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Abstract 

This study compares the electrochemical corrosion inhibition properties of various 

concentrations of MBZ (0–2.5 g/L) for mild steel in 0.5, 1.0 and 1.5 M sulphuric acid using 

potentiodynamic polarization (PDP) technique. Mebendazole was found to effectively impede 

the surface degradation of mild steel in the various concentrations of H2SO4 studied with 

maximum inhibition efficiencies of 97, 98 and 99% respectively. Inhibition efficiencies 

increased to these maximum values at 1.0, 1.5 and 1.0 g/L inhibitor concentrations respectively, 

before decreasing with subsequent increase in the concentrations of MBZ. Potentiodynamic 

polarization results suggest the mixed type inhibitor nature of MBZ in sulphuric acid. Corrosion 

current was observed to increase with acid concentration and significantly decreases with the 

addition of the inhibitor. Polarization resistance decreased as acid concentrations increased and 

was higher for higher inhibitor concentrations. From the results, corrosion current and corrosion 

rate were very high for the corrosion media without MBZ addition, while the polarization 

resistance was very minimal for the corrosion media without MBZ addition. There is a 

significant change to relatively smooth morphology, in the SEM micrographs of the mild steel 

immersed in the test solution with the MBZ, as a result of the interaction of MBZ with the active 

sites on the surface of the metal, which resulted in an enhanced surface coverage of MBZ 

molecules on the mild steel.  
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1. Introduction 

The corrosion of mild steel occurs owing to electrochemical reactions with its environment 

[1, 2]. To mitigate these reactions and prolong the life span of mild steel in various service 

environments, corrosion inhibitors are needed amongst other intervention techniques. 

Corrosion inhibitors are chemical substances that when introduced in measured quantities to 

corrosion systems, retard electrochemical reactions or corrosion rates of metals in that 
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environment, thus, inhibitors are corrosion retarding substances [1, 3–5]. The inhibition 

efficiency of most chemical substances depends largely on the manner of interaction with 

the surface of the substrate and their molecular structure [6, 7]. Inhibitors often work by 

adsorption on the metallic surface [8, 9], thereby conferring protection on the surface of the 

metal by forming a surface covering film. Suitable means of applying inhibitors are by 

spreading from a solution or by dispersion. Others are introduced during the formulation of 

a protective coating. Only a small number of chemical substances investigated for corrosion 

inhibition properties are employed in real life corrosion inhibition applications. This is in 

part because the desirable properties for an inhibitor transcend those simply related to 

protection of metal in service environments. Recent global ecological campaign and strict 

enforcement of environmental regulations and sanctions make consideration of cost, 

availability, toxicity and environmental benignity of great significance [10–15]. Therefore, 

much attention is now focused on organic inhibitors, which are biodegradable and without 

any or low toxic effects in the intended service environment. Various drugs have been 

investigated as novel, biodegradable and synthetic inhibitors with promising results [9, 16]. 

Pertinent research publications reviewed in the course of this investigation disclosed the 

successful application of the derivatives of benzimidazole as efficient nitrogenous 

heterocyclic corrosion inhibitor for steel in acidic service and various other environments 

[5, 17–24]. Mebendazole is methyl-5-benzoyl-2-benzimidazole carbamate, a non-toxic and 

biodegradable synthetic benzimidazole derivative used in therapeutic treatments as 

anthelmintic drug. Its molecular formula and molecular weight are C16H13N3O3 and 

295.29752 g/mol [25] respectively. It has a planar structure with two anchoring sites at sp2 

hybridized nitrogen, a lone pair of electrons and aromatic rings [22, 23]. Its molecular 

structure is given in Figure 1. This article attempts a comparative analysis of the corrosion 

inhibitive influence of various concentrations of mebendazole on mild steel in 0.5, 1.0 and 

1.5 M sulphuric acid solutions using potentiodynamic polarization (PDP) technique.  

 
Figure 1. 3D Optimized molecular structure of methyl-5-benzoyl-2-benzimidazole carbamate 

(mebendazole) [25].  
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2. Research methodology  

