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1. Introduction   

Mild steel has widespread applications in industry owing to its low cost and high availability. However, it is easily 

corroded especially in acid solutions.  Acid solutions are used in many industrial processes including pickling, 

chemical cleaning and processing and oil well acidification [1]. Due to the corrosive effects of acidic media, 

inhibitors are widely used to improve the resistance of metal against corrosion.   

Most of the organic compounds are known as effective inhibitors for mild steel [2, 3]. The inhibition action of them 

is often linked to the presence of  electrons and heteroatoms such as N, S, O in the molecule [4-7]. These 

compounds are adsorbed on the metallic material and cover the active surface corrosion sites, hence reducing the 

corrosion rate. However, most of them are costly and have serious damage to the environment. Therefore, it is 

necessary to develop other corrosion inhibitors which are inexpensive and environmentally friendly. Natural 

products such as plant materials having such properties have received a high interest recently as corrosion inhibitors 

[8]. So, many recent researches have been made on them. These studies have shown that the leaf extracts of Salvia 

officinalis, Sansevieria trifasciata, Occimum viridis, Phyllanthus amarus, Murraya koenigii, Colocasia esculanta 

are efficient  inhibitors in acidic solutions [9-17].  Although the olive tree is native to the Mediterranean region, it 

is grown in tropical and central Asia and various parts of Africa.  Olive leaves have been used for both medicinal 

and nutritional uses in various cultures. They contain phenolic compounds including oleuropein, hydroxytyrosol, 

tyrosol, luteolin, rutin, caffeic acid, catechin and apigenin. Oleuropein (C25H32O13) is the main phenolic compound 

of olive leaves [18-22]. The chemical structure of oleuropein is given in Figure 1.    
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The objective of this study is to search the inhibition abilities of the olive leaf extract as a type of green inhibitor 

for corrosion of mild steel in H2SO4 solution. The inhibitor effect of OLE was studied by applying EIS, 

potentiodynamic polarization measurements.    

 
Figure 1: Chemical structure of oleuropein 

 

2.  Material and Methods 

Olea europaea L. leaves were collected at Mersin, Turkey. Leaf samples were dried, powdered into small pieces, 

and then an amount of 10 g ground sample was extracted with 200 mL of 1 M H2SO4 (Merck) during 120 minute. 

The sample was filtered and adjusted to 200 mL of volume. The test solutions were prepared using the resultant 

stock solution.    

The electrochemical studies were performed by using a three-electrode cell. The cell consisted of a mild steel as 

the working, a silver chloride (Ag/AgCl) as the reference and a platinum sheet (with 1 cm2 surface area) as the 

counter electrode. A cylindrical rod of mild steel in a polyester block with exposure surface of 0.2 cm2 was used. 

The chemical composition (wt. %) of the mild steel was given in Table 1. Prior to each measurement, the working 

electrode was polished with 400, 800, 1200 grades of emery papers and washed in distilled water. All 

electrochemical measurements were made with a computer controlled electrochemical analyser Gamry ZRA. The 

surface characterizations of the electrodes were done using SEM (Zeiss /Supra) and FT-IR (Perkin Elmer, Frontier) 

instruments. Infrared spectra were recorded in the wavenumber range of 400-4000 cm-1.  

Corrosion tests were carried out in 1 M H2SO4 solutions without and with various concentrations (5, 12.5, 25 and 

50 g L-1) of OLE. The frequency range for EIS measurements was 100 kHz to 10 mHz with an a.c. voltage amplitude 

of 5 mV. EIS data were fitted to appropriate circuits. Potentiodynamic polarization curves were recorded after EIS 

measurements at various temperatures (25-55 0C).     
   

Table 1: The chemical composition (wt. %) of the mild steel 
   

C Mn Si P S Fe 

0.125-0.30 0.57-0.62     0.03  0.012-0.018  0.039-0.045 remainder 

 

3. Results and discussion 

3.1. Potentiodynamic polarization measurements   

Polarization curves for mild steel in 1 M H2SO4 solution without and with of 50 g L-1OLE are given in Figure 2.  

Related corrosion kinetic parameters obtained from the polarization curves such as corrosion potentials (Ecorr), 

corrosion current densities (icorr), anodic and cathodic Tafel slopes (ba and bc), and inhibition efficiencies (IE1%) 

are given in Table 2. The IE1 (%) was calculated using the following equation:   

                           (1)                                                                                   

where icorr and i'corr are the current densities without and with OLE, respectively. It is clear from Figure 2 that Ecorr 

shifts to more positive values in the presence of OLE.  The addition of OLE to the aggressive solution inhibits the 
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corrosion of mild steel affecting more than cathodic reaction than anodic. Furthermore, bc values decreased as OLE 

concentration increased. The bc value is decreased from 10.78 for blank solution to 6.09 V dec-1 at the highest 

concentration of OLE studied.  As can be seen from Figure 2, both anodic and cathodic current densities were 

decreased in the presence of OLE. This confirmed that OLE inhibited both anodic metal dissolution of iron and 

cathodic hydrogen evolution reaction. The presence of OLE doesn’t remarkably change the corrosion potential. 

