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ABSTRACT 

 
Bligh and Dyer extract of an endemic species called Origanum elongatum was studied as a corrosion 

inhibitor in H2SO4 medium at a concentration of 0.5 M by gravimetry method, linear polarization and 
electrochemical impedance spectroscopy. gravimetry at three different temperatures 25°C, 35°C and 45°C, 
electrochemical tests were performed at room temperature including linear polarization which shows that this 
extract acts as a mixed inhibitor, electrochemical parameters were calculated such as Ecorr the anode and 
cathode slopes βa and βc, then electrochemical impedance spectroscopy which shows that the extract forms a 
protective layer on the metal surface, thermodynamic parameters were calculated and discussed such as free 
enthalpy, enthalpy and entropy. a confirmation of the type of adsorption by the use of the Dubinin-
Radushkevich isotherm, the use of the Bockris-Swinkels isotherm allows to know the number of water 
molecules displaced by the adsorption of a single active species. 
Keywords: Origanum elongatum extract, Potentiodynamic Polarization Data,Electrochemical Impedance 

Spectroscopy (EIS), Langmuir isotherm, Dubinin-Radushkevich isotherm, Bockris-Swinkels 
isotherm. 
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INTRODUCTION 
 

Steel is widely used in industry and machinery; on the other hand, it corrodes in aggressive media [1], 
but also hydrochloric and sulfuric acids are used in the stripping and descaling of mild steel [2], hence the need 
to use corrosion inhibitors [3,4], organic molecules that contain heteroatoms such as oxygen, nitrogen, sulfur 
... are likely to have a stronger corrosion inhibiting effect [5,6], this type of inhibitor has a detrimental effect on 
the fauna and flora [7], hence the tendency to use molecules of plant origin for their non-toxicity and their 
availability [8-10]. 

 
There are several authors who have worked on plant extracts, A. El Bribri et al worked on a 

methanolic extract of Euphorbia falcata L. in 1M HCl, they are found to be 93.2% effective at a concentration 
of 3g/L [10], for M. Faustin et al, their work on alkaloids extract from Geissospermum laeve in 1M hydrochloric 
acid, found an efficiency of 92% for a concentration of 100mg/L [11], L. Bammou et al, who studied the 
efficacy of inhibition of Chenopodium Ambrosioides extract in 0.5M H2SO4, and they found an efficiency of 94% 
for a concentration of 4g/L [12], Mayakrishnan Prabakaran et al, investigated the inhibition of Cryptostegia 
grandiflora leaf extract was evaluated for its anti-corrosion property on mild steel in 1 M H2SO4, a maximum 
efficiency of 87.54% was found for a concentration of 500 ppm [13], pour N. Soltani et al, Their work consisted 
of testing Silybum marianum leaf extract as a 304 stainless steel corrosion inhibitor in a 1 M HCl solution, by 
gravimetry they found a maximum efficiency of 95.5% for a concentration of 1.2 g/L [14]. 

 
Finally this list of examples we will quote the work of S.A. Umoren et al [15] they found that leaf and 

stem extracts of Sida acuta both inhibited corrosion with maximum efficiencies of 85% at a concentration of 
0.5 g/L for leaf extract at 30°C and 52% for the extract of stem for a concentration of 0.5g/L at a temperature 
of 30°C. The plant Origanum elongatum was harvested in "Targuist" in the Rif in the north of Morocco (34° 57' 
North 4° 18' West). The leaves and flowers are dried in the shade in a dry and airy place, the composition of 
Origanum elongatum was cited by the work of Hassan Ramzi et al [16]. 

 
MATERIALS AND METHODS 
 
EXTRACTION METHOD 
 

The powder of Origanum elongatum (leaves and flowers) was extracted with a mixture of methanol / 
chloroform (2/1; v / v) and with constant stirring. The extracts were evaporated by a rotary evaporator and 
then reduced to powder by lyophilization. 
 
