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The corrosion inhibition performance of flubendazole toward the corrosion of carbon steel (CS) in 0.5 

M H2SO4 was studied. Flubendazole adsorb on CS surface mainly through benzene ring, hydroxyl group 

and aromatic ring attached to benzene ring, the adsorption of flubendazole on CS surface follows 

Langmuir isotherm. Electrochemical results show the corrosion inhibition efficiency values of 

flubendazole increases with the increasing of the inhibitor concentration, and the maximum inhibition 

efficiency value is 93%. 
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1. INTRODUCTION 

 

The corrosion reaction process of metals in nature is constantly occurring. Every year, the 

economic loss caused by corrosion is huge all over the world [1-4]. In addition, corrosion also brings a 

lot of inconvenience to people's life. Many organic compounds have good adsorption performance 

through their own structure containing functional groups, unsaturated bond structure and aromatic rings 

[5-10]. This spontaneous adsorption behavior can create a protective film on the metal surface, drag the 

migration path of corrosive particles, and slow down the corrosion reaction process of the metals [2, 11-

14]. 

The electronegativity of heteroatoms (nitrogen, oxygen, sulfur, phosphorus) are strong, that is, 

the ability of these atoms in attracting electrons in compounds is relatively excellent. The metal surface 

can be protected well due to the adsorption bonding and feedback bonding process between these 

heteroatoms and metal surface [15-21]. Several unsaturated bonds such as double bond structure, π-bond 

http://www.electrochemsci.org/
mailto:xiaoww.xbsj@sinopec.com


Int. J. Electrochem. Sci., 17 (2022) Article Number: 220427 

  

2 

structure, unsaturated functional groups and etc., are potential inhibitors which can adsorb on metal 

surface mainly through absorb electrons from metal [22, 23]. 

Flubendazole (FBD) molecule has several unsaturated functional groups, atomic rings and 

heteroatoms in its structure, the molecular structure has potential adsorption ability and can be used as 

corrosion inhibitor for metals. Therefore, FBD was used as the corrosion inhibitor for carbon steel in 0.5 

M H2SO4, the corrosion protection performance was studied. 

 

 

 

2. EXPERIMENTAL 

2.1 Materials preparation 

Carbon steel (CS), mass fraction of element is C, 0.200%; Si, 0.350%，Mn, 1.400%; P，

0.020%; S, 0.015% was used as the working electrode during the electrochemical test process, the 

working electrode was encapsulated in epoxy resin and have an exposed area of 1 cm2. Before we run 

the lab tests, the working electrode surface is deoiled by anhydrous ethanol and polished by 

metallographic sandpaper to obtain a bright metal surface, then the surface was cleaned with deionized 

water, anhydrous ethanol and blow dry with a hair dryer. The flubendazole (CAS No. 15217-53-5, FBD, 

shown in Fig. 1) was bought from Shanghai Yuanye Biotechnology Co., LTD, the purity of the FBD is 

99.5% and was used as received. 

 

 
 

Figure 1. Chemical structure of FBD 

 

2.2 Electrochemical tests and Surface morphology observation 

Electrochemical tests were performed in a three-port flask. During the test, CS steel was used as 

the working electrode, the reference electrode was saturated calomel electrode while Platinum plate 

serve as auxiliary electrode (the purity of the platinum sheet is 99.99% and the area of the electrode is 3 

cm2). The total duration of the open circuit potential test is 30 minutes, so that the electrochemical test 

system is in equilibrium. Ac electrochemical impedance tests were performed at open circuit potential, 

the sine wave was 5 mV. The potentiodynamic polarization curve was recorded at the potential range 

from -0.75 mV Vs. SCE to -0.25 mV Vs. SCE and the scan rate was 1 mV s-1. The morphology of the 

corroded surfaces was observed using Zeiss scanning electron microscope (ZEISS Scanning Mirror Co.). 
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2.3 Calculation details 

The flubendazole molecule was created using Materials Studio software. The structure was 

optimized using Dmol3 module. The relative parameters were as follows, the accuracy of simulation 

calculation is fine, and GGA/PBE functional was used, under the basis set DND and the basis file is 3.5, 

the structure of the molecule was optimized and its related properties were calculated, including the 

lowest unoccupied molecular orbital (LUMO), highest occupied molecular orbital (HOMO) and the 

dipole moment of the flubendazole was calculated. 

