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Abstract. The present work aims to valorize an aromatic and medicinal plant of Eucalyptus globulus found in the region 

of Dakar, Senegal. To do so, we first extracted the essential oil contained in the leaves of the plant harvested in October 

2020.  We obtained the essential oil by hydrodistillation using a Clevenger type extractor with a yield of 1.70% of the dry 

plant mass. This value is quite appreciable compared to the different values in the literature. The essential oil extracted 

from the leaves of Eucalyptus globulus was tested as a green inhibitor on carbon steel type XC38 in 1M HCl acid medium 

by the mass loss method. The results obtained led to a maximum inhibitory efficiency of 89.03% for a concentration of 

1.6 g/L of essential oil at room temperature of 298 K. The effect of temperature on the inhibitory behavior of the essential 

oil was also studied over a range of 298 K to 338 K. In this temperature range, a loss of efficiency was observed with 

increasing temperature, reaching a value of 15.33% at 338 K. Thermodynamic quantities were then determined. The plot 

of the different isotherms showed that the adsorption of the essential oil obeys the Langmuir isotherm. The results obtained 

showed a physical character of adsorption of this essential oil. 
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1. Introduction  

Corrosion is a phenomenon of material degradation. 

This phenomenon most often affects the industrial 

sector, particularly the construction sector, but also the 

aeronautical industry, the chemical and petrochemical 

industry, the automotive industry, etc. [1]. Today, it can 

be noted that steel is the basis of mass production in 

many industrial sectors, particularly those mentioned 

above. This material is largely affected by corrosion, 

especially from aggressive solutions. However, the 

aggressive solutions such as acids are also widely used 

in the industrial sector for pickling, acid cleaning, 

removal of localized deposits, oil well stimulation [2, 3]. 

As a result, the aggressive nature of these acid solutions 

and their use in the presence of steels has led research to 

focus on the implementation of means of protecting 

steels in an acid environment. Among these means of 

protection, we find corrosion inhibitors. It should be 

noted that most of the inhibitors used in an acid 

environment are of the synthetic organic type [4-9]. 

However, the disadvantage of these types of inhibitors 

lies in their high toxicity as well as the harmful impacts 

they can have on the environment. In order to overcome 

these drawbacks, research has now turned to the use of 

natural substances. In our research team, a lot of work 

has been done in the past on the use of these natural 

substances as corrosion inhibitors for metallic materials. 

 
* Corresponding author. E-mail address: malickbathily@gmail.com (Malick Bathily). 

We can cite the work on the evaluation of the inhibiting 

action of the volcanic clay tuffs of Bafoundou carried 

out by D. Gassama et al. [10, 11], as well as their work 

on the evaluation of the inhibiting action of clay 

compounds of the sedimentary montmorillonite type as 

corrosion inhibitors for E400 reinforcing steel [11]. 

These studies resulted in inhibitory efficiencies of up to 

70% for volcanic clay tuffs and up to 62% for 

montmorillonite. Various studies have also been carried 

out on the evaluation of the inhibitory efficiencies of 

natural compounds such as natural oils and essential oils 

extracted from various parts of plants, we can give the 

example of the work carried out by K. Cissé et al. [12], 

on the evaluation of the inhibitory effectiveness of the 

essential oil of Cyperus articulatus on the corrosion of 

S235 steel in HCl medium and their studies resulted in 

an optimal inhibitory efficacy of 92%. Although other 

inhibitor types essential oils have been developed in 

recent years, such as Eucalyptus camaldulensis and 

Cyperus rotundus essential oils [13], but also 

chamomile essential oil [14], Mentha pulegium essential 

oil [15], prickly pear seed oil [16], essential oil extracted 

from Carum carvi L species [17], etc. In one of our 

previous works, we made an overview of most of the 

natural substances extracted from various parts of plants 

with rather high inhibition rates on different metallic 

materials in acidic medium [18]. This work has shown 
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the growing interest in the use of natural substances as 

inhibitors around the world over the last two decades.  

The objective of this research work is to study the 

corrosion inhibition process of XC38 steel in 1M 

hydrochloric acid medium by the essential oil extracted 

from Eucalyptus globulus leaves. This study will be 

done using the gravimetric measurement method.  

In the literature, a number studies have been carried 

out on the chemical composition of Eucalyptus globulus 

essential oils. In the European pharmacopoeia, 

Eucalyptus globulus essential oil has a composition of 

0.05 to 10% α-pinene, 0.05 to 1.5% β-pinene, maximum 

0.3% sabinene, 0.05 to 1.5% α-phellandrene, 0.05 to 

15% limonene, minimum 70% 1,8-cineole and 

maximum 0.1% camphor.  

