Abstract—  The polyanilne coatings of variable 

thickness were synthesized on low carbon steel 

by electrochemical polymerization of aniline 

using sodium salicylate as a supporting 

electrolyte. The results show that the aq ueous 

salicylate solution is a suitable medium for the 

electrochemical polymerization of aniline.  The 

thickness of coatings are optimized and  varied 

by varying the number of scans of deposition by 

sweeping the electrode potential in the range -

1000mV to 1800mV. The coating deposited for 5 

scans, 10 scans, 15 scans and 25 scans shows 

thickess of the polyaniline coating was 3μm, 

6μm, 12μm and 16μm respectively.The thickness 

of sample was measured by Tolansky 

interferometer. The performance of polyaniline 

coatings against corrosion of low carbon steel in 

aqueous 3% NaCl was evaluated by 

potentiodynamic polarization curves and results 

of this reveals that the polyaniline coatings with 

thickness 6 μm shows better corrosion resistant 

behavior than polyaniline coatings of 

thicknesses 3 μm, 12 μm and 16 μm. 
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1. INTRODUCTION 

Conducting polymers have variety of applications 

in different areas such as rechargeable batteries, 

sensors, electromagnetic interference shielding, 

electrochromic display devices, smart windows, 

molecular devices, energy storage systems, 

membrane gas separation etc. [1],[2],[3]. The 

polyaniline is the most promising conducting 
polymer for corrosion protection of metals had 

advantage due to the low cost. polyaniline coating 

for corrosion protection of metals was first reported 

by DeBerry et al [4].  It was further studied that 

polyaniline has ability to serve as a corrosion 

protective coating on mild steel  in 3% Nacl shown 

by pawar et. al. [5]. Also poly(aniline-co-o-

toluidine) coatings were synthesized on low carbon 

steel substrates by the electrochemical 

copolymerization of aniline with o-toluidine with 

sodium tartrate as the supporting electrolyte. The 

poly(aniline-co-o-toluidine) coatings provided 
more effective corrosion protection to low carbon 

steel than the respective homopolymers [6]. While 

the copolymer of poly(aniline-co-o-anisidine) 
(PAOA) coatings were carried out on mild steel by 

the electrochemical copolymerization of aniline 

with o-anisidine. The corrosion rate was observed 

to be dependent on the feed ratio of o-anisidine 

used for synthesis of the copolymer coatings [7]. 

As Lacaze et al [8] have discovered a general one-

step process for ultra-fast electropolymerization of 

pyrrole on oxidizable metals using sodium 

salicylate solution and pyrrole. hence sodium 

salicylate was chosen as the supporting electrolyte 

for the ECP of aniline due to its ability to form a 
non-conducting passive layer on mild steel surface 

without preventing the monomer oxidation. 

In the work reported in this paper, we have made 

an attempt to synthesize polyaniline coatings of 

variable thickness on low carbon steel by 

electrochemical polymerization from aqueous 

salicylate medium and to examine the performance 

of coatings against corrosion. 

  The results reported in this paper have 

clearly shown that the ECP of aniline from the 

aqueous salicylate solution results into the 

formation of polyanilne coatings. The evaluation of 
the corrosion protection performance of these 

coatings reveals that polyaniline coating with 

thickness 6μm acts as a better potential material 

against corrosion in aqueous 3% NaCl as compared 

to coatings, of thicknesses 3 μm, 12 μm and 16 μm. 

 

2. RESULTS AND DISCUSSION   

2.1 SYNTHESIS OF 

POLYANILINE COATINGS ON LOW 

CARBON STEEL 

Polyaniline coatings of variable thickness was 

deposited on low carbon steel by sweeping the 

electrode potential between the -1000mV to 

1800mV at the scan rate of 20mV/Sec for 

different number of scans of cyclic voltammetry. 

The solution containing concentration 0.3 M 
aniline  and 0.1 M sodium salicylate at room 

temperature. The first scan of cyclic voltammetry 

shown in figure 1(a), for each thickness is 

characterized by onset of oxidation wave  at ~ 709 

mV and the oxidation wave (B) at  ~1479 mV and 

beyond this potential high anodic current flows. 

During the reverse cycle, the anodic current 
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density decreases rapidly and a negligibly small 

current is observed till -345 mV. The negative 

cycle terminates with a small reduction peak (C) 

at ~ -620 mV as reported in pawar et.al.[5] 

 

During the next scan Figure 1(b), the 

broad new anodic peak A1  appeared at less 

positive potential ~ 353 mV  and rest of the 

features are similar to that of the first scan. As 

deposition polyaniline coating begins during first 
positive cycle, the anodic peak A1 is assigned to 

the polymerization process. On repetitive cycling, 

the voltammograms identical to that of second scan 

are obtained. However, the current density 

corresponding to the anodic peaks decrease 

gradually with the number of scans.  