Therefore, it can be concluded that OLE behaves as mixed-type inhibitor. The inhibition efficiency reaches a 

maximum value (99 %) in the presence of 50 g L-1 OLE.  The high inhibition efficiency of OLE is probably caused 

by the formation of an adherent and compact inhibitor film on the mild steel. This protective film diminishes the 

active sites exposed to the aggressive medium.   

 

 

 

 

 

 

 

 

OLE (2)1 -L (1) and presence of 50 g solution in absence 4SO2M Htion curves for mild steel in 1Polariza 2: Figure 

solution in the absence and  4SO2Corrosion parameters obtained from the polarization curves in 1 M HTable 2: 

presence of OLE 

   

C(g L-1)   

   

Ecor(mV)   

   

  icorr(mA cm-2)   

   

 ba(dec V-1)   

   

 bc(dec V-1)   

      

 R p (Ω)     IE1%   

  Blank   -493   1.4 × 10-1       11.93      10.78          144        – 

5   

12.5   

25   

-442   

-420   

-423   

1.8 × 10-5   

1.5 × 10-5   

1.2 × 10-5   

  23.97   

  42.25   

  47.22   

   7.21   

   6.67   

   6.11   

       499        90      

    626        92 

    733        98 

50   -432   1.1 × 10-5       46.03         6.09            810        99   

 

3.2. Effect of temperature   

Potentiodynamic polarization curves obtained in the temperature range of 25-55 0C in   1 M H2SO4 solution with 

50 g L-1 OLE are shown in Figure 3.  In acid solution containing 50 g L-1 OLE, the corrosion currents of mild steel 

increase with the increase in temperature. The number of the adsorbed molecules decreases thus the inhibition 

efficiency of OLE diminishes. Despite this behaviour, OLE indicates satisfactory inhibiting efficiencies even at 

higher temperatures (90 % at 55 0C) (Table 3).   
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OLE   1-L solution with 50 g 4SO2Polarization curves obtained at various temperatures in 1 M H Figure 3: 

C in 1 0 55-Corrosion parameters obtained from the polarization curves in the temperature range of 25 :Table 3

OLE  1 -solution in the absence and presence of 50 g L 4SO2M H 

   

 

C)oTemp. ( 
4SO21M H 

 

)2-cm (mAcorri Ecorr (mV)  

OLE 1-L + 5O g4 SO21M H 
  

           1IE          )2-cm (mAcorr(mV)    icorrE 

25 
   

35 
   

45 

   

55 

1-1.4 × 10   493              - 

 
1-476              2.0 × 10- 

 
1-475              5.4 × 10- 

 
0-472              1.1 × 10- 

99         5-1.1 × 10 432         -           

 

            95         5-1.5 × 10       454    -   

 

92        5-2.3 × 10472            - 

 

90        5-2.7 × 10474             - 

 
     

The activation energy can be calculated from Arrhenius equation:   

             (2)                                

where icorr is the corrosion rate, Ea the activation energy, R is the molar gas constant, T the absolute temperature, 

and A is the frequency factor. Figure 4 shows the Arrhenius plots in 1 M H2SO4 solution without and with addition 

of 50 g L-1OLE. The Ea values were found to be 57.13 kJ mol-1 and 24.89 kJ mol-1 in uninhibited and inhibited 

solutions.   The lowered activation energy obtained with the addition of OLE could be related to its chemisorption 

on the steel surface [23].   

3.3. Electrochemical impedance spectroscopy   

Figure 5 shows Nyquist plots obtained from electrochemical impedance measurements in 1 M H2SO4 solution 

without and with different concentrations (from 5 to 50 g L-1) of OLE after 1h exposure time. Nyquist plots display 

single depressed semi-circles whose diameter increased by increasing the concentration of OLE. The deviation of 

semicircles from ideal circles is related to impurities and heterogeneity of solid surfaces [24]. The semi-circular 

appearance shows that the corrosion process of mild steel is charge transfer controlled. In uninhibited H2SO4 

solution, a small loop was also observed at low frequencies. This behaviour is generally attributed to the adsorption 

of the accumulated species at the metal electrolyte interface [25].    
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OLE (●) 1-L solution without (■) and with addition of 50 g 4SO2M H 1 Arrhenius plots obtained in Figure 4: 

