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ABSTRACT. The restraining impact of plant extract towards corrosion of mild steel has been reviewed in this 
paper. The purpose of the present investigation is the utilization of Origanum vulgare (oregano) extract as 
environment friendly corrosion inhibitor of mild steel in HCl medium. Methods include weight loss, quantum 
chemical calculations and SEM. The outcomes revealed that the efficiency of Origanum vulgare increased with 
increasing its concentration reaching maximum of 91.2% at 1000 mg/L at 30 oC. Results showed that adsorption 
followed Langmuir adsorption isotherm. The adsorption attributes of chosen extract were hypothetically assessed 
by quantum chemical and the morphology of metal was studied by using SEM analysis. 
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INTRODUCTION 
 
Corrosion forms are responsible for various misfortunes, fundamentally with regards to 
industry. Corrosion is a steady and constant issue; it is often hard to dispose of it totally. 
Because of the brilliant mechanical properties and minimal effort, mild steel is broadly utilized 
as a constructional material in numerous businesses. Mild steel is a composite type of iron, 
which experiences corrosion effortlessly in acidic medium. Acidic solutions are widely utilized 
as a part of substance research facilities and in a few mechanical procedures, for example, 
corrosive pickling, corrosive cleaning, corrosive descaling and oil wet cleaning [1-5]. One of the 
most effective corrosion inhibitors of metals are organic compounds. The adsorption of these 
inhibitors is due to compound containing heteroatom, for example, nitrogen, oxygen and sulfur. 
These compounds which are adsorbed on the metallic surface may hinder the active sites of 
corrosion [6-8]. Despite the fact that numerous synthetic organic compounds showed good 
anticorrosive activity, most of them are lethal to both people and nature. Due to the ecological 
necessities for eco-friendly corrosion inhibitors, there is a growing interest in the use of natural 
products such as leaves or seeds extracts. It has been found that Origanum vulgare is a good 
inhibitor for aluminum corrosion but mild steel corrosion inhibition by Origanum vulgare has 
not been investigated [9-11]. 

Considerable studies are being done to focus on the search of eco-friendly corrosion 
inhibitors. According to literature a lot of work has been done to study plant extracts as effective 
corrosion inhibitors [12]. Besides being cheap the plant extracts are non toxic and environment 
friendly. Some of the eco-friendly plant extracts used as steel corrosion inhibitors includes 
Gossipium hirsutum L. [13], mentha [14], mustard [15], Artemisia [16], Dianilis [17], Berberine 
[18], and Sichuan pepper [19]. We spotted that these extracts have shown excellent corrosion 
inhibition of mild steel [20]. It was seen that corrosion inhibition varied generally with 
immersion time, temperature and concentration of inhibitor. 

In the present work, an attempt has been made to explore the possibility of oregano as 
corrosion inhibitor of mild steel in acidic medium. The active constituents of oregano 
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(Origanum vulgare) include thymol and carvacrol. As seen from the molecular structures, these 
constituents contain heteroatom (oxygen) which can prove to be very effective for the corrosion 
inhibition. The molecular structures of thymol and carvacrol can be shown as below: 

 

OH

Carvacrol

a)

                                    

OH

Thymol

b)

 
 
Figure 1. Active constituents of oregano (Origanum vulgare). 

 

 EXPERIMENTAL  
 
Materials and material preparation 
 
Dried oregano plant leaves were refluxed for 5 h which were soaked in deionized water. After 
refluxing, aqueous solution was filtered and concentrated to 100 mL. The desired inhibitor 
concentrations (400 mg/L to 1200 mg/L) were obtained by adding calculated amount of plant 
extract to standard HCl solution [18]. The corrosive medium (1, 2, 3, 4 and 5 M) was prepared 
by using 35% HCl from Rankem chemicals with distilled water. 
 
Weight loss method 
 
The specimen of mild steel used for the weight loss studies was composed of Fe (99.30%), C 
(0.076%), Si (0.026%), Mn (0.192%), Cr (0.050%) and Ni (0.050%). The coupons of this 
specimen were cut in the dimensions of 2 x 2 cm2. These coupons were then degreased by 
emery papers of grade numbers 100 to 600. The coupons were mechanically cleaned followed 
by cleaning with emery sheet of fine quality to uncover sparkling cleaned surface. To evacuate 
any oil and organic impurities coupons were degreased with acetone and with de-ionized water, 
dried and put away in desiccators. Exact weight of the samples was taken utilizing electronic 
balance. After immersion of these coupons in acid solutions, these were washed with saturated 
solution of sodium bicarbonate and then acetone and were weighed gain. The weight loss was 
calculated using the formula [21-23]: 
 

ƞ	% =
�����

��
	�	100                                (1) 

 
ƞ % represents the inhibition efficiency; W0 and Wi represent the initial and final weight 
respectively. The corrosion rate was also obtained by using the below formula: 
 

�� =
��.�	�

�.�.�
                                          (2) 

 
where, Cr represents the corrosion rate, w is the total weight loss, A is the area of specimen, t is 
the time and D is the density of metal. 
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Quantum chemical analysis 
 

In order to correlate the inhibition efficiency with the molecular properties of inhibitor, quantum 
chemical analysis was done which gives us information about the molecular structure and 
reactivity of inhibitor. Quantum chemical analysis was performed using the MNDO and AM1 
method of the quantum chemical package MOPAC 6.0 of Hyperchem 7.5. Some of the 
important parameters determined include EHOMO, ELUMO, ELUMO-EHOMO, dipole moment (μ) and 
binding energy (BE). All these parameters have individual effect on the corrosion inhibition 
efficiency of inhibitor. 
 

