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Abstract: Corrosion inhibition of mild steel was studied using L-Dopa in aqueous hydrochloric acid and sulphuric acid so-

lutions. The corrosion behaviours of the steel specimen in the presence of inhibitor weret studied by galvanostatic polari-

zation and weight loss techniques. The measured electrochemical data indicated good inhibition of corrosion in both the 

corrosive medium in presence of L-DOPA. The corrosion inhibition may be explained on the basis of adsorption and for-

mation of surface film of L-DOPA on the metal surface. The surface of the steel specimen subjected to electrochemical 

corrosion in the presence and absence of the inhibitor was studied using scanning electron microscopic images. 
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1. INTRODUCTION 

 Mild steel is one of the major construction materials, 
which is extensively used in chemical and allied industries 
for handling of acid, alkali and salt solutions [1]. But its sus-
ceptibility to corrosion in humid air and its very high disso-
lution rate in acid medium are the major obstacles for its use 
on larger scale. Hydrochloric acid is the most difficult of the 
common acids to handle from the standpoints of corrosion 
and materials of construction [2]. In steel and ferrous alloy 
industries, hydrochloric acid and sulphuric acid are generally 
used as pickling agents to remove the oxide scales [3]. The 
inhibition of the corrosion of mild steel is of great impor-
tance and that can be done by many ways, among that the 
use of organic compounds as corrosion inhibitor is the most 
popular one [4, 5]. Usually inhibitors protect the metal by 
adsorbing on the surface and retard metal corrosion in ag-
gressive media. So selecting the appropriate inhibitor for 
particular metal is very important. 

 A variety of nitrogen containing organic compounds has 
been tried as corrosion inhibitors for mild steel in acid media 
[5, 6]. Some studies have shown that the inhibition of the 
corrosion process is mainly decided by the formation of do-
nor-acceptor surface complexes between free or  electrons 
of an inhibitor and vacant d orbitals of a metal. So most of 
the excellent acid inhibitors are organic compounds contain-
ing nitrogen, sulphur, oxygen and phosphorous in their func-
tional groups [7, 8]. 

 Levodopa, commonly known as L-DOPA (3, 4-
dihydroxy-L-phynylalanine) is an intermediate in dopamine 
synthesis generally used for the treatment of Parkinson’s 
disease. The molecule is enriched with the presence of 3-
hydroxyl group, an amine group and keto group which is 
very essential for an organic compound to behave as corro-
sion inhibitor. 
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 In the present investigation, L-DOPA is used as corrosion 
inhibitor for mild steel in aqueous hydrochloric acid and 
sulphuric acid solutions. The corrosion inhibition efficiency 
of the compound is studied by potentiodynamic polarization 
and weight loss studies. The surface morphology of the 
metal surface before and after corrosion is studied by SEM 
images. 

2. EXPERIMENTAL 

 Analytical Reagent (AR) grade chemicals (sd. fine 
chemicals, Mumbai) were used for the study. The aqueous 
solution of sulphuric acid and hydrochloric acid was used as 
the corrosive media. L-dopa was used as received and the 
structure of the L-dopa was used as corrosion inhibitor is as 
shown in Fig. (1). 

 

 

Fig. (1). Structure L-Dopa. 

 Mild steel specimens with composition 0.04% C, 0.35% 
Mn, 0.022%P, 0.036% S and the remainder being Fe were 
used. Specimens of size 5cm x 1cm x 0.1cm were used for 
the weight loss method and of 1cm x 1cm (exposed) with a 
5cm long stem (isolated with araldite resin) were used for 
polarization method. These samples were polished with em-
ery papers of different grit size, degreased with trichloroeth-
ylene, washed thoroughly with triply distilled water and fi-
nally dried. Prior to each experiment, the specimens were 
treated as described and freshly used with no further storage. 

 The corrosion protection performance of these coatings 
was investigated in aqueous hydrochloric acid and sulphuric 
acid media using potentiodynamic polarization and weight 
loss methods. 
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 Weight loss measurements were carried out by weighing 
the mild steel specimen before and after immersion in 
100cm

3
 acid solutions for different time intervals in the pres-

ence and absence of various concentrations of L-dopa. Du-
plicate experiments were performed in each case and the 
mean value of the weight loss was determined. 