 
Figure 5: Nyquist plots after 1h of immersion time for mild steel in 1 M H2SO4 solutions in the absence  and 

presence of different concentrations of OLE, (o) blank (▲) 5 g L-1 (■) 12.5 g L-1 (♦) 25 g L-1 (●)50 g L-1                                                                                                                                                                                                                     

 

The inhibitive behaviour of OLE was tested for 120 h period in 1 M H2SO4 solution with 50 g L-1 OLE using EIS 

(Fig. 6). It can be seen from Figure 6 that the diameter of semicircles decreases with increasing in time. This can 

be related to degradation of surface film. However, the percent inhibition efficiency was 96 % even 120 h later in 

1 M H2SO4 including 50 g L-1 of OLE (Table 4).    

The obtained impedance data (Fig. 7a and b) was analysed by fitting in the adequate circuit models (Fig. 8a and b). 

In the equivalent circuits, Rs is the electrolyte resistance, CPE is the constant phase element, RL is the inductor 

resistance, L is the inductance and Rp is the polarization resistance.  Rp value of mild steel must be equal to the sum 

of the charge transfer resistance (Rct), the diffuse layer resistance (Rd), the resistance of all accumulated species 

(Ra) and inductor resistance for blank solution [26]. In the case of the inhibited solution, Rp includes inhibitor film 

resistance (Rf) and pore resistance (Rpo). Rpo is related to corrosion and diffusion process occurring within 

uncovered regions and pores [27].  

 The fitting parameters and percentage inhibition efficiency values are given in 1M H2SO4 free and containing 50 

g L-1 OLE in Table 5. Inhibition efficiency was found to be 87 % after 1h of immersion. The adsorption of OLE on 

the metal surface decreases double layer capacitance because of the substitution process between OLE and the water 

molecule and other ions [28].   
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Figure 6: Nyquist plots after different immersion times for mild steel in 1 M H2SO4 solution in the absence (1h) 

and presence of 50 g L-1 OLE (1h, 24 h, 72 h, 96 h and 120 h) 

 

Table 4: Polarization resistances obtained from the impedance measurements in 1 M H2SO4 solution in the 

absence and presence of 50 g L -1 OLE at various immersion times 

   

Time (h)   4SO21M H 
   

 (Ω) pR 

OLE 1-L + 5O g4 SO21M H 
           

 % 2(Ω)                                  IEpR   

    1    
   

24   
   

   48   
   

   72   
   

   96   
   

   120   

  141   

  

   81   

   

   26   

   

   14   

   

   10   

   

     7   

         1430                                      94   

 

          868                                       90   

   

          527                                       94   

   

          360                                       96   

   

          237                                       95   

   

          177                                       96   

 

 

 

 

 

 

 

 

 

(a) 

 

(o
h

m
)

im
a
g

 
Z 

–
 

(ohm)real Z 



Undie et al., J. Mater. Environ. Sci., 2020, 11(1), pp. 45-56 51 

 

 

 

 

 

 

 

 

 
 

(b) 

Figure 7:  Nyquist diagrams for mild steel in 1 M H2SO4 in the absence (a) and presence of 50 g L-1OLE (b) 

after 1h immersion time, solid lines show fitted data using equivalent circuit  

(a)      

(b)  

Figure 8: The equivalent circuit model for corrosion process of mild steel in 1 M H2SO4 in the absence (a) and presence of 

50 g L-1 OLE (b)   

Table 5. Fitting results of impedance spectra for the corrosion of the mild steel in 1 M H2SO4   solution in the absence and 

presence of 50 g L-1 OLE 

      Solution Rs (Ω) CPE1 (F) n1 RL (Ω) L(H) Rp (Ω) IE2  % 

1 M H2SO4 1.58 2.94 × 10-6 0.86  163.5   400.2 156  

1MH2SO4 + 50 g L-1 OLE 5.9 72.2 × 10-6 0.83   1453 87 
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3.4. Adsorption isotherm   

The inhibition ability of OLE is proportional to the surface  coverage ( ) values. In order to obtain knowledge about 

the adsorption behaviour of OLE, the variation of  with the OLE concentration  must be obtained. It has been 

preferred to evaluate the adsorption process using EIS because the sine wave perturbation of 5 mV amplitude does 

not disturb the surface. The values of  were calculated by the   

Eq.3   

 

             𝜃 =
𝑅𝑝−1−𝑅𝑝(𝑖𝑛ℎ)−1

𝑅𝑝−1
                           (3) 

                                                                     

where Rp and Rp (inh) are the polarization resistances without and with OLE, respectively.  Langmuir, Frumkin and 

Temkin adsorption isotherms were tested to describe the adsorptive behaviour of OLE on mild steel in H2SO4 

solution. Temkin isotherm was found more suitable with an average correlation coefficient of 0.9505 (Fig. 9).  The 

Temkin adsorption isotherm can be expressed as [29]:   

  

         (4)                     

 

where   is the surface coverage,  Kads is the adsorption equilibrium constant, C is the inhibitor concentration and 

g is the adsorbate interaction parameter. The value of the free energy (ΔG) of adsorption wasn’t calculated because 

the value of ΔG depends on the proportions of the various components in OLE. 