Studies carried out by Kumar et al. [19] by gas 

chromatography coupled with mass spectroscopy show 

that the essential oil of Eucalyptus globulus is composed 

mainly of 1,8-eucalyptol with a percentage of 33.62%, 

other compounds such as α-pinene with a percentage of 

14.10%, D-limonene representing 10.09% of the 

composition, 1,4-cineol at 4.07%, α-terpinolen at 

5.95%, α- terpineol at 4.72%, β-pirene at 3.70%, β-

myrcene at 1.88%, terpineol at 2.42%. 

If we refer to the work carried out by Almas et al. 

[20], we find 1,8-eucalyptol as the majority component 

but with a percentage of 51.62% lower compared to 

what is found in the European pharmacopoeia. The α-

pinene is represented at a rate of 23.68%, then we have 

p-cymene (10%), β-myrcene (8.74%), terpinen-4-ol 

(2.74%), γ-terpinene (2.59%), camphene (0.37%), 

citronellal (0.20%), α-terpineol (0.08%) and many other 

compounds in trace amounts. 

The results obtained in the first study are more in line 

with those in the pharmacopoeia. 

2. Experimental  

2.1. Materials  

The plant material, consisting of leaves of Eucalyptus 

globulus growing in a spontaneous state, was collected 

in October 2020 in the region of Dakar. After harvesting, 

the freshly harvested plant material was cleaned, sorted 

and freed of various artefacts. The resulting product was 

extended in the laboratory for drying for 15 days at room 

temperature and protected from light. It was then 

recovered and ground in a grinder before extraction. 

2.2. Methods 

The extraction of the essential oil from the leaves of 

Eucalyptus globulus was carried out by hydrodistillation 

using a Clevenger type apparatus according to the 

technique described by the European Pharmacopoeia 

[21]. The resulting oil was dried over anhydrous sodium 

sulfate (Na2SO4) and stored at 4 °C in a dark bottle until 

use. 

The yield (r) of essential oil was determined relative 

to the dry matter. It is expressed by the mass of essential 

oil (g) obtained for 100 g of dry plant matter. 

The aggressive solution, which is the corrosive 

medium, consists of a 1M  HCl solution prepared from 

a commercial 37% HCl  solution. 

The corrosion tests were carried out on XC38 (C35) 

type carbon steel plates whose percentage of elements 

other than iron is: C – 0.32-0.39; Si - 0.40 max.; P - ≤ 

0.035; Mn – [0.50 – 0.80]; Si -  ≤ 0.035.  
The mass loss measurements were carried out on 

steel sheets cut into rectangular plates with a surface 

area S = 4.99 cm2. These plates, which constitute the 

working electrode, were prepared before the 

measurements by successive mechanical abrasion using 

silicon carbide (SiC) papers of increasingly fine 

granulometry (400-600-1200). The samples were then 

rinsed with distilled water and dried with compressed air 

before immersion in 50 mL of the corrosive solution in 

the absence and presence of different concentrations of 

the essential oil extracted from the leaves of Eucalyptus 

globulus. The samples are immersed for one week (168 

hours). 

After the corrosion test, the steel plates were 

carefully washed with distilled water, degreased with 

ethanol and then dried in hot air. The plates were then 

weighed using a precision balance. 

For the determination of the temperature factor on 

the inhibitory effect of the essential oil of Eucalyptus 

globulus, we carried out a study in the temperature range 

from 298 to 338 K using gravimetric measurements in 

the absence and presence of the essential oil. For each 

temperature, the immersion time was set at 48 hours. 

During the study, we carried out the same pre-treatment 

of our steel plates as in the concentration effect study 

before immersing them in 50 mL of the corrosive 

solution. 

3. Results and discussion  

3.1. Extraction yield 

The Eucalyptus globulus leaves provided a yellowish 

colored essential oil with a very strong odor and an 

average yield of about 1.70% of the dry plant mass. The 

yield obtained is appreciable. Compared to those 

reported in the literature, the yield of our sample is quite 

similar to that obtained by Ghaffar et al. [22] who 

reported an average yield of Eucalyptus globulus 

essential oil obtained by hydrodistillation equal to 

1.91%. This yield is nevertheless much higher than that 

obtained by Boukhatem et al. [23] who chose to work on 

fresh leaves of Eucalyptus globulus from Blida (Algeria) 

and who obtained 0.96% of essential oil.  

