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Abstract 

In this paper, the effect of olive mill wastewater (OMW) as corrosion inhibitor for iron 

in molar hydrochloride solution was investigated by using potentiodynamic 

polarization (PDP) and electrochemical impedance spectroscopy (EIS) techniques. As 

results, both used techniques gave nearly the same efficiency of inhibition. Polarisation 

curves indicated that the OMW act as mixed inhibitor without variation of the 

hydrogen reduction mechanism. The inhibition efficiency increases by increasing 

OMW concentration to reach a maximum value of 84% at 4ppm. The effect of 

temperature on the corrosion of iron has also been studied without and with the 

inhibitor in the range from 298 to 318K. It was found that the rate of corrosion 

increases with temperature. OMW was adsorbed on the iron surface according to the 

model of the Langmuir adsorption isotherm. 
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1. Introduction 

Corrosion phenomena are defined as deterioration of the material by electrochemical or chemical reaction with the 

surrounding environment. It affects material properties such as mechanical strength, appearance, and permeability 

liquids and gases [1-4]. In fact, there are many methods of prevention and control of corrosion, among them the use of 

corrosion inhibitors which is very famous. Corrosion inhibitors are substances which, when added in small quantities 

in aggressive media, reduce or stop the reaction of the metal with the contact media. Organic inhibitors that contain 

nitrogen, oxygen and sulphur are more effective. In order to find an effective, environmental and economic inhibitor, 

researchers are directed to plant extras [5-24]. Since 1930, plant extracts have been used as natural corrosion inhibitors 

in acidic (H2SO4, HCl...) and basic media, for various metals such as iron, aluminium, stainless steel and its alloys. 

Several authors have shown that the inhibitory activity of plant extracts against corrosion is due to the existence of 

heterocyclic constituents such as phenolic compounds (tannins, flavonoids, etc.) [25]. Oil mill wastewater (OMW) is a 

liquid waste from the extraction of olive oil; it contains a large amount of organic matter (phenolic compounds, fatty 

acids, lipids and carbohydrates ...). In fact, in recent years, these effluents have received a great deal of attention for 

the presence of compounds with high added value, polyphenols which play the role of antioxidants, so they are used in 

the pharmaceutical and cosmetic field and also as food additives [26]. The objective of this study is to determine the 

potential using of oil mill wastewater (OMW) as corrosion inhibitor. The electrochemical techniques, namely: 

potentiodynamic polarization and impedance measurements are used to study the behaviour of iron in 1 M 

HClsolution in the absence and presence of the oil mill wastewater (OMW). 

 

2. Material and Methods 

2.1. Olive mill wastewaters sample 

The olive mill wastewaters (OMW) samples used in this study was taken from a three-phase olive mill located in the 

region of Essaouira (the position of station is shown in fig.1) 

 

 

Figure 1: The position in the olive oil extraction unit map where the OMW was collected. 

 

The sample of OMW has been obtained from olives well ripened, collected in December 2016 and stored at 4°C. The 

effluent was subjected to several successive filtrations to remove the maximum suspended matter (TSS). The physical-

chemical parameters of OMW were carried out in our laboratory according to the standard analytical methods for the 

examination of water and wastewater. The corresponding results are given in Table 1. 

 

2.2. Chemicals 

The aggressive solution (1mol/L HCl) was prepared by dilution of analytical grade 37% HCl with distilled water. Pure 

iron was used. Prior to all tests, iron electrode was prepared, by abrasive paper polishing up to 1200 degrees, and then 

rinsed with distilled water followed by acetone to remove fat matter.  
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Table 1: Physicochemical characterization of olive mill wastewaters (OMW) used in the corrosion tests 

 

Parameters (unit) Value 

Turbidity (NTU) 2805 

pH 5.22 

conductivity (ms/cm) 10.52 

DBO5 (g/L) 62 

DCO (g/L) 180 

K (g/L) 2.91 

Na (g/l) 2.71 

Cl(g/L) 3.37 

Density(g/mL) 1.03 

2.3. Electrochemical measurement 

The electrochemical measurements were taken in a three conventional electrode Pyrex glass cylindrical cell. The 

working electrode (WE) is a rectangle iron plate. The surface exposed to the corrosive solution was 0.3 cm
2
. A 

saturated calomel electrode (SCE) and a platinum electrode were used respectively as the reference electrode and the 

auxiliary electrode. To ensure reproducibility, all experiments were performed three times. 