 

 

3. RESULTS 

3.1 Open circuit potential and polarization curves 

 
 

Figure 2. Open circuit potential of CS in 0.5 M H2SO4 without inhibitor and with different 

concentrations of flubendazole 

 

Corrosion potential and corrosive current density can be used to describe the corrosion tendency 

of metal materials in a specific corrosive environment and the intensity of the actual corrosion reaction 

process. In order to give a better understanding of this, the open circuit potential and potentiodynamic 

polarization curves of CS in 0.5 M H2SO4 without inhibitor and with different concentrations of 

flubendazole were displayed. As shown in Figure 2, the potential increase first and then tend to be gentle, 

the steady state of each sample last until the end of the test. Curves for steel under 50mg /L FBD and 

100mg /L FBD showed almost no significant difference in open circuit potential, while the corrosion 

potential of the CS under the 100mg /L FBD addition environment moved to the more positive position.     

As shown in Figure 3, with the increasing of corrosion inhibitor concentration, the anodic and 

cathodic polarization curves move downward. In comparison to the anodic curve of the sample in the 
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uninhibited, transition platform area appears in the anodic curve of the samples in the inhibited 0.5 M 

H2SO4 solution containing flubendazole，the phenomenon dues to the adsorption of inhibitor molecules 

on the metal surface. 

 

 

 
 

Figure 3. Potentiodynamic polarization curves of CS in 0.5 M H2SO4 without inhibitor and with different 

concentrations of flubendazole 

 

 

The fitted parameters for potentiodynamic polarization curves under various conditions were 

displayed in Table 1, the corrosion potential (Ecorr) value for steel in the uninhibited solution is −471.6 

mV Vs. SCE, all corrosion potential of these samples moves to the more positive position with the 

increasing of the inhibitor concentration, and the different between these corrosion potential is less than 

85 mV, flubendazole worked as mixed type of inhibitor for CS in 0.5 M H2SO4 with mainly control of 

the anodic process [24-26].  

Corrosion inhibition efficiency (η) is an important aspect to evaluate the corrosion protection 

ability of the inhibitor. The η values of samples in conditions with various concentrations of inhibitors 

were calculated according to the formula as follow: 

η% =
i0 −i

i0 × 100%     (1) 

where i0  is the corrosion current density of CS steel in the corrosion condition without inhibitor, 

i is the corrosion current density of CS steel in the corrosion condition with inhibitor. 

The calculated η values increases with the increasing of the flubendazole concentration, while 

the corrosion current density values decrease. Flubendazole shows good inhibition performance toward 

the corrosion of CS steel in 0.5 M H2SO4. 
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Table 1. Potentiodynamic polarization curve parameters for CS in 0.5 M H2SO4 without inhibitor and 

with different concentrations of flubendazole 

 

C (mg/L) Ecorr (mV/SCE) icorr (μA cm−2) βa (mV dec−1) βc (mV dec−1) η (%) 

0 −472 491.2 56 −99 - 

50 −484 124.1 40 −81 74.74 

100 −475 63.1 35 −58 87.15 

200 −504 45.5 70 −66 90.73 

300 −505 34.4 48 −68 93.00 

 

3.2 EIS analysis 

 
Figure 4. Nyquist plots of CS in 0.5 M H2SO4 without inhibitor and with different concentrations of 

flubendazole 

 

 

 

Figure 5. Bode plots of CS in 0.5 M H2SO4 without inhibitor and with different concentrations of 

flubendazole 
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Table 2. Nyquist curve parameters for CS in 0.5 M H2SO4 without inhibitor and with different 

concentrations of flubendazole 

 

C 

(mg/L) 

Rs 

(Ω cm2) 

Rct 

(Ω cm2) 

CPE 

(10-4Ω−1sncm−2) 

n η 

(%) 

0 1.9 12.25 3.04 0.85  

50 1.9 48.45 1.20 0.87 74.71 

100 1.9 74.29 1.54 0.84 83.51 

200 1.9 111.2 1.05 0.85 88.98 

300 2.2 134.1 1.37 0.82 90.86 

 

