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ABSTRACT

The inhibition effect of N-Benzylimidazole against mild steel corrosion in 1 N HCl solutions was evaluated
using conventional weight loss, potentiodynamic polarization, linear polarization and electrochemical impedance
spectroscopy. The weight loss results showed that N-Benzylimidazole is an excellent corrosion inhibitor,
electrochemical polarizations data revealed the mixed mode of inhibition and the results of electrochemical
impedance spectroscopy have shown that the change in the impedance parameters, charge transfer resistance
and double layer capacitance, with the change in concentration of the inhibitor is due to the adsorption of the
molecule leading to the formation of a protective layer on the surface of mild steel. The inhibition action of
this compound was, assumed to occur via adsorption on the steel surface through the active centres contained
of the molecule.
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Introduction

The corrosion of iron and mild steel (MS) is a fundamental academic and industrial concern that has
received a considerable amount of attention (Uhlig & Revie, 1985). A study of the mechanism of the action
of corrosion inhibitors has relevance both from the point of view of the search for new inhibitors and also for
their effective use (Trabanelli, 1991). Huge amount of acid solutions are used in the chemical industry for
removal of the undesired scales and rust. The addition of corrosion inhibitors effectively secures the metal
against an acid attack. Inhibitors are generally used in these processes to control metal dissolution (Schmitt,
1984) and, during past decade many organic inhibitor have been studied in different media (Tebbji et al., 2007;
Bentiss et al., 2006; Prabhu et al., 2007; Avci, 2008). The mechanism of their action can be different,
depending on the metal, the medium and the structure of the inhibitor. One possible mechanism is the
adsorption of the inhibitor, which blocks the metal surface and thus do not permit the corrosion process to take
place. Many N-heterocyclic compounds with polar groups and/or π-electrons are efficient inhibitors of the
corrosion of steel and iron in acidic media (Trabanelli, 1987; Muralidharan et al., 2000; Bentiss et al., 2000;
Yan et al., 2008).This kind of organic molecules can adsorb on the metal surface because it can form a bond
between the N electron pair and/or the π-electron cloud and the metal thereby reducing the corrosive attack
on metals in acidic media (Trabanelli, 1987).

The present work reports the use of N-Benzylimidazole as corrosion inhibitor in 1 N HCl medium. The
electrochemical behavior of MS in HCl media in the absence and presence of an inhibitor has been studied
by weight loss method, potentiodynamic polarization, linear polarization and electrochemical impedance
spectroscopy (EIS).
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Materials and Methods

Inhibitor Preparation 

The Imidazole derivative was synthesized according to previously reported an experimental procedure
(Hayat et al., 2001). The molecular formula of N-Benzylimidazole is shown in Fig. 1.The choice of the
compound is based on molecular structure considerations; the presence of nitrogen atoms and aromatic rings
is likely to facilitate the adsorption of the compound on the metal surface.

Fig. 1: Molecular structure N-Benzylimidazole

Preparation of Specimens

Cylindrical working electrodes of MS containing 0.09% P, 0.37% Si, 0.01% Al, 0.05% Mn, 0.19% C,
0.06% S and the remainder Fe, were used for the electrochemical polarizations and impedance measurements.
The surface preparation of the mechanically polished specimens were carried out using different grades of
emery papers, degreased with acetone dried at room temperature and then stored in a desiccator before use.

Weight loss method

The polished and pre-weighed MS specimens were suspended in 100 ml test solutions, with and without
the inhibitor of different concentrations, for a fix period of time and were washed, dried and weighed. From
the weight loss data, percent inhibition efficiency was calculated.

Electrochemical and Impedance Measurements

A three-electrode cell of Borosil glass, consisting of a working electrode (WE) of MS, a pure platinum
counter electrode (CE), and Saturated calomel electrode (SCE) as a reference electrode, was used for the
measurements. The electrolytes used were acidic solutions maintained at 30oC. The AC impedance
measurements are shown as Nyquist plots and polarization data as Tafel plots. CH Electrochemical analyzer
model 608 C (USA) was used for this purpose. Polarization resistance measurements were carried out with
a scan rate of 0.01 V/s at !10mV to +10mV vs. corrosion potential (Ecorr) of the working electrode measured
against SCE. Polarization curves obtained again with the scan rate of 0.01 V/s in the range of !250mV to
+250mV vs. Ecorr. Impedance measurements were carried out at the Ecorr; 60 min after the electrode had been
immersed in the test solution. The frequency range studied was 0.1Hz to 1000Hz. The a.c. signal was 5 mV
peak-to-peak with 12 data points per decade. 

Results and Discussion

Based on the weight loss measurements, the corrosion rates (Wcorr) and the values of inhibition efficiency
(Ew%) for various concentrations of N-Benzylimidazole  after 2 h of immersion obtained are given in Table -
1. The values of Ew% were calculated by the following equation.
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Where Wcorr and W0 are the corrosion rates of MS with and without the additive respectively.
From the table, it is clear that the value of Ew% increases with the increase in the concentration reaching

a maximum value of 89% at the highest concentration of 500 ppm, suggesting that the number of molecules
adsorbed were increased over the MS surface, blocking the active sites of acid attack and thereby protecting
the metal from corrosion.

The potentiodynamic polarization data are shown as the Tafel plots for MS in 1 N HCl with the addition
of various concentrations of the additive in Fig.2. The corrosion kinetic parameters such as corrosion potential
(Ecorr), corrosion current density (Icorr), anodic and cathodic Tafel slopes (ba and bc) were derived from these
curves and are given in Table-2. The values of inhibition efficiency (EI %) are calculated using the following
equation.
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Where Icorr and Icorr(inh) are the values of corrosion current densities of MS without and with the additive,
respectively, which were determined by extrapolation of the cathodic and anodic Tafel lines to the corrosion
potential Ecorr.