 

2.3.1. Polarisation measurements 

The polarization curves are carried out using a Potenstiostat /GalvanostatVersa STAT 3monitored by the VersaStudio 

software, with a sweep rate of 1 mV/s from – 800 to – 100 mV / SCE. The iron electrode was held at an open potential 

for 30 min. The inhibition efficiency was determined by using the following relation: 

           (1) 

Where Icorr(inh) and Icorr are the corrosion current densities of iron in the presence and absence of OMW, respectively. 

 

2.3.1. EIS measurements 

The electrochemical impedance spectroscopy (EIS) measurements were performed at thecorrosion potentials (Ecorr) 

after immersion in solution over a frequency range of 100 kHz to 10mHz with a wave amplitude of 10 mVby using the 

same electrochemical system. The inhibition efficiencies EEIS% were calculated as follows [27]: 

                     (2) 

Where Rct(t) and Rct(0) are the polarisation resistances of iron in 1 M HClsolution with and without the additive, 

respectively. 

 

3. Results and discussion 

3. 1.Effect of concentration 

3.1.1. Polarization curves 

Potentiodynamic polarization curves of iron in 1 M HCl without and with different concentrations of the OMW 

inhibitor are represented respectively in figure 2. Table 2 gives the values of the associated electrochemical 

parameters. According to figure 2, it may be noted that the cathodic polarization curves gave rise to parallel Tafel lines 
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indicating that the hydrogen evolution is activation controlled and the reduction mechanism is not affected by the 

presence of OMW. The anodic reaction corresponds to the dissolution of iron as ferrous ions with the liberation of 2 

electrons and the corresponding cathodic reaction has been reported to proceed as follows [28, 29]: 

Fe → Fe
2+

 + 2e
-
                          (4) 

H
+
 + 2e

-
 → 2Hads → H2               (5) 

From the results obtained in Table 2, it is noted that the corrosion potential (Ecorr) moves to the cathode sides. The 

classification of a compound as an anodic or cathodic inhibitor is achievable when the displacement of the corrosion 

potential is at least 85 mV compared to that measured for the virgin solution [30]. In our case the displacement was 

less than 14 mV. So we can classify our inhibitor as a mixed type inhibitor. From the results obtained in Table 2, it can 

also be noted that there is a decrease in the corrosion current densities when the concentration of the inhibitor has 

increased. The OMW inhibition efficiency reaches a maximum of 84% at 4 ppm. 

 

Figure 2: Polarisation curves of iron in 1M HCl without and with OMW at different concentrations. 

 

Table 2: Electrochemical parameters of Iron at various concentrations of OMW in 1MHCl and corresponding 

 inhibition efficiency. 

 

OMW 

concentration 

-Ecorr 

(mV)/SCE 
ba (mV dec

-1
) bc(mVdec

-1
) Icorr (µA cm

−2
) IEp (%) 

Blank 493 81 121 477 - 

0.5 ppm 504 68 124 300 37 

1.0 ppm 518 67 124 208 56 

2.0 ppm 496 70 118 175 63 

3.0 ppm 494 69 125 121 75 

4.0 ppm 505 66 117 77 84 

 

3.1.2. Electrochemical impedances spectroscopy 

The EIS plots for iron in the 1 M HCl solution in the absence and the presence of various concentrations of OWM are 

given in Fig. 3. The impedance parameters and the equivalent circuit model are given in Table 3 and Figure 4, 
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respectively. Overall, all experiments give us a single depressing loop, which is attributed to the dispersion of the 

frequency of the interfacial impedance [31, 32], generally due to the heterogeneity of the surface of the electrode. This 

heterogeneity may result from roughness, impurities, and dislocations, adsorption of the inhibitor and formation of 

porous layers [33, 34]. The equivalent circuit contains a constant phase element (CPE), in parallel with a resistor of 

charge transfer Rct. This model has been described extensively in the literature [35-36]. The values of the CPE were 

calculated by using the equation (6): 

ZCPE = [Q (jω) 
n
] 

-1
                        (6) 

The value of n allows us to differentiate the behaviour of an ideal capacitor (n = 1) and a CPE (n <1). As cited 

previously, the values of Icorr decrease with the increase of the concentration of OMW. In this context, Rp it is 

inversely proportional to Icorr.. As can be noted in the table 3, the values of Rct increase with OMW concentration, 

which reaches a value of 337.2 Ωcm
2
 at 4ppm, while the value of the CPE decreases [37]. Figure 5 shows the variation 

in the inhibitory efficiency as a function of the concentration of inhibitor, In fact the inhibitory efficiency, determined 

by potentiodynamic polarization as well as by electrochemical impedance spectroscopy, increases with the 

concentration of the inhibitor and averaged 84% at 4 ppm for a 30 min immersion time. 