The good yield is probably due to the pre-treatment 

that was imposed on the plant material prior to 

extraction as studies by Zrira et al. [24] have shown that 

drying in the open air and out of the sun has an impact 

on the yield.  

3.2. Gravimetric measurement 

3.2.1. Effect of concentration. Mass loss measurements 

were carried out in the concentration range of 

Eucalyptus globulus essential oil from 0.1 to 1.6 g/L at 

298 K for an immersion time of 168 hours in 1M HCl. 

The values of corrosion rate (Wcorr), inhibition 

efficiency (Ew %) and metal surface coverage (θ) are 

given by the following relationships: 

W =
∆m

S×t
    (1) 
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Ew =
Wcorr (0)−Wcorr (inh)

Wcorr (0)
× 100 (2) 

θ =
Ew

100
    (3) 

where: Δm - the difference in mass of the steel in mg, 

before and after its immersion in the corrosive solution; 

S - the surface area of the steel in cm2; t - immersion time 

in h; Wcorr (0) and Wcorr (inh) expressed in mg/h·cm are the 

corrosion rates of XC38 steel in the absence and 

presence of the inhibitor respectively.  

The results obtained for the corrosion rate (Wcorr), 

inhibition efficiency (Ew %) and recovery rate (θ) are 

recorded in Table 1. 

 

Table 1. Gravimetric corrosion results of XC38 steel in 1M HCl acid medium in the absence and presence of different concentrations 

of Eucalyptus globulus essential oil at 298 K during 168 h immersion 

C (g/L) 0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1 1.1 1.2 1.3 1.4 1.5 1.6 

W (mg/h·cm2) 0.74 0.45 0.42 0.38 0.35 0.31 0.26 0.20 0.16 0.11 0.11 0.11 0.10 0.09 0.08 0.09 0.08 

Ew (%) - 38.8 44.2 49.0 53.3 57.9 65.3 73.1 78.2 84.8 85.1 85.5 87.0 87.9 88.78 88.99 89.03 
 

Figure 1 shows the variation of the corrosion rate 

(Wcorr) of steel in 1M HCl and the corresponding 

inhibitory efficiency (Ew (%)) as a function of the 

different concentrations of the essential oil studied. 

 

Figure 1. Variation in corrosion rate (Wcorr) and inhibitory 

efficiency (Ew) of corrosion of XC38 carbon steel in 1M HCl 

acid medium in the absence and presence of different 

concentrations of Eucalyptus globulus essential oil at 298 K 

during 168 h immersion. 

The data in Table 1 and Figure 1 show a clear 

variation in the corrosion rate and inhibiting 

effectiveness of the essential oil as a function of its 

concentration. Indeed, the corrosion rate decreases 

while an increase in efficiency is observed. This can be 

explained by an increase in the surface area covered by 

the absorption of the essential oil components on the 

steel surface by increasing the protection of the steel 

surface against corrosive ions. This protection is 

achieved by blocking the active sites, thus creating a 

protective film at the steel/solution interface [25]. 

According to the data obtained during the 

measurements, the addition of 0.1 g/L of essential oil of 

Eucalyptus globulus in the aggressive medium reduces 

this corrosion rate by 39% and reaches a maximum of 

89% at 1.6 g/L. 

3.2.2. Effect of temperature. The influence of 

temperature is a very important factor on the 

effectiveness of inhibitors. Indeed, a study has made it 

possible to classify the inhibitors according to the action 

of temperature.  

The study of the effect of temperature was carried 

over a range between 298 and 338 K, using gravimetric 

measurements in the absence and presence of 1.6 g/L of 

essential oil during 48 hours of immersion in 1M HCl 

medium. The temperature variation was carried out 

using a water bath. The corrosion rate and inhibitor 

efficiency data observed for each temperature are 

presented in Table 2. 

Table 2. Effect of temperature on the corrosion of XC38 steel 

in 1M HCl acid medium in the presence and absence of 1.6 

g/L of essential oil of Eucalyptus globulus during 48 h of 

immersion 

T  

(K) 

Winh  

(mg/cm2 h) 

W0  

(mg/cm2·h) 

Ew  

(%) 

298 0.0483 0.4245 89.03 

308 0.1396 0.6538 78.65 

318 0.2888 1.1441 74.76 

328 0.5789 1.1575 49.98 

338 0.9811 1.1587 15.33 

An analysis of these data shows a clear increase in 

corrosion rate with temperature in the control solution. 