Scanning electron microscopy 
 

For SEM analysis, the mild steel coupons were immersed in 100 mL of 1 M HCl in the presence 
and absence of optimum concentration of the two inhibitors, separately, for 1 h. Then they were 
removed, rinsed quickly (with sodium bicarbonate, water and acetone) and dried. The surface 
morphology of the metal coupons was determined and recorded using scanning electron 
microscope. 

RESULTS AND DISCUSSION 
 

Weight loss measurements 
 

Weight loss measurements were performed in order to find the corrosion inhibition efficiency of 
oregano on mild steel in acidic medium. The measurements were performed at different 
temperature and different concentrations of inhibitor. The variation of inhibition efficiency with 
the concentration of inhibitor was performed at 30 oC in 1 M of HCl and it was seen that with 
increase in the concentration of inhibitor, the inhibition efficiency increases. This could due to 
increase in the components of inhibitor blocking the active site of metal from acidic attack and 
forming a protective layer [24]. Table 1 clearly shows the variation of inhibition efficiency at 
different concentrations of inhibitor. 
 
Table 1. Calculated values of inhibition efficiency, corrosion rate and surface coverage with and without 

different concentrations of inhibitor at 30 oC. 
 

Concentration (mg/L) Ƞ % Corrosion rate Θ 
Blank (1 M)  95.3  

400 59 39 0.59 
600 74 25.07 0.74 
800 82.45 16.7 0.82 

1000 91.22 8.35 0.91 
1200 93.38 6.24 0.93 

 
The variation of inhibition efficiency with concentration was studied and data showed that 

when we increase the concentration in presence of inhibitors, efficiency also increases and it is 
due to adsorption mechanism. It is also observed that with increase in temperature, inhibition 
efficiency decreases. This impact can be ascribed to the desorption of adsorbed inhibitor 
particles from the metal surface because of which more prominent surface area of metal 
interacted with the corrosive environment bringing about the expanded corrosion rates [25, 26]. 

The variation of inhibition efficiency with temperature is studied and it was clear that while 
increasing the temperature from 298 to 313 K efficiency decreases temperature. As the 
temperature increases, inhibition efficiency decreases and corrosion rate increases. From weight 
loss technique the good efficiency was obtain at 30 oC due to decrease in the adsorption of 
inhibitor molecules.  
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Thermodynamic parameters are important to understand the mechanism of adsorption. The 
different values of different thermodynamic parameters give us ideas about mode of adsorption 
and spontaneity of a reaction. Arrhenius equation was used to know the activation energy: 
 

�� = �exp �
���

��
�																																					                  (3) 

 
where Cr is the corrosion rate (%), Ea is the activation energy (J), R is the gas constant (J.mol-1. 
K-1) and T is the temperature (K). Figure 2 represents the Arrhenius plot of with blank HCl and 
inhibitor. 

 
Figure 2. Arrhenius plot of blank 1 M of HCl and inhibitor. 

 
It is evident from the plot above that activation energy of blank HCl is lesser than that of 

inhibitor, this can be attributed to the fact that physical barrier formed as a result of adsorption 
of inhibitor molecules on the surface of mild steel [28, 29]. The enthalpy of activation was 
calculated by using Eyring equation: 
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��
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��                    (4) 

 
where, h is the planks constant (J.s), N is the Avogadro’s number; ΔH is the enthalpy of 
activation (KJ/mol) and ΔS is the entropy of activation (J/K). The Eyring plot between log CR/T 
vs. 1000/T gave a straight line with slope equal to –ΔH/R, from the values of this slope, the 
values of ΔH was elucidated.  

Gibb’s free energy is one of the most important factors in determining the spontaneity of 
reaction. The value of Gibb’s free energy was calculated by using the below formula: 

 

∆�°
��� = 	−2.303	�� log(55.5	����)                                          (5) 

 
The molar concentration of water I a solution is 55.5 mol.L-1 [22]. The values of	∆�°

���, ΔH°
ads 

were used to determine the values of entropy of activation from the below equation: 
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∆�°
��� = 	∆�°

��� − �∆�°
���                                                      (6) 

 
All the calculated values of thermodynamic parameters are given in Table 2. The mode of 
adsorption is spontaneous and indicates physical adsorption as indicated by the negative value 
of ΔG°

ads [30].  The endothermic nature of adsorption was elucidated by the positive value of 
ΔH°

ads 

Higher value of ΔH°
ads in presence of inhibitor than blank indicates the metal dissolution is 

less due to the formation of protective layer of inhibitor on metal surface [31]. Positive value of 
ΔS is an indication that system disordering increases due to the formation of protective layer. 
 