Fig. 2: Tafel plots showing effect of N-Benzylimidazole on corrosion of MS in HCl medium

The inhibiting properties of the tested N-Benzylimidazole have also been evaluated by the determination
of the polarisation resistance. The corresponding polarisation resistance (Rp) values of MS in 1 N HCl in the
absence of different concentrations of the additive are given in Table-2. The inhibition efficiency (ERp%) was
defined as follows:
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Rp and Rp(inh) are the polarisation resistance in the absence and in the presence of the inhibitor,
respectively.

Table 1: Inhibition Efficiency of MS in 1 N HCl in the presence and absence of different concentrations of N-Benzylimidazole (Weight
loss method)

Concentration of inhibitor(ppm) W(mg) Inhibition EfficiencyEW%
0 13.06 -
100 2.52 81
200 2.07 84
300 1.82 86
400 1.60 88
500 1.49 89

Table 2: Effect of N-Benzylimidazole on MS in 1N HCl media (Electrochemical polarizations studies)
Concentration of EcorrV Tafel Constant Icorr(mA/cm2) Rp(ohm cm2) EI % ERp%
 inhibitor (ppm) (mV/decade)

-----------------------
 ba bc

0 -0.4909 129 144 3.004 10 - -
100 -0.4900 105 119 1.100 22 63 55
200 -0.4891 96 120 0.349 67 88 85
300 -0.4883 96 119 0.181 123 94 92
400 -0.4847 96 119 0.112 207 96 95
500 -0.4838 97 120 0.096 244 97 96

From the Table-2, it is observed that the Icorr values gradually decreased with increase in the concentration
of inhibitor, with respect to the blank. Further, there was an anodic shift of the Ecorr value with the increase
in the concentration of the inhibitor indicating that N-Benzylimidazole  acted as an anodic inhibitor (Riggs,
1973) for MS in 1 N HCl which was supported by the gradual and significant decrease of anodic Tafel slope.
It could be derived from this decrease that the rate of anodic dissolution was much retarded in comparison to
that of cathodic hydrogen evolution. And there was some decrease in the corresponding values of cathodic
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Tafel slopes too. This means that N-Benzylimidazole must have acted predominantly by blocking anodic sites
and also cathodic sites to some extent, so it behaved as mixed-type of the acid corrosion inhibitors.

The Rp values of MS in 1 N HCl in the absence and presence of different concentrations of the tested
inhibitor are also given in Table-2. From the results, Rp values gradually increased with increase in the
concentration of inhibitor and ERp% increases to attain 96% at 500ppm. The values of inhibition efficiency of
N-Benzylimidazole obtained by electrochemical methods are in good agreement.

The corrosion behavior of MS in 1N HCl, in absence and the presence of various concentrations of N-
Benzylimidazole were also investigated by EIS technique. The resultant Nyquist plots are shown in Fig.3. The
values of inhibition efficiency (ER %) were calculated by the equation as follows.
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Where Rt and Rt(inh) are the charge-transfer resistance values in absence and the presence of the inhibitor,
respectively.

To obtain the values of double layer capacitance (Cdl), the values of frequency at which the imaginary
component of the impedance is maximum –Zim(max) was found  and used in the following equation with
corresponding Rt values:
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Fig.3. Nyquist plots showing effect of N-Benzylimidazole on corrosion of MS in HCl medium

The existence of a single semicircle in Nyquist plot shows that there was only single charge transfer
process during the anodic dissolution of MS and remained unaffected in the presence of N-Benzylimidazole
added in the acid. An isolated Nyquist plot for the blank system is shown in the window in Fig.3 and the
value of real impedance (Z’) was only 11 Ohms which indicated that there was least charge transfer resistance
(Rt) of the corrosion reactions. There was gradual increase in the diameter of each semicircle of the Nyquist
plot when the concentration was raised from 100 to 500 ppm. This increase of the diameters clearly reflected
that the Rt values also increased from 11 to 341 Ohms at highest concentration of 500 ppm due to formation
and gradual improvement of the barrier layer of the inhibitive molecules, and as a result the acid corrosion
rate of MS gradually decreased.

Table 3: Data from electrochemical impedance measurements of mild steel in 1 N HCl for various concentrations of N-Benzylimidazole
Concentration of inhibitor (ppm) RtOhm.cm2 Cdl µF/cm2 Inhibition EfficiencyER %
0 11 148.31 -
100 59 85.67 81
200 116 65.53 91
300 204 64.66 95
400 302 44.27 96
500 341 39.09 97

Table-3 embodies various parameters such as Rt and Cdl. There was a gradual decrease in values of Cdl

with increase in the concentration of N-Benzylimidazole. The double layer between the charged metal surface
and the solution is considered as an electrical capacitor (Bentiss et al., 1999). The adsorption of the N-
Benzylimidazole molecules on the electrode surface decreases its electrical capacity because they displace the
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water molecules and other ions originally adsorbed on the surface. The decrease of this capacity with
increasing N-Benzylimidazole concentrations may be associated with the formation of a protective layer at
electrode surface. Inhibition efficiency is found to increase with N-Benzylimidazole concentration. And the
results obtained from EIS show the similar trend as those obtained from electrochemical polarisations and
weight loss measurements.

Conclusions

The protection efficiency of this inhibitor increases with the increase of the inhibitor concentration.
Polarization curves showed that N-Benzylimidazole is a mixed type inhibitor.

The results of the weight loss, electrochemical polarizations and EIS were all in very good agreement to
support the above conclusions.

Therefore it can be concluded that N-Benzylimidazole is a good corrosion inhibitor for mild steel in 1 N
HCl.
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