 

 

 

Figure 3: Nyquist plots of iron in 1M HCl solution without and with different concentrations of OMW. 

 

Table 3: Impedance parameters of iron in 1M HCl solution containing different concentrations of OMW 

 

 

 

 

 

 

 

Concentration Rs (Ω m
2
) Rct(Ω cm

2
) CPE(Ss

n
cm

-2
) N IEEIS(%) 

Blank 1.9 48 6.50x10
-4

 0.85 - 

0.5ppm 2.6 82 4.94x10
-4

 0.74 42 

1.0 ppm 2.6 102 4.55x10
-4

 0.91 53 

2.0 ppm 2.8 130 3.51x10
-4

 0.80 64 

3.0ppm 2.8 223 3.20x10
-4

 0.75 79 

4.0ppm 2.7 337 1.50x10
-4

 0.79 86 
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Figure 4: The used equivalent circuit to model the impedance spectra obtained for iron in different tested mediums. 

 

Figure 5: Variation of inhibition efficiency (IE %) with the concentration of OMW for iron in 1M HCl 

 

3.2. Effect of temperature 

3.2.1. Electrochemical polarisation 

The nature of the environment and its temperature are two essential parameters affecting corrosion phenomena. In 

order to obtain an idea of the inhibition mechanism and to determine the activation energies of this process, the 

electrochemical measurements by polarization curves were taken at different temperatures in the absence and presence 

of the OMW at 4 ppm. Figure 6 shows the polarization curves of iron with and without 4 ppm of OMW at different 

temperatures. The corresponding data are shown in Table 4. We observed that corrosion rate increases with the 

temperature in the absence and in the presence of the OMW. However, the inhibition efficiency decreases slowly. It 

still important even at hay temperature (Table 4).  

 
 

Figure 6: Effect of temperature on the cathodic and anodic responses for iron in1 M HCl (a) and in 1M HCl + 4 ppm 

of OMW (b). 

 

(a) (b

) 
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Table 4: Effect of temperature on iron in 1M HCl and with 4ppm of OMW 

 

 T(K) Ecorr (mV)/SCE Icorr (µA cm
-²
) -bc (mVdec

-1
) ba (mVdec

-1
) IEp (%) 

Blank 

298 496 477 121 81 - 

308 489 759 125 62 - 

318 464 2400 130 60 - 

328 452 4174 128 58 - 

4ppm 

298 505 77 126 66 84 

308 512 160 124 86 79 

318 503 580 123 80 76 

328 495 1341 117 82 68 

 

3.2.1Kinetic parameters 

In order to get more information about the corrosion process, the activation kinetic parameters such as the activation 

energy (Ea), entropy (ΔS
*
) and enthalpy (ΔH

*
) are obtained from the effect of temperature using the Arrhenius law (Eq 

(6) and (7)) and the alternative formulation of the equation Arrhenius (Eq. (8) and (9)) [38-39]: 

                            (6) 

7) 

          (8) 

                                       (9) 

Where kB: the Boltzmann constant (kB = 1.38066 10
-23

J K
-1

), h: the Planck constant (h = 6.6210
-34

Js). 

 

Figure 7: Typical Arrhenius plots of ironin1M HCl without and with addition of OMW at 4ppm 

 

The variation of ln (Icorr) as a function of 1000/T of iron in 1 M HCl without and with 4 ppm of OMW is presented in 

Figure 7. These curves show that the variation ln (Icorr) = f (1000/T) is substantially linear and follows the Arrhenius 

law both in the absence and presence of the inhibitor. The correlation coefficient (R
2
) is 0.97. This result allowed us to 

calculate the activation energy values from the slope (-Ea/R). The variation of ln (Icorr/T) as a function of 1/T (Figure 8) 
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is a straight line with a slope -ΔH
*
/R and an ordinate at the origin ΔS

*
/R + ln (kB / h) (Eq (9)) which used to determine 

the values of the activation parameters of the corrosion process: the enthalpy of activation ΔH
*
and the activation 

entropy ΔS
* 
. As can be seen from table 5, the activation energy was higher in the presence of inhibitor compared to 

the blank solution that indicates the good performance of OMW inhibitor even at higher temperatures. This elevation 

of could be often interpreted as an indication for the formation of an adsorptive film by a physical mechanism [40-41]. 