The increase in temperature causes an increase in the 

corrosion rate both in the absence and in presence of the 

inhibitor. Indeed, the evolution of the corrosion rate in 

the corrosive solution alone (HCl 1M) shows a regular 

and rapid growth until a temperature of 318 K 

confirming an acceleration of the reaction kinetics until 

a maximum is reached at 318 K then a stabilization of 

this rate is observed even with the increase of the 

temperature. However, the increase in the corrosion rate 

in the presence of the essential oil is lower than for the 

solution without essential oil. This increase in speed is 

continuous up to a temperature of 338 K, contrary to 

what was observed in the absence of the essential oil. 

This result confirms that the essential oil studied is a 

good inhibitor in the chosen temperature range. 

However, although we have a lower increase in the 

corrosion rate in the presence of essential oil than in the 

absence of it, we have a loss of the inhibiting efficiency 

(Ew) of the essential oil of Eucalyptus globulus. The 

efficiency decreases in the temperature range until 

reaching 15.33% at 338 K. This is probably due to the 

deterioration of the physically adsorbed layer on the 

steel surface. This physical adsorption phenomenon, 

also called physisorption, is related to the van der Waals 

type bonds between the metal surface and the inhibitor, 

which tend to disappear with an increase in temperature 

[26]. This same phenomenon of a decrease in the 

inhibition rate was observed by G. Karthik et al. [27]. 

They concluded that the increase in temperature would 

favor a desorption of the inhibitor and a rapid dissolution 

of the organic compounds or complexes that form, 
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causing a decrease in the corrosion resistance of the 

steel. The same phenomenon was explained by E.F. 

Olasehinde et al. [28] as an increase in the dissolution 

rate of mild steel and partial desorption of the inhibitor 

from the metal surface with increasing temperature. 

3.2.3. Thermodynamic parameters  

In acidic solution, the Arrhenius-type dependence 

observed between the corrosion rate and temperature, 

allowed us to calculate the value of the activation energy 

of the corrosion process, at different temperatures, in the 

absence and presence of the inhibitor, according to the 

following relation [29]: 

Wcorr = k exp (−
Ea

RT
)  (4) 

where: Wcorr is the corrosion rate of the steel in (mg/h. 

cm2), Ea is the activation energy (kJ/mol), R is the 

perfect gas constant (8.32 J/K·mol), k is a pre-

exponential factor, T is the absolute temperature in K. 

By plotting Arrhenius diagrams [ln (W) = f (1/T)], 

the apparent activation energies can be determined from 

their slopes. This plot is show in Figure 3a. 

As for the kinetic characteristics of activation such 

as enthalpy (ΔH⁰
a) and the entropy of activation (ΔS⁰

a), 

we used the Arrhenius transition equation or the 

activated complex equation [30]: 

W =
RT

Nh
exp (

∆Sa
°

R
) exp (−

∆Ha
°

RT
) (5) 

where: h is Plank's constant (6.63 ×10−34 J·s), N is 

Avogadro's number (6.02×1023 mol−1), R/N = Kb = 

1.38×10 -23J/K is the Boltzmann constant. 

The calculated values of the activation enthalpies 

ΔH⁰
a and entropies of activation ΔS⁰

a are given in Table 

3 as well as the value of the equilibrium constant (b) and 

the standard free energy of adsorption (ΔG0
ads) at 298 K 

in the presence of the essential oil. 

According to the values obtained, we note an 

increase in the activation energy Ea in the presence of 

the essential oil of Eucalyptus globulus. This 

phenomenon of increased activation energy in the 

presence of the essential oil shows that physisorption is 

the type of adsorption involved [31-37]. The 

thermodynamic parameters (ΔH⁰
a and ΔS⁰

a) of the 

dissolution reaction of steel in acidic medium in the 

presence of inhibitors are higher than those of the acidic 

HCl solution without inhibitor. The positive values of 

ΔH⁰
a mean that the dissolution reaction of steel in 1M 

HCl acid media is endothermic and this increase in the 

value of the activation enthalpy is reflected in the 

increase of the corrosion process in 1M HCl media as a 

function of temperature. 

 

a. 

 

b. 