WEIGHT LOSS MEASUREMENTS 
 

Carbon steel specimens of the following chemical composition (wt%) were used in the experiment: 
0.38 per cent (C), 0.23 per cent (Si), 0.68 per cent (Mn), 0.01 per cent (P), 0.02 per cent (S) and the remainder 
iron, were used in the studies.  Gravimetric method is the most simple and reliable method for the 
determination of inhibition efficiency. The mild steel sheets of 1cm × 1cm × 0.1 cm were abraded with a series 
of emery paper (grade 320-500-800) and washed thoroughly with triple distilled water, degreased with 
acetone and dried using air flow at room temperature. After weighing accurately, the specimens were 
immersed in 30 mL beaker, which contained 30 mL sulfuric acid with and without addition of different 
concentrations of extract. After 6 h in different temperature, the specimens were taken out, washed, dried, 
and weighed accurately. Experiments were carried out in triplicate.  

 
The average weight loss of three parallel mild steel sheets could be obtained. Then the tests were 

repeated at different temperatures, and mass loss was expressed in g and corrosion rate in g.cm-2.h-1. The 
corrosion rate Cr (g.cm-2.h-1) is calculated from [17]: 
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Where W0is the initial weight before immersion, W1 the final weight after the corrosion test, 
respectively, S is the total surface area of specimens, t is exposure time. The percentage protection efficiency 
(%E) of extract was calculated by applying the following relation [18]: 
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Where
0

rC  and
I

rC  are the values of corrosion rate without and with inhibitor, respectively. 

 
ELECTROCHEMICAL MEASUREMENTS 
 

A three-electrode cell was used with a carbon steel (WE) working electrode, a platinum counter 
electrode (CE) and a saturated calomel reference electrode (SCE). The working electrode (WE) was Covered 
with an epoxy resin so that it only a working surface of 1 cm2. The working area was 1.0 x 1.0 cm² and 
prepared as described above (Weight loss measurements). The electrochemical equipment used is EC-Lab SP 
200 Research Gradostat model / galvanostat / FRA. The data were analysed using the EC-Lab software.  

 

The polarization curves were recorded using a three-electrode system. The working electrode was 
first immersed in the test solution for 30 minutes to establish an open circuit potential (Eocp). After measuring 
the open circuit potential, potentiodynamic polarization curves were obtained with a sweep rate of 1 mV.s-1 in 
the potential range between ± 10 V and Eocp. The density of the corrosion current (jcorr) was obtained by 
extrapolation of the anodic and cathodic Tafel to the corrosion potential. Inhibition Efficiency %E is defined as 
follows [19]: 
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Where: 0

Corrj  and inh

Corrj  represent respectively the corrosion current density without and with an 

inhibitor. 
 
Electrochemical impedance spectroscopy (EIS) was performed at open-circuit potential (Eocp) in a 

frequency range from 100 kHz to 10 MHz, with a signal amplitude perturbation of 10 mV. The inhibition 
efficiency % E is estimated using the following relationship [20]: 
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Where:
0

ctR and Inh

ctR
, respectively represent the charge transfer resistance without and with the 

inhibitor. 
 

RESULTS AND DISCUSSION 
 
ELECTROCHEMICAL MEASUREMENTS 
 
POTENTIODYNAMIC POLARIZATION DATA 
 

Figure 1 shows the polarization curves of different concentrations of the extract ranging from white 
to a concentration of 1 g/L in an acid medium (0.5M H2SO4) at room temperature, the corrosion current 
density (jcorr) was calculated from the intersection of Tafel lines. 
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From Figure 1, we note a displacement of the anodic side of the curves after the addition of different 
concentrations of the extract, we also note that the addition of a concentration of the extract varies the 
corrosion potential (Ecorr) decreases ranging from -399.446 mV/ESC to -365.607 mV/ESC, and since this 
variation does not reach the value of (85 mV) it can be deduced that this inhibitor is of mixed types [18,21] 
with an anodic tendency but it acts on the dissolution of the metal and on the reaction of the release of 
hydrogen [22,23] with displacement a slight displacement towards anode potentials. Regarding the corrosion 
current (jcorr) according to Table 1, the significant decrease from 31.471 μA/cm² to 56.426 μA/cm² is noted, it 
can be seen from Figure 1 that the anodic and cathodic currents decreases significantly during the addition of 
the extract, which indicates the formation of a protective layer by the adsorbed molecules which block the 
active sites on the metal surface by reducing the contact area [24]. 
 