Electrochemical experiments were performed at ambient temperature in 0.5, 1.0 and 1.5 M 

concentration of H2SO4, prepared with double distilled deionized water in the absence or 

presence of pre-determined quantity of mebendazole (MBZ) inhibitor (0, 0.5, 1.0, 1.5, 2.0 

and 2.5 g/L). An Autolab potentiostat/galvanostat, VersaSTAT 4 Electrochemical System, 

controlled from a suitably equipped PC by a Universal Serial Bus (USB) interface using the 

VersaStudio electrochemistry software package was used to perform the electrochemical 

experiments. The electrochemical test parameters and procedure has been described in 

details elsewhere [2]. The values of the electrochemical parameters and properties obtained 

from the electrochemical test are presented in Table 1. The electrochemical effects of the 

inhibitor on the mild steel coupons was further studied by examining the surface morphology 

before and after the introduction of MBZ in the acid media using scanning electron 

microscopy technique. A Phenom Pro X Model SEM equipment was employed for this 

purpose. The inhibition efficiency, η was determined using the mathematical relation given 

in Equation 1, while the polarization resistance (RP) was calculated using the simplified 

Stern-Geary equation (Equation 2).  
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where, 
icorri  and 

ccorri  represent the corrosion current densities of the working electrodes in 

the absence and the presence of specified amount of the inhibitor respectively. B is a constant 

of proportionality determined empirically from the anodic and cathodic slopes of the Tafel 

plot.  

3. Results and Discussion  

3.1. Potentiodynamic polarization (PDP) measurements  

It could be observed from the polarization results in Table 1 that the addition of MBZ 

inhibitor to the H2SO4 solution has a moderately pronounced effect on both the anodic and 

cathodic half reactions. The potentiodynamic parameters presented in Table 1 were obtained 

by the extrapolation of the Tafel plots. The polarization tests show that MBZ displaced the 

Ecorr significantly, thus remarkedly altering the corrosion electrochemical reactions. 

Furthermore, changes in the cathodic and anodic Tafel constants in the presence of 

mebendazole in contrast with the blank corrodent solution indicate the inhibition of the 

cathodic and the anodic reactions associated with the corrosion process by the surface 

shielding effect of the protective film formed by the inhibitor [4]. The protective role of the 

inhibitor may be related to the adsorption of its molecules and formation of a surface film 
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on the mild steel electrode [4]. This is further indicated by the values of the Ecorr, icorr and 

polarization resistance (RP) obtained for the tests with the inhibitor when compared with the 

values for the tests carried out without the addition of the inhibitor. The icorr for the 

uninhibited test solution increases as the acid concentration increased from 0.5 to 1.5 M. The 

polarization results indicate similar effects on both anodic and cathodic Tafel constants for 

all the inhibitor and acid concentrations examined. This signifies that MBZ performed as a 

mixed type inhibitor [4]. The control experiment that had no added inhibitor displayed the 

highest corrosion rate in comparison with those which contained various inhibitor 

concentrations as portrayed by increases in the polarization resistance values. It could be 

deduced from the polarization results that the MBZ behaved as mixed type inhibitor, since 

the displacement of Ecorr obtained with reference to the test without the inhibitor (Table 1) is 

less than 85 mV for all the sulphuric acid and inhibitor concentrations investigated 

[23, 26, 27].  

 

Figure 2. Plot of inhibition efficiency (%) of MBZ against acid concentration (M). 

 

Figure 3. Plot of inhibition efficiency (%) of MBZ against the inhibitor concentration (g/L). 
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Figure 4. Plot of polarization resistance (Ω·cm2) against acid concentration (M). 

 

Figure 5. Plot of polarization resistance (Ω·cm2) against inhibitor concentration (g/L). 