 The polarization measurements were performed at 303K 
for unmodified steel specimens. For the polarization meas-
urements, a conventional three electrode pyrex glass cell 
consisting of a saturated calomel electrode (SCE), the mild 
steel specimen and a platinum foil as reference, working and 
counter electrodes respectively were used. The anodic and 
cathodic polarization values were measured under gal-
vanostatic conditions. The potential of the working electrode 
varied from the open circuit potential at the rate of 20mV per 
min and steady values were noted using an ELICO potenti-
ostat / Galvanostat (Model CL-95). Anodic and cathodic 
tafel lines were constructed and corrosion rates and percent-
age inhibition efficiencies were calculated. 

 The percentage inhibition efficiency ( ) was calculated 
using the following relation where I

0
corr and Icorr are the cor-

rosion current densities before and after treatment. 

Icorr

o

Icorr

Icorr

o

X 100

 

 

 Surface morphology of the modified steel surface before 
and after corrosion study was recorded using JOEL-JEM-
1200 EX-II electron microscope. 

3. RESULT AND DISCUSSIONS 

3.1. Weight Loss Measurements 

 Table 1 gives the values of inhibition efficiency of L-
Dopa for the corrosion of steel in both hydrochloric acid and 
sulphuric acid media. Percentage inhibition efficiency (% IE) 
was calculated using the following equation. 

 

where WO and W are the weight-losses in the absence and 
presence of the inhibitor in both the corrosive media. At a 
concentration of 0.015M L-Dopa exhibits maximum inhibi-
tion efficiency (68%) in HCl and sulphuric acid solution 
(71%) as shown in Table 1. Percent IE of the inhibitor was 
increased with an increase in the concentration. These behav-
iours could be attributed due to strong interaction of com-
pound with the metal surface that results in the adsorption of 
inhibitor molecules. The lone pair of electrons on the nitro-
gen will coordinate with the metal atoms of active sites. The 
presence of higher electron density on amine group and 
acidic group of L-dopa, which causes stronger interaction 
with the metal surface. The nitrogen atom can donate  elec-
trons to the metal surface to increase adsorption and hence 
higher inhibition of the corrosion. It has been observed that 
the % IE of the inhibitor at a given concentration is same in 
both the corrosive media, indicating that the inhibitor will 
perform in same way in both the corrosive media. 

Table 1. Variation of %IE with Inhibitor Concentration 

(Immersion Period = 2Hrs) 

 

Corrosive Media Inhibitor  

Concentration  

(M) HCl Solution (% IE) H2SO4 Solution (% IE) 

Blank ----- ----- 

0.005 38.52 48.12 

0.010 61.12 60.15 

0.015 68.42 71.12 

 

3.2. Polarization Study 

 The cathodic and anodic polarization studies of steel 
specimens were carried out in both sulphuric acid and hy-
drochloric acid solution, respectively, in the presence of 
various concentrations of L-dopa (Figs. 2, 3). In the presence 
of the inhibitor, both anodic and cathodic curves are shifted 
and the shift depends on the concentration of the inhibitor. 
The polarization curves for the steel specimen in the absence 
of inhibitor show that the current density in the anodic region 
increases rapidly indicating extensive dissolution of metal. 
The electrochemical parameters such as corrosion potential 
(Ecorr), corrosion current density (Icorr), anodic and cathodic 
tafel slopes are obtained from the extrapolation of tafel lines 
and are presented in the Tables 2 and 3. As the concentration 
of L-dopa in the corrosive solution increases, there is a mar-
ginal shift in the corrosion potential and decrease in the cor-
rosion current density. The result shows that the least corro-
sion current was obtained at 0.015M concentration of the 
inhibitor in the corrosive medium. Further increase in the 
concentration of inhibitor, no appreciable change in the cor-
rosion current density was observed. So the concentration of 
inhibitor in the corrosive medium was fixed at 0.015M as an 
optimum. The L-dopa present in the corrosive solution hin-
ders the attack of the corrodant on the steel surface, thereby 
reduces the Icorr. 