The effectiveness of the inhibition was calculated by Equation (3) and shown in Table 1, it can be seen 
that the efficiency increases when the concentration is increased to reach a maximum value of 82.17% for a 
concentration of 1g/L. 
 
ELECTROCHEMICAL IMPEDANCE SPECTROSCOPY (EIS) 
 

Figure 2(left) shows the Nyquist plot for different concentrations of OEE in 0.5M H2SO4, this figure 
shows that after the addition of different concentration of the extract the charge transfer resistance (Rct) 
increases this is seen by the increase of the amplitude of the semicircles each time the concentration is 
increased, according to the representation of Bode Figure 2(right) one also notices that the phase Ф(Deg) 
decreases since one sees a clear difference between that of the white one and that of the other 
concentrations, and that the Z modulus decreases when adding OEE extract, it can be seen that in 
intermediate frequencies there is a linear relationship between the modulus of Z and the frequency with a 
slope approaching -1 and a phase angle of almost -60°, this implies a capacitive behaviour at these frequencies 
[25], it is recognized that for a perfect capacitive system the shear must reach a value of 90° and a slope -1 
[26]. 

 
Table 2 represents Electrochemical parameters deduced by EIS method for mild steel in 0.5MH2SO4 in 

the absence and presence of various concentrations of OEE, these results were found by using an equivalent 
circuit which is represented in the Figure 3[27],it can be seen that the Rct value increases with the increase of 
the concentration of the OEE in the acid to reach a maximum value of 67.47Ω for a concentration of 1g/L 
which corresponds to a maximum effectiveness of 72.70% for this same concentration, this increase in Rct is 
often explained by the formation of a protective layer on the metal surface [28], or the reduction of the 
surface in contact with the solution which makes it possible to delay the process of charge transfer [29]. 

 
Cdl decreases that can explain the same thing as increasing Rct[28], but it can also explain the increase in the 
thickness of the layer forming or the decrease of the local dielectric constant [30] according to Helmholtz's 
relation [31]: 

0
dl

A
C

d

 
= (5) 

 
Where d is the thickness of the protective layer, ε the dielectric constant of the medium,ε0 the 

vacuum permittivity and A is the effective surface area of the electrode. 
 

WEIGHT LOSS STUDIES 
 

The values of the corrosion rate Cr (g.cm-2.h-1), the recovery rate and the efficiency of the %E 
inhibition obtained by the mass loss method are shown in the Table 3. The value of θ was calculated by [32]: 
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From Table 3 It is observed that this compound inhibits the corrosion of mild steel. The inhibition 

efficiency increases by increasing the concentration of the extract. The increase in the concentration of the 
extract results in an increase in the part of the metal surface covered by the inhibitory molecules and this leads 
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to an increase in the inhibition efficiency. Thus, these results reveal the ability of the OEE to act as a protective 
layer of corrosion on the mild steel and its thickness significantly affects the corrosion protection properties. It 
is observed that for a concentration of 1 g/L of the extract, the efficiency is about 77.50% at 298K, which 
shows a very good adsorbability on the surface of the carbon steel. 

 
ADSORPTION ISOTHERM 
 

Adsorption isotherms are important means in the knowledge of the information of interactions 
between steel and the inhibitor [33], there are several types of Langmuir, Flory-Huggins, Frumkin 
isothermsand others (Table 4). Recovery rates (θ) and concentrations (C) of OEE are used to represent the 
different adsorption isotherms. the Table 5 presents the different isotherms and their equations, the values of 
the parameters Kads, correlation factor R²….: 

 
The graphical representations of these isotherms are shown in Figure 4, the choice of Modified 

Langmuir isotherm is based on the value of the slope find which is greater than 1 and that the ordinate at the 
origin is not zero [34]. 