 

 

Figure 8: The relation between Ln (Icorr/T) vs. 1/T for iron in 1M HCl without and with OMW at 4ppm. 

 

Table5: Corrosion activation parameters of iron in 1 M HClin absence and in presence of OMW at 4 ppm. 

 

Medium ΔH*(KJ.mol
-1

) ΔS*(J.mol
-1

.K
-1

) Ea(KJ.mol
-1

)  Ea - ΔH* 

Blank 23.4 -110.6 25.98 2.6 

4 ppm 31.5 -91.7 34.10 2.6 

 

3.3. Adsorption parameters 

The adsorption depends on the charge of the metal, its nature, the chemical structure of the organic inhibitor and the 

type of electrolyte. The adsorption of the inhibitor can take place in two forms. The first is physical adsorption; it is a 

weak interaction which due to an electrostatic attraction between the molecules of inhibitor via charged atoms and the 

charged metal surface. The second form is chemical adsorption; it involves the transfer of charge from the adsorbate to 

the metal atoms to form coordination bonds. Chemical adsorption has activation energy higher than that of physical 

adsorption and therefore is generally irreversible [42-43].  In order to estimate the adsorption behaviour of the 

inhibitors there are various adsorption isotherms which can be used. To find the adsorption isotherm, the degree of 

surface coverage (θ) for several inhibitor concentrations was determined according to the following relationship: 

              (10) 

Table 6 gives the equations of tested isotherm model and corresponding linear correlation coefficients (R
2
). It has been 

found that the Langmuir adsorption isotherm provides the best description of the adsorption behaviour of investigated 

inhibitor on iron surface in 1 M HCl solution, which gave a straight line with a unit slope. Recalling that the equation 

corresponding to the adsorption isotherm of Langmuir is represented below: 
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           (11) 

Where Kads is the adsorption/desorption equilibrium constant and Cinh is the corrosion inhibitor concentration in the 

solution. Therefore, the representation of as a function of concentration C is presented on the Figure 10. 

 

Table 6: Linear correlation coefficient of different tested adsorption isotherm models 

Adsorption Isotherm Equation Linear correlation coefficient (R
2
 ) 

Freundlich 
 

0.95 

Temkin 
 

0.96 

Langmuir 
 

0.99 

 

The Kads values can be calculated from the intercept lines on the Cinh/ϴaxis. This is related to the standard free energy 

of adsorption (ΔGads) by [44]: 

 (12) 

ΔGads= RT ln (1.10
6

) (13) 

Where 10
6
 is the concentration of water molecules expressed in mg L

-1
, R is the universal gas constant and T is the 

temperature. In the present work, the calculated value of ΔGads is -34.5 >-40.0 KJ mol
-1

, on the one hand shows the 

stability of the adsorbed layer on the surface of the iron and the spontaneity of the adsorption process, on the other 

hand it support the mechanism of physical adsorption. 

 

 

Figure 9: Langmuir isotherm adsorption model of OMW on the surface of ironin 1M HClsolution. 

 

 

4. Conclusion 

In this work, we have been able to avoid the OMW discharged into rivers and into the environment by using it as an 

effective corrosion inhibitor. Furthermore, this study has also brought the following results: 

 OMW was a good inhibitor for iron in 1M HCl. 

 The inhibition efficiency of OMW reached an optimum value of 84% at 4ppm. 
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 The inhibition efficiencies obtained by polarization curves and EIS are in good accordance. 

 OMW acts as a mixed-type inhibitor without changing the hydrogen release mechanism. 

 The adsorption of OMW on iron surface was found to be in agreement with Langmuir adsorption isotherm 

model. In addition, the calculated thermodynamic parameters such as Kads and Gads indicated that the OMW 

adsorbed on to iron through physical mechanism. 
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