 

Fig.1 :  Cyclic voltammogram scans  (a) first, (b) 

second  and (c) fifth scan recorded during the 

synthesis of polyaniline coatings  

The SEM images of the polyaniline 

coating 3m thick nonuniform morphology, the 
coating with thickness 6μm is uniform, crack free 

and featureless while SEM images of 12μm 
thickness, 16μm thickness shows non uniform 

surface morphology with pores. 

 

Fig.2 :  Scanning Electron Micrographs of 

polyaniline coatings of (a) 3μm thickness, 

(b) 6μm thickness  (c) 12μm thickness 

(d)16μm thickness  

 

2.2 CORROSION PROTECTION 

PROPERTIES OF THE POLYANILINE 

COATINGS 

The potentiodynamic polarization 

measurements were performed by sweeping the 

potential between  – 250mV and 250mV from 

open circuit potential at the scan rate of 2 mV/sec. 

The Tafel slopes of the anodic (a) and cathodic 

(b) parts of the polarization curve were obtained. 
The corrosion current density (Icorr) in A/m2 was 

calculated by using Stern-Geary equation [9] and 

it is converted into the corrosion rate (CR) in mm 

per year by using the expression [10] – 

where MW is molecular weight of mild steel (g),  
is the density of low carbon steel  (kg/m3) and z is 

the number of electrons transferred in the corrosion 

reaction; z =2 in the case of low carbon steel. 

In order to study the corrosion protection 

performance of the polyaniline coatings, the  

potentiodynamic polarization measurements of 

bare low carbon steel and Polyaniline coated low 

carbon steel were performed in aqueous 3% NaCl 

solution. The potentiodynamic polarization curves 

for bare low carbon steel and Polyaniline coated 
low carbon steel for different thicknesses recorded 

in aqueous 3 % NaCl solution are shown in Figure 

3. The Tafel measurements clearly show that a 

considerable reduction in the corrosion current 

density (Icorr) occurs for the polyaniline  coated 

low carbon steel with respect to the bare low 

carbon steel. The values of the Ecorr, Icorr and 

corrosion rates  obtained from these curves are 

given in Table I. Further, it is found that the 

corrosion rate changes significantly (cf. Table I) 

with the thickness of the polyaniline coating. It is 

observed that the corrosion rate initially decreases 
with the increase in the coating thickness and the 

corrosion rate of Polyaniline coated low carbon 

steel of specially 6μm thickness shows highest 

reduction is found to be ~ 0.0005 mm/year which is 

~ 600 times lower than that observed for bare low 

carbon steel and the for thickness 12μm the 

corrosion rate slightly increased and then further 

increased for the thickness 16μm. Thus, these 

results reveal the capability of polyaniline to act as 

a corrosion protective layer on low carbon steel and 

its thickness significantly affects the corrosion 
protection properties this is happened for thickness 

3μm the coating is uniform, light brown color and 

less stable, for 6μm the coating is uniform crack 

free, adherent more stable, for 12μm the coating the 

thickness get doubled and coating is dark black 

with minute pores on it while for 16μm the coating 

become and coating become more porus and hence 

affects the performance against corrosion. 
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Figure3. Potentio dynamic polarization curves for 

polyaniline coated low carbon steel (A)bare low 

carbon steel(a) 3μm thickness(b), (B) bare low 

carbon steel(a) 6μm thickness(b),  (C) bare low 
carbon steel(a) 12μm thickness(b) and (D)16μm 

thickness recorded in aqueous 3% NaCl solution. 

Table I. Potentiodynamic polarization 

measurement results of polyaniline 

coatings of different thickness in 3% 

NaCl 

CONCLUSIONS- 

Sodium salicylate is suitable medium for 

ECP of polyaniline on low carbon steel.  

The result of SEM reveals the polyaniline 

coating with thickness 6μm is uniform, 

crack free and featureless morphology as 

compared to that of of 3μm, 12μm and 

16μm thickness coating 

The potentiodynamic polarization study 

reveals that the PANI acts as a corrosion   

protective layer on LCS in 3%  NaCl 

solution. 

The study of , effect of thickness variation 

on anticorrosive properties of  PANI 

coatings in 3% NaCl indicates that better 

results found at coating with thickness 6μm . 
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