 
From Table 5 we notice that the Langmuir isotherm at the highest correlation factor R², so will be 

chosen to perform the thermodynamic calculations, 
 
Still according to Table 5, the factor x of the Flory-Huggins isotherm is positive which shows that the 

adsorbed species move more than just one molecule of water [30]. The negative value of α of the Temkin 
isotherm makes it possible to deduce that there is a repulsion between the adsorbed molecules of the OEE 
[35,36], the term n in the Freundlich isotherm formula is between 0 and 1, which means that the adsorption of 
the OEE molecules is easy [35,37] this value far from the ideal value of 0.6 implies that the process of 
adsorption does not follow the Freundlich isotherm [34], we can see the formation of a monolayer since y<1 in 
the isotherm of El-Awady [38,39], As far as the Adejo-Ekwenchi isotherm is concerned, the parameter b 
increases with increasing temperature which implies that a chemisorption [37,40], this conflicts with the 
previous deductions made with the Langmuir isotherm, the use of another isotherm, such as the Dubinin-
Radushkevich isotherm, gives an idea of the nature of the adsorption [41], the parameter α of the Frumkin 
isotherm is positive which supposes an attraction within the adsorbed layer [42]. 

 
A parameter is often used RL called dimensionless separation factor, when the value of RL is between 

0 and 1 this indicates that the adsorption is favourable but the value is close to 0 plus the adsorption is 
favourable [43], however when RL is greater than 1 adsorption is unfavourable, where RL=0, we have an 
irreversible adsorption [44]. Table 6 presents the different RL values calculated from the Langmuir isotherm for 
the OEE, it can be seen that the RL values are all very low approaching the 0, confirming that adsorption of OEE 
active species is favourable [45,46], very low values are found for all concentrations, indicating that the 
adsorption is favourable [47].  
 

After choosing Langmuir, a calculation of 
0

ads and
0

adsS is necessary, we know that according to 

El-Attari et al [48]: 
 

( )0 0 0

ads ads adsG T S =  −                (7) 

 

From Figure 5
0

adsG vs. temperature, the thermodynamic parameters such as ∆𝐻𝑎𝑑𝑠
0  and

0

adsS were 

calculated by the Gibbs-Helmholtz Equation (7); the results are shown in the Table 7. 
 

We can see that the value of standard free energy of adsorption 
0

adsG  according to Table 7 it varies 

between -27.70 and -26.99 kJ/mol, and it is recognized that a value of 
0

adsG  at about 20 kJ/mol indicates a 

phenomenon of physisorption between the molecules of the inhibitor and the metal plate is the case in our 
study, on the other hand a value of 40 kJ/mol can explain a phenomenon of chemisorption [32,49,50]. 
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And according to Lutendo C. Murulana et al  [51] A value of enthalpy of adsorption 
0

ads  around 40 kJ/mol 

indicates a physisorption in our study this value is -38.195 kJ/mol which confirms the affirmation that the 
molecules of our OEE act by a physisorption with themetallic surface, And according to D. Ben Hmamou et al 

[49] a negative value of 
0

ads  indicates an exothermic process [52]. The entropy of adsorption 
0

adsS  does 

not vary but remains negative for all temperatures which may imply an order in the adsorption of the OEE 
molecules on the metal surface [53]. 
 