The Nyquist plots of CS in 0.5 M H2SO4 without inhibitor and with different concentrations of 

flubendazole were shown in Fig. 4, diameter of the circuit can be used to describe the corrosion tendency 

of the steel. The diameter of the steel in the flubendazole containing condition is larger than that of the 

sample in the uninhibited condition, while the diameter of the Nyquist plots increases with the increasing 

of the inhibitor concentration. All Nyquist plots exhibit ingle capacitive arc resistance characteristic, 

accordingly, all Nyquist plots were fitted using R(QR) model [22, 27, 28]. Relative parameters obtained 

from the fitting of the Nyquist curve were listed in Table 2, charge transfer resistance (Rct) of the CS 

steel increasing with the increasing of the flubendazole concentration, the corrosion inhibition efficiency 

values were calculated according to the formula as follow: 

η% =
R0 −R

R0 × 100%     (2) 

where the R is the charge-transfer resistance of CS steel in the uninhibited condition, R0  is the 

charge-transfer resistance of CS steel in the inhibited condition. The Rct values and the η values increase 

with the increasing of the flubendazole concentration, which shows the same tendency with the corrosion 

inhibition efficiency values obtained according to the corrosion current density values. 

 

3.3 Adsorption analysis 

 
 

Figure 6. Langmuir adsorption isotherm for flubendazole at room temperature 
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Adsorption isotherm is a mathematical formula expressing the relationship between adsorption 

capacity and solution concentration under the condition of fixed temperature. As shown in Fig. 6, the 

relationship between C and C/θ conforms to Langmuir adsorption isothermal adsorption law, indicating 

single layer of flubendazole formed on CS surface, and the inhibitor adsorb on CS surface uniformly. 

The equilibrium constant is 71.23 and the Gibbs free energy is −27.68 kJ mol−1, indicating the adsorption 

of the corrosion inhibitor molecules on CS surface is a spontaneous process [29-31]. 

 

3.4 Surface Morphology analysis 

 
 

Figure 7. SEM images of CS after immersion in 0.5 M H2SO4 （a）without inhibitor and (b) with 

300mg/L of flubendazole 

 

 

  In order to give further evidence to the corrosion protection performance of flubendazole, 

surface morphologies of the CS in 0.5 M H2SO4 without inhibitor and with 300 mg/L of flubendazole 

were recorded and displayed in Figure 7. As Fig. 7a shows, in comparison with the image as shown in 

Fig. 7b, without addition of the corrosion inhibitor, the roughness of metal surface is larger, and more 

corrosion pits appear on the surface of the sample after corrosion. After soaking of the sample in the 

solution with the corrosion inhibitor, the surface of the metal sample is relatively smooth and the overall 

structure is more uniform, the metal was protected well by flubendazole. 

 

3.5 Theoretical calculation results 

The frontier orbital of the inhibitor molecule can be used to evaluate the adsorption capacity of 

corrosion inhibitor on metal surface[32-34]. The distribution of the highest occupied molecular orbital 

(HOMO, Fig.8b) and lowest unoccupied molecular orbital (LUMO, Fig.8c) shows that the benzene ring, 

hydroxyl group and aromatic ring attached to benzene ring are major potential adsorption sites. The 

energy of the HOMO is −5.31 eV while the energy of the LUMO is −2.35 eV, and the dipole moment 

of the molecule is 6.72D. These values can give insights into the reaction reactivity of organic corrosion 

inhibitor [35, 36]. 
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Figure 8. (a) Optimized structure, (b) HOMO and (c) LUMO of flubendazole 

 

 

4. CONCLUSION 

The corrosion inhibition performance of flubendazole toward the corrosion of CS in 0.5 M H2SO4 

was studied, the main conclusions are as follows: 

(1) flubendazole adsorb on CS surface mainly through benzene ring, hydroxyl group and 

aromatic ring attached to benzene ring. 

(2) The adsorption of flubendazole on CS surface follows Langmuir isotherm. 

(3) The corrosion inhibition efficiency values of flubendazole increases with the increasing 

of the inhibitor concentration, and the maximum inhibition efficiency value is 93%. 
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