  

 

 

 

 

 

 

 

 

 

 

Figure 9:  Temkin adsorption plot for the mild steel electrode in 1 M H2SO4 containing different concentrations of OLE  

Oleuropein, the main component of olive leaf extract, contains many O atoms in functional groups and O-

heterocyclic rings. This main compound might be protonated in acid media. Its adsorption depends mainly on the 

nature and surface charge of metal, the charge of inhibitor, the adsorption mode and electrolyte. It is reported that 

the surface of steel in H2SO4 solution is positively charged [30, 31]. In that case, the acid anions of SO4
2- could be 

firstly adsorbed on steel surface. Then, the protonated inhibitor molecules may adsorb on the negatively charged 

metal.  

solution.                         4SO2in Hproposed for anodic dissolution of mild steel  The following reaction steps are 

 Fe + SO4
-2   ↔   (FeSO4

-2)ads        (step a) 
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 (FeSO4
-2)ads ↔ FeSO4

   + 4e-      (step b) 
 

   The cathodic hydrogen evolution reaction occurs on mild steel during the corrosion process in acidic       

environment as below: 

 H+ + e- ↔ Hads  

 H+ + Hads +  e- ↔ H2 
 

        organic molecules can be adsorbed on the metal surface by the electrostatic interactions with  protonatedThe    

inhibited and anodic  formation (Step b) is 
4the FeSO ,)(Step a) .  Thus ads

2-
4ions (Fe SO 2-

4already adsorbed SO

dissolution of mild steel is reduced [32, 33]. Then the protonated inhibitor molecules form a protective layer on  

 the mild steel surface as follows:  

+mH    +2n+p  -m-2]n)4(SOm(OH)p↔ [Fe(Ekst) +p(Ekst) +2-
4nSO + O2mH + 2+Fe 

 

The non-protonated molecules in the OLE may be adsorbed to the metal surface according to the following 

reaction.                                                                                                                                                               

+mH    +2n  -m-2]n)4SO(m(OH)p+ p(Ekst) ↔ [Fe(Ekst) 2-
4nSOO + 2+ mH2+ Fe 

 

       Figure 10: Schematic representation of adsorption of the OLE to the mild steel surface in the sulphuric acid solution                

Besides, as the OLE contains so many components, the inhibition action may be due to synergistic interactions of 

the active molecules of this extract.                                                                                                                              

 

3.5. Scanning Electron Microscopy (SEM)   

SEM micrographs of the mild steel surfaces exposed to 1M H2SO4 solution without and with the 50 g L-1 OLE after 

seven days are shown in Figure 11. In the absence of OLE, the SEM images revealed that the mild steel surface 

strongly damaged due to corrosive attack by the acid solution. However, it is clearly seen from Figure10b that a 

protective film was formed on the steel surface in the presence of OLE and the surface became smooth, with almost 

no pits and cracks.    

 

3.6. FT-IR Analysis of Mild Steel Surface  

FT-IR spectrum (Fig.12) was obtained after treatment of mild steel surface with highest concentration of inhibitor 

solution. A wide peak has been seen in the range of 3000-3500 cm-1. It is attributed to stretching vibrations of an 

O‒H and N‒H. The peak seen at 1637 cm-1 belongs to C=O stretching vibrations.   
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Figure 11:  SEM images of mild steel surfaces after exposing to 1 M H2SO4 solution for seven days in the absence (a) 

and presence of 50 g L-1OLE (b) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Figure 12: FT-IR spectrum obtained after treatment of mild steel surface in 1 M H2SO4 in the presence of  50 g L-1OLE. 

    

Also, C‒O (alcohols, ethers, carboxylic acids, esters) and C‒N stretching (amines, amide) vibrations give strong 

bands 1300-1050 cm-1 and 1360-1180 cm-1, respectively [34]. The peak at about 610 cm-1 is the C=C out of plane 

bending vibrations of aromatic ring [35]. Infrared results show that olive leaves extract includes several organic 

compounds having O‒H, N‒H, C=O, C‒N, C=C functional groups. 
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Conclusion    

OLE showed a good inhibitive effect on the corrosion of mild steel in 1 M H2SO4. The addition of OLE to the 

 1 M H2SO4 solution modified the corrosion process of mild steel in the temperature range of 25-55 0C. The 

highest percent inhibition efficiency was 96% even 120 h later in 1 M H2SO4 including 50 g L-1 of OLE. The 

adsorption of OLE on the mild steel fitted Temkin isotherm.    
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