Table 2. Calculated values of thermodynamic parameters for a solution containing 1 M of HCl and 1000 

mg/L of inhibitor. 
 

Inhibitor Ea (kJ.mol-1) ∆H (kJ.mol-1) ∆Gads (kJ.mol-1) ∆So (J.mol-1) 
1 M HCl (blank) 68.46 28.60 -5.502 112.5 

Origanum vulgare 111.9 47.47 -12.05 196.4 

 
Adsorption isotherms play an important role in determining the mechanism of adsorption. 

Generally two adsorption isotherms are considered via Freundlich and Langmuir adsorption 
isotherm. 

Langmuir isotherm;	
�

	���
= �����                              (7) 

Freundlich isotherm;	� = 	�����                               (8) 

where, C is the concentration of inhibitor, Kads is the equilibrium constant and Ɵ is the surface 
coverage. Figure 3 shows the plot of log C/Ɵ vs. Log C gave a straight line with slope almost 
equal to 1, indicating that the best linear fit of adsorption obeys Langmuir adsorption isotherm 
[31]. 

 
 
Figure 3. Langmuir adsorption isotherm plot for corrosion of mild steel in acidic medium. 
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Quantum chemical study 
 
The molecular properties and reactivity of inhibitor was studied by using quantum chemical 
techniques. Some of the important parameters estimated include EHOMO, ELUMO, ELUMO-EHOMO, 
dipole moment, etc. Figures 4, 5 (a, b) indicate the HOMO and LUMO of carvacrol and thymol, 
respectively. The molecular structure of carvacrol and thymol shows that the molecules seems to 
adsorb on steel surface by sharing of electrons of the nitrogen and oxygen atoms with iron to 
form coordinated bonds and π-electron interactions of the aromatic rings. 
 

 
 

Figure 4. (a) HOMO of carvacrol and (b) LUMO of carvacrol. 
 

 
 

Figure5. (a) HOMO of thymol and (b) LUMO of thymol. 
 

The negative value of binding energy suggests stability of the protective layer formed. The 
negative value of heat of formation indicates that the formation of activated complex between 
metal surface and inhibitor is stable. From the higher value of dipole moment it is clear that the 
inhibition efficiency is higher because of the higher polarization. The inhibition efficiency 
varies directly with increasing values of EHOMO and inversely with decreasing values of ELUMO. 
Lower ∆E values suggest better is the inhibition efficiency of the inhibitor. Table 3 gives the 
data of all the quantum chemical parameters of carvacrol and thymol [31]. 
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Table 3. Quantum chemical parameters of oregano. 
 

 Total energy 
kcal/mol 

Binding 
energy 

kcal/mol 

Electronic 
energy 

kcal/mol 

Heat of 
formation 
kcal/mol 

Molecular 
point 
group 

Dipole 
moment 

EHOMO 

(eV) 
ELUMO 

(eV) 
∆E 

(ELUMO-
EHOMO) 

(eV) 
Thymol -41505 -2542 -220319 -44.31 C1 1.225 -8.835 0.2964 9.131 

Carvacrol -41506 -2543 -218066 -45.58 C1 1.075 -8.849 0.0451 8.894 
 

Mechanism of adsorption 
 

The mechanism of adsorption can be understood by the clarification of interaction between the 
inhibitor molecules and metal surface. In HCl, with respect to potential zero charge, steel is 
positively charged. Figure 6 shows that inhibitor may adsorb on the metal/acid solution interface 
by the following ways: (i) donor-acceptor interactions between the p-electrons of aromatic ring 
and vacant p-orbitals of surface mildsteel atoms and (ii) interaction between unshared pair of 
heteroatoms and vacant d-orbitals of surface mild steel atoms [32]. 

 
Figure 6.  Representing interaction between the inhibitor molecules and metal surface. 
 

Scanning electron microscopy 
 

The surface analysis of mild steel immersed in HCl and inhibitor was done. It is clear from the 
(Figure 7a, b, c) showing the SEM micrographs of polished  mild steel, mild steel immersed in 
HCl and mild steel immersed in inhibitor solution that (b) has rough surface with cavities and 
pores whereas (c) has lesser cavities and less rough surface. Thus, it can be thought of an 
evidence of adsorption of inhibitor on the surface of mild steel [33, 34]. 
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Figure 7. (a) Polished mild steel, (b) mild steel with 1M HCl and (c) mild steel with oregano 
extract in 1 M of HCl. 

 

CONCLUSION 
 
The studied inhibitor showed efficient inhibition properties for corrosion of mild steel in 1 M 
HCl and its inhibition efficiency increased with the increase in the concentration. At 1000 mg/L 
concentration of inhibitor, 91.2% inhibition efficiency was recorded. The positive values of ∆H 
were obtained which indicated adsorption process was endothermic in nature. Adsorption of 
these compounds on mild steel surface has been found to obey Langmuir adsorption isotherm. 
The results obtained from weight loss measurements, scanning electron microscopy images and 
quantum chemical calculations were in reasonable agreement. 
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