The maximum values of corrosion inhibition efficiencies obtained from the anodic and 

cathodic polarization study increased as the concentration of the corroding environment 

increased from 0.5–1.5 M. The MBZ inhibitor remarkedly slowed the electrochemical 

reactions involved in the dissolution of mild steel in the various acidic environments with 

maximum inhibition efficiencies of 97% at 1.0 g/L MBZ, 98% at 1.5 g/L MBZ and 99% at 

1.0 g/L MBZ for the 0.5, 1.0 and 1.5 M H2SO4 respectively. As the amount of inhibitor 

increased, the developing protective film covered more active sites on the surface of the mild 

steel and resulted in the reduction of surface area exposed to corrosive environment and thus, 

the corrosion rates. The relationships among the inhibition efficiency and the acid 

concentration, inhibition efficiency and inhibitor concentration, the polarization resistance 

and the acid concentration, as well as the polarization resistance and the inhibitor 
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concentration are graphically presented in Figures 2, 3, 4 and 5 respectively. Generally from 

the graphs, polarization resistance decreases with acid concentration and increases with 

concentration of inhibitor. In addition, it could be seen in Table 1, that corrosion current 

increases with acid concentration and significantly decreases with the addition of the 

inhibitor.  

Table 1. Potentiodynamic polarization parameters, corrosion rates and inhibition efficiencies for mild steel 

in 0.5, 1.0 and 1.5 M H2SO4 without and with varying concentrations of MBZ.  

Concentration 

of acid  

(M) 

Concentration 

of inhibitor 

(g/L) 

Icorr 

(mA/cm2) 

Ecorr 

(mV) 

Rate of 

corrosion 

(mm/year) 

Inhibitor 

efficiency 

(%) 

Polarization 

resistance 

(Ω·cm2) 

0.5 M 

0.0 3.352 –471 24.8 – 0.00985 

0.5 0.179 –442 1.3 95 0.128 

1.0 0.104 –438 0.8 97 0.181 

1.5 0.156 –452 1.2 95 0.135 

2.0 0.136 –438 1.0 96 0.154 

2.5 0.138 –464 1.0 96 0.165 

1.0 M 

0.0 6.422 –453 47.5 – 0.00837 

0.5 0.184 –416 1.4 97 0.109 

1.0 0.172 –416 1.3 97 0.147 

1.5 0.138 –415 1.0 98 0.154 

2.0 0.127 –417 0.9 98 0.151 

2.5 0.243 –427 1.8 96 0.191 

1.5 M 

0.0 6.577 –430 48.6 – 0.00438 

0.5 0.286 –410 2.1 96 0.079 

1.0 0.062 –408 0.5 99 0.263 

1.5 0.182 –442 1.3 97 0.136 

2.0 0.119 –451 0.9 98 0.215 

2.5 0.158 –414 1.2 98 0.141 

3.2. Mild steel surface characterization  

From the scanning electron microscopy (SEM) image of mild steel subjected to acid 

environment without added inhibitor for 5 days displayed in Figure 6(a), a number of wide 

and deep pits can be observed on the surface. However, in the presence of MBZ inhibitor 

(Figure 6b), there is a significant change to relatively smooth morphology, as a result of the 
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interaction of MBZ with the active sites on the surface of the metal. This resulted in an 

enhanced surface coverage of MBZ molecules on the mild steel, so that there is a decrease 

in the contact between the metal surface and the aggressive environment. The varying 

degrees of changes in the surface smoothness in the micrographs of Figure 6b(a–c) are 

indicative of increased levels of inhibition efficiencies obtained in the three different 

sulphuric acid concentrations investigated.  

 
Figure 6a. SEM micrographs of mild steel coupon after 5 days immersion in 1.0 M H2SO4 

without MBZ inhibitor.  

 
Figure 6b. SEM micrographs of mild steel coupons after immersion in (a) 0.5 M, (b) 1.0 M, 

and (c) 1.5 M H2SO4 solutions containing 1.5 g, 1.5 g and 2 g of MBZ inhibitor respectively.  
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4. Conclusions  

Based on the results of this comparative electrochemical study, the researchers conclude as 

follows:  

1. Potentiodynamic polarization results indicate that MBZ inhibited both cathodic and 

anodic reactions and acted as mixed-type inhibitor.  

2. The inhibition efficiency of MBZ was dependent on the concentration of the inhibitor and 

the acid concentration with maximum inhibition efficiencies at higher concentrations of 

the inhibitor and the acid.  

3. The results of SEM surface morphology, before and after the introduction of corrosion 

inhibitor show the extent of surface coverage of MBZ.  
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