The use of other isotherms such as Dubinin-Radushkevich makes it possible to distinguish between 
physisorption and chemisorption [54,55], This model was designed by Dubinin and his colleague for subcritical 
vapor studies in microporous solids where the adsorption process follows a pore-filling mechanism on an 
energetically non-uniform surface [56], the Dubinin-Radushkevich isotherm is written under the formulashown 
in the Figure 6[57,41] : 

 

( ) ( ) ( )2

maxln ln a = −  (8) 

 

Where max is the maximum recovery rate,  (Polany potential) which is: 
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C is the concentration of the inhibitor, the parameter a gives the average energy of adsorption E in 

kJ/mol, which is the energy needed to move one mole of the adsorbate from infinity (solution) to the metal 
surface, it is written as follows [54]: 
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It is recognized that the value of E allows to identify the type of adsorption since a value less than 8 

kJ/mol, a physisorption exists, while a value greater than or equal to 8 kJ/mol defines a chemisorption [58]. 
 
In our case, the value of E is less than 8 kJ/mol (Table 8), which indicates that the adsorption between 

the adsorbed OEE molecules and the metal surface is a physical adsorption. 
 

The results obtained using Langmuir, Dubinin-Radushkevich and Adejo-Ekwenchi isotherms confirm 

the existence of both types of adsorption, despite the value of ∆𝐺𝑎𝑑𝑠
0 , this may be due to the existence of 

several molecules in the extract, molecules that physically adsorb and others chemically [59]. 
 

To check the number of molecules of water displaced during the adsorption of the active species in 
the extract, the Bockris-Swinkels isotherm used by Sylvester O. Adejo et al [35] his formula is [55]: 
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             (11) 

 
Fouda et al [60] used the term F(θ) in the equation (12) to determine the number of water molecules 

replaced, one finds similar work in the work of Mahmoud M. Saleh and Asem A. Atia [61], their calculation is 
based on the plotting of the log factor F(θ) as a function of the log(C) of the inhibitor, is to have the number of 
displaced water molecules the slope must be as close as possible to 1. 
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The Figure 7 shows the Bockris-Swinkels isotherm in different temperatures for the OEE in 0.5M 

H2SO4; 
 
It has been found that for a temperature of 298 K the active species or species move between 8 

molecules of water since the slopes found are 0.9896, for 308K the active species moves between 4 and 5 
water molecules - a slope of 1.0695 for n = 5-; finally for 318K the active species displaces 3 water molecules 
adsorbed a slope of 0.9246, these values are identical to those found for the 1/y parameter of the El-Awady 
isotherm, which confirms the results found since the value of 1/y gives the number of molecules displaced by a 
molecule of inhibitor adsorbed. 

 
There is confusion about the parameter y in the El-Awady isotherm, Ali Fathima Sabirneeza Abdul 

Rahiman and Subhashini Sethumanickam [62] say that a high value of it allows to say that a single active 
molecule allows to replace 3 to 4 molecules of water, and that a low value of 1/y suggests an adsorbed layer 
formed of several layers, for Joshua Olusegun Okeniyi [38]  a value of 1/y> 1 confirms the formation of a 
multilayer, but for A.S. Fouda et al [63] the value of 1/y represents the number of active sites occupied by a 
single inhibitory molecule, in our case the value of 1/y in the El-Awady isotherm is the number of water 
molecules displaced by the adsorption of a single inhibitor molecule. 

 
KINETIC/THERMODYNAMICS CONSIDERATIONS  
 

To study the effect of temperature on the adsorption behaviour of the OEE in 0.5M H2SO4, 
gravimetric tests were carried out in three temperatures 298K, 308K and 318K, the results are shown in Table 
3, the equation (13) represents the Arrhenius equation for calculating the activation energy 𝐸𝑎

∗  of the 
corrosion process [59,62,64], the values are calculated from the slope of the equation (13) the results found 
are shown in Table 9, while the lines are in Figure 8(left). 
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Where Cr is the corrosion rate, R is the perfect gas constant, T is the temperature, A is the 

preexponential factor of Arrhenius. 
 

Several authors calculating enthalpy of activation ∆𝐻𝑎
∗  and entropy of activation ∆𝑆𝑎

∗  [39]65], in order 
to verify the nature of the adsorption, these two parameters are calculated from the equation (14). 
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where h is Plank's constant, N is Avogadro’s number. 
 