Figure 3. Arrhenius diagrams (a) and transition state 

diagrams (b) in the absence and presence of 1.6 g/L of 

Eucalyptus globulus essential oil in 1 M HCl at different 

temperatures  

Table 3. Thermodynamic parameters of XC38 steel in 1M HCl in the absence and presence of 1.6 g/L of Eucalyptus globulus 

essential oil 

C  

(g/L) 
R2 Ea  

(kJ/mol) 

ΔS⁰a  

(kJ/mol) 

ΔH⁰
a  

(kJ/mol) 

b  

(L/g) 

ΔG⁰
a 

(kJ/mol) 

0 0.8014 21.95 - 186.04 19.32 - - 

1.6 0.9919 62.11 - 69.31 59.52 2.896 19.76 
 

The relatively high and negative values of ΔS⁰
a imply 

a dissociation step rather than an association step, 

signifying an increase in disorder in the reaction 

medium [38-42]. It is also observed that the values of 

the activation energy Ea and the activation enthalpy ΔH⁰
a 

vary in the same way with the concentration of inhibitor, 

which makes it possible to verify the thermodynamic 

relationship between Ea and ΔH⁰
a which is [40]: 

Ea −  ∆Ha
° = RT    (6) 

where: R is the constant of perfect gases (8.32 J/K·mol) 

and T is the absolute temperature in K. 
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R² = 0,9825

 

Figure 4. Langmuir adsorption isotherm of XC38 carbon 

steel in 1M HCl in the presence of Eucalyptus globulus 

essential oil at 298 K 
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In order to better understand the adsorption mode of 

the inhibitor on the steel surface, we tested the previous 

data with several adsorption isotherms such as 

Langmuir, Frumkin, and Temkin. From these tests, the 

Langmuir adsorption isotherm C/θ = f(C) which 

assumes that there is no interaction between the 

molecules adsorbed on the metal surface, proved to be 

the best description of the adsorption behavior of 

Eucalyptus globulus essential oil as an inhibitor on steel. 

The Langmuir isotherm equation can be written in 

the following form [43]: 

Cinh

θ
=

1

b
+ Cinh    (7) 

The intersection of the line with the axis Cinh/θ, gives 

the value of the equilibrium constant b which is related 

to the standard free energy of adsorption ΔG⁰
ads by the 

following equation: 

ΔG⁰
ads = -RT log (55.5 b)  (8) 

where: the value 55.5 is the concentration of water in 

mol/L (1000 g/L), R is the perfect gas constant. Thus, 

we calculated the value of the standard free energy of 

adsorption ΔG⁰
ads characteristic of the interactions 

between the inhibitor molecules and the metal surface. 

The results are recorded in Table 3.  

For values of ΔG⁰
ads values close to -20 kJ/mol or less 

negative, the type of adsorption involved is 

physisorption. Thus, the inhibitory action is due to 

electrostatic interactions between the charged molecules 

and the metal charge, while values close to -40 kJ/mol 

or more negative are associated with chemisorption due 

to the sharing or transfer of electrons from the inhibitor 

molecules to the metal surface to form covalent or 

coordination bonds. For values between -20 and -40 

kJ/mol, the adsorption is then mixed or complete, 

alternating both physisorption and chemisorption [44-

46].  

In the case of Eucalyptus globulus essential oil, we 

can therefore deduce that the inhibition is due to 

electrostatic interactions between their charged 

molecules and the charged metal (physical adsorption) 

[47, 48]. This statement is supported by the fact that the 

inhibitory power of this essential oil decreases 

significantly at high temperatures [49]. 

4. Conclusions  

In this work, we focused on the evaluation of the 

corrosion inhibiting effect of XC38 steel in 1M HCl 

medium by the essential oil extracted from Eucalyptus 

globulus leaves by the mass loss method. From the data 

collected, we concluded that: 

- The corrosion of steel decreases significantly in the 

presence of Eucalyptus globulus essential oil, reaching 

an optimum efficiency of 89.03% for a concentration of 

1.6 g/L of essential oil. 

- Eucalyptus globulus essential oil is a good inhibitor in 

1M HCl medium. 

- The inhibitory efficiency of the essential oil decreases 

sharply with increasing temperature to reach a value of 

15.33% for a concentration of 1.6 g/L at 338K. 

- The adsorption of the essential oil on the metal surface 

is based on the Langmuir isotherm model. 

- The value of the standard free energy of adsorption 

ΔG⁰
ads which we were able to calculate from the 

Langmuir isotherm, as well as the decrease in inhibitory 

efficiency with increasing temperature, led to the 

conclusion that the mode of action of the essential oil is 

physisorption. 
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