 

Fig. (2). Cathodic and anodic polarization curves of steel in sul-

phuric acid medium. 

3.3. Adsorption Isotherm 

 In order to get a better understanding of the electro-
chemical process on the metal surface, adsorption character-
istics were also studied for both corrosive media. This proc-
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ess is closely related to the adsorption of the inhibitor mole-
cules and adsorption is known to depend on the chemical 
structure. Adsorption isotherms are very important in deter-
mining the mechanism of organic electrochemical reactions. 

 

Fig. (3). Cathodic and anodic polarization curves of steel in hydro-

chloric acid medium. 

Table 2. Electrochemical Parameter and Inhibition Effi-

ciency for Corrosion of Steel in Hydrochloric Acid 

Solution 

 

Inhibitor 
Concentration 

-Ecorr 
(mV) 

Icorr 
(mAcm

-2
) 

ba 
mVcm

-1 
bc 

mVcm
-1 

 (IE %) 

Blank 0.46 22.10 0.401 0.888   

0.005 0.44 12.12 0.733 0.222 0.452 45.2 

0.010 0.41 8.14 0.801 0.320 0.631 63.1 

0.015 0.51 6.50 0.266 0.480 0.705 70.5 

 

Table 3. Electrochemical Parameter and Inhibition Effi-

ciency for Corrosion of steel in Sulphuric Acid Solu-

tion 

 

Inhibitor 
Concentration 

-Ecorr 
(mV) 

Icorr 
(mAcm

-2
) 

ba 
mVcm

-1 
bc 

mVcm
-1 

 (IE %) 

Blank 0.59 26.80 0.401 0.888   

0.005 0.70 10.50 0.733 0.222 0.608 60.8 

0.010 0.69 8.14 0.801 0.320 0.696 69.6 

0.015 0.72 6.50 0.266 0.480 0.757 75.7 

 

 To the adsorption behaviour of an inhibitor, Langmuir 
adsorption isotherm was constructed. Plots of log / (1- ) 
versus log C were found to be linear (Fig. 4). Therefore 
Langmuir adsorption isotherm equation was followed sug-
gesting that the compound L-dopa adsorbed on the metal 
surface forming a barrier, which prevented the contact of the 
metal with electrolyte. 

 

Fig. (4). Langmuir adsorption isotherm of mild steel in Hydrochlo-

ric acid and sulphuric acid solution. 

 

Fig. (5). SEM photographs. (A) Anodic polarized untreated steel. 

(B) Polarized steel with L-Dopa in HCl. (C) Polarized steel with L-

DOPA IN H2SO4. 
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3.4. Scanning Electron Microscopic Studies (SEM) 

 The SEM images of the metal surfaces of steel samples 
in the absence and presence of L-dopa were taken after ano-
dic polarization and are shown in Fig. (5). From the photo-
graphs taken for steel specimen in the absence of inhibitor, it 
can be seen that a number of spots showing the attack of an 
aggressive medium (Fig. 5A). The SEM image of mild steel 
in the presence of inhibitor is shown in Fig. (5B, C) and the 
surface shows only a few pits covered with corrosion prod-
ucts. This indicates the formation of a film of L-dopa on the 
metal surface which hinders the dissolution of metal during 
anodic polarization. 

4. CONCLUSIONS 

 Corrosion of mild steel in both HCl and H2SO4 is greatly 
minimized by the addition of L-Dopa. Inhibition efficiency 
increases with an increase in the concentration of L-Dopa in 
the corrosive media. The maximum inhibition efficiency in 
HCl and H2SO4 are 70.5 and 75, respectively. Inhibition of 
the corrosion is by the formation of organic layer on the 
metal surface and the adsorption follows Langmuir adsorp-
tion isotherm. The SEM photographs showed the formation 
of non porous film on the metal surface. The inhibitor devel-
oped is non toxic and could be used as corrosion inhibitor for 
mild steel in industries. 
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