The lines are shown in Figure 8(right), the enthalpy of activation was calculated from the intercept 

while the entropy of activation was calculated from the slope, the results presented in Table 9. 
 
According to Table 9, the activation energy (𝐸𝑎

∗) increases when the first two concentrations are 
added and then decreases with respect to that of the solution with sulfuric acid alone, it is shown in the 
literature that the increase of (𝐸𝑎

∗) is synonymous with a physisorption [64,66], on the other hand, the 
decrease of this parameter implies a chemisorption [62,67,68], in our case we can assume that we have a 
mixture of the two types of adsorption since the activation energy barrier of the corrosion process decreases 
and increases for the OEE in the 0.5M H2SO4 compared to that of the sulfuric acid alone, similar results were 
found by Yangyang Guo et al [69] for 1-vinyl-3-aminopropylimidazolium hexafluorophosphate in 1M HCl, Ali A. 
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Abd-Elaal et al [70] found the same things for Gemini quaternary G1000Br surfactants are activation energy at 
decreased compared to that of white at the concentration of 5.10-5M, Yangyang Guo et al [69] shows that 1-
vinyl-3-aminopropylimidazolium hexafluorophosphate 1-vinyl-3-aminopropylimidazoliumtetrafluoroborate 
([VAIM] [PF4]) is chemically adsorbed on carbon steel despite a high value compared to blank, in our study it 
can be assumed that there is both phenomenon during the adsorption of active species on the surface of C38 
steel, this may explain the value obtained from the parameter b of the Adejo-Ekwenchi isotherm increases 
with increasing temperature. It is known in the literature that a positive valueimplies an endothermic 
phenomenon of the dissolution of metal [71,72], according to Moses M. Solomon et al  [73] a value of ∆𝐻𝑎

∗ is 
lower than that of 𝐸𝑎

∗  which is in agreement with the formula: 
 

* *

a aE H R T− =              (15) 

 
We also notice that we have large negative values of ∆𝑆𝑎

∗ the activated complex in the rate 
determining step is an association rather than dissociation step meaning that a decrease in disordering takes 
place on going from reactants to the activated complex  [22,74,75]. 
 

According to Hassan Ramzi et al [16] found that essential oils of Origanum elongatum contained 
carvacrol (67.34% -81.72%), γ-terpinene (3.29%-10.75%), para-cymene (3.62%-7.81%) and thymol (1.79%-
9.17%) are the majority compounds, and the study done by V. Vorobyova et al [76] who studied the inhibitory 
effect of carvacrol in 0.5 M Na2SO4 for mild steel and found an efficacy of 99.87% at a concentration of 
600mg/L. 
 

Table 1. Different parameters of linear polarization of the OEE in the H2SO4 0.5M 

 

C (g/L) 
βa 

(mV) 
βc 

(mV) 
Ecorr 

(mV/ESC) 
Jcorr 

(μA/cm²) 
E % 

0 23.6 41.6 -399.446 316.471 -- 

0.1 10.3 22.5 -368.842 98.682 68.82 

0.2 25.2 77.9 -384.198 79.133 75.00 

0.4 21.3 68.6 -376.374 75.816 76.04 

0.8 25.0 61.5 -381.948 69.207 78.13 

1 18.7 85.7 -365.607 56.426 82.17 

 
Table 2. Electrochemical parameters deduced by EIS method for mild steel C38 in 0.5M H2SO4 in the absence 

and presence of various concentrations of OEE. 
 
 
 
 
 

 

 

 

 
 
 

 

 

 
 

 

C (g/L) 
Rs 
(Ω) 

Qdl.104 (F.sn-1) n Cdl.104 (F) 
Rct 
(Ω) 

%E 

Blank 1.383 5.78 0.883 3.17 18.42 -- 

0.1 1.492 2.05 0.898 1.22 50.54 63.55 

0.2 1.558 2.26 0.888 1.31 58.51 68.52 

0.4 1.645 2.06 0.889 1.19 60.00 69.30 

0.8 1.518 2.42 0.889 1.43 61.28 69.94 

1 3.286 1.73 0.902 1.06 67.47 72.70 
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Table 3. Corrosion parameters obtained of mild steel C38 in 0.5M H2SO4 solutions with and without addition 
of various concentrations of OEE. 

 

C (g/L) 
Cr (g.cm-2.h-1).103 %E 

298 K 308 k 318 K 298 K 308 K 318 K 

0 2.48 3.88 8.10 - - - 

0.1 0.754 1.22 3.02 69.58 62.50 62.24 

0.2 0.694 1.08 2.91 71.97 66.61 63.60 

0.4 0.689 0.961 2.06 72.20 70.35 74.27 

0.8 0.620 0.908 2.04 74.96 71.98 74.55 

1 0.607 0.848 1.81 75.49 73.85 77.44 

 
Table 4. Different types of isotherm used for fitting results of OEE in 0.5M H2SO5 

 

Isotherms Equation Parametrs signification 

Langmuir 
modified 

ads

C n
nC

K
= +

 

n represents the slope [33]. 

Flory–
Huggins 

( ) ( )log log log 1adsK x
C




 
= + − 

   

x is the number of active sites occupied by a 
single adsorbed molecule [34]. 

Frumkin 
log 2,303log 2

1
adsC K






  
= +  

− 
 

α in this equation represents the interaction 
between the adsorbed species [35]. 

El-Awady log log log
1

K y C




 
= + 

−   

The value of y gives information on the nature of 
the adsorbed layer, if y> 1 a multilayer is formed 

whereas if y<1 a monolayer [36]. 

Freundlich log log logadsK n C = +
 

n describes the ease with which the active 
species adsorb on the metal surface, generally it 
is known that a value of n between 0 and 1 the 

adsorption is easy while a value n ≥ 1 the 
adsorption is moderate or dificult [37]. 

Temkin 
2,303log 2,303log

2 2

adsK C

a a
 =

−
−

 

a gives an idea of the interaction within the 
adsorbed layer [38]. 

Adejo-
Ekwenchi 

1
log( ) log log

1
adsK b C


= +

−  

b is the variation factor, it gives the link between 
the recovery rate and the concentration of the 

solution.[39] 

 
Table 5.  Different isotherms and their parameters 

 

 
T(K) Slope Intercept R² n Kads (L/g) 

0

adsG  

(kJ/mol) 

Langmuir 

298 1.310 0.018 0.9998 1.31 7.16.101 -27.70 

308 1.333 0.033 0.9997 1.33 4.09.101 -27.19 

318 1.258 0.046 0.9988 1.26 2.71.101 -26.99 
 

    x   

Flory–Huggins 

298 23.340 13.937 0.9419 23.34 8.65. 1013 -96.63 

308 14.198 7.923 0.9817 14.20 8.38.107 -64.41 

318 8.022 4.975 0.8769 8.02 9.44.104 -48.55 
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    α   

Frumkin 

298 18.998 -13.847 0.9597 9.50 9.71.10-7 17.19 

308 11.105 -7.756 0.9854 5.55 4.29.10-4 2.17 

318 7.733 -5.600 0.9426 3.87 4.09.10-3 -3.73 
 

    A   

Temkin 

298 0.056 0.753 0.9489 -20.38 2.14.1013 -93.17 

308 0.108 0.738 0.9793 -10.69 7.09.106 -58.08 

318 0.159 0.774 0.8988 -7.25 7.47.104 -47.93 
 

    1/y   

El-Awady 

298 0.124 0.484 0.9470 8.08 8.16.103 -39.43 

308 0.217 0.447 0.9826 4.60 1.14.102 -29.82 

318 0.329 0.529 0.9001 3.04 4.03.101 -28.04 
 

    n   

Freundlich 

298 0.034 -0.123 0.9497 0.04 7.53.10-1 -16.41 

308 0.069 -0.131 0.9752 0.07 7.39.10-1 -16.91 

318 0.100 -0.110 0.8982 0.10 7.76.10-1 -17.59 

     b   

Adejo-
Ekwenchi 

298 0.090 0.6069 0.9455 0.09 1.23 -17.63 

308 0.148 0.5782 0.9844 0.15 1.41 -18.57 

318 0.230 0.6393 0.8999 0.23 1.70 -19.66 

 
Table 6.  RL Values for Langmuir Isotherm for All Temperatures 

 

C 
(g/L) 

Langmuir 
298K 308K 318K 

0.1 0.123 0.197 0.269 
0.2 0.065 0.109 0.156 
0.4 0.034 0.058 0.084 
0.8 0.017 0.030 0.044 
1 0.014 0.024 0.036 

 
Table 7.Free energy of adsorption, enthalpy of adsorption and entropy energy of adsorption of the OEE. 

 
 
 

 

 

 

 
 

Table 8.  Dubinin-Radushkevich parameters 
 

 
 

 

 

 
 

T (K) 
0

adsG   

(kJ/mol) 

0

adsH  

(kJ/mol) 

0

adsS

(J/mol. K) 

298 -27.70 

-38.195 

-35.22 

308 -27.19 -35.73 

318 -26.99 -35.24 

T (K) R² a (mol²/KJ) E (kJ/mol) 

298 0.8854 0.0232 4.6424 
308 0.9822 0.0459 3.3005 
318 0.8657 0.0611 2.8606 
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Table 9. Activation parameters of the dissolution of C38 in 0.5M H2SO4in the absence and presence of 

various concentrations of OEE. 

 

C 
(g/L) 

*

aH

(kJ/mol) 

*

aS

(J/mol.K) 

*

aE

(kJ/mol) 

A 
(g.m-2.h-1) 

* *

a aE H−

(kJ/mol) 

0 43.50 -149.29 46.06 2.78.105 2.5582 

0.1 51.96 -131.05 54.52 2.50.106 2.5601 

0.2 53.68 -126.09 56.24 4.54.106 2.5601 

0.4 40.39 -170.59 42.95 2.15.104 2.5601 

0.8 44.09 -159.05 46.65 8.62.104 2.5582 

1 40.17 -172.36 42.73 1.74.104 2.5601 

 

 
 

Figure 1 Polarization curves of the OEE in H2SO4 0.5M on C38 steel.

 
Figure 2 EIS (left) bode diagrams (right) for mild steel C38 in 0.5M H2SO4 with different concentrations of 

OEE at 298K. 
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Figure 3 Equivalent circuit used to fit the experimental result. 
 

 

 
Figure 3 Isotherms used to choose the one from which we will make the kinetic calculations. 

 

 

Figure 4 Thermodynamic parameters for the adsorption of OEE onto the mild steel surface in 0.5M H2SO4. 
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Figure 5 Dubinin-Radushkevich isotherm for OEE. 

 

 

Figure 6 Bockris-Swinkels isotherm in different temperatures for the OEE in 0,5M H2SO4 

 
 

Figure 7(left) Arrhenius plots of log (Cr) versus 1/T, (right) and log (Cr/T) versus 1/T in the absence and 
presence of different concentrations of OEE in 0.5M H2SO4. 

 
CONCLUSION 

 
(1) Electrochemical tests show that; according to the linear polarization the extract acts as a mixed 

inhibitor with an anodic tendency, electrochemical impedance spectroscopy shows that the active 
species of the extract act by adsorption on the metal surface with an increase in the thickness of the 
adsorbing layer as the concentration of the extract increases.  

(2) The fitting of the results by several isotherms shows that the Langmuir isotherm is the best adapted for 
this study, despite the fact that all the isotherms have a correlation coefficient R² close to 1. 

(3) Thermodynamic calculations show that there is a mixture of physisorption and chemisorption between 
the active species of the extract and the metal surface. 

(4) The kinetic study concludes that the metal dissolution is endothermic. 
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