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Abstract: Natural and aromatic substances contained in plants which can be extracted by hydro-distillation or by cold 

extraction, more commonly known as essential oils are used today in several fields including cosmetic, perfumery, food 

processing, traditional medicine, agriculture etc. More recently, a strong use of these products extracted from plants as a 

corrosion inhibitor of metals and alloys in an acidic environment has been observed, given the number of works that have been 

published in recent decades. This review represents a general study on essential oils for a better understanding of these natural 

products, but also a non-exhaustive study of the published research works on the use of essential oils as a corrosion inhibitor of 

metals and alloys, in particular mild steels in acidic environments. Most of these studies have revealed great potentials of 

essential oils in inhibiting the corrosion of metals in aggressive environment, such as acidic environment. Thus, they have 

proposed alternatives to artificial metal corrosion inhibitor known to cause environmental pollution and public health issues. 

This review is a contribution to research efforts carried out by scientific community to find green corrosion inhibitors. It lays 

the basis for future research work aimed to investigate on the corrosion inhibition properties of essential oils extracted from 

Senegalese local plants.  
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1. Introduction 

An essential oil is the concentrated, hydrophobic liquid of 

a plant’s volatile aromatic compounds. This liquid is mainly 

obtained by steam extraction, dry distillation or mechanical 

extraction [1]. 

Omnipresent in our daily life, the use of this fragrant liquid 

produced by plants dates back in several millennia, because 

the texts relating the use of essential oils are parchments 

dating of more than 1500 years BC. These parchments 

mention that the Egyptians used plant extracts in several 

areas of life, for example for the manufacture of perfumes, in 

the cosmetic field, a use as a remedy for certain diseases, but 

also use during religious ceremonies for the embalming of 

the deceased [2]. 

Today, the fields of use of essential oils have changed 

considerably as a result of more in-depth knowledge of these 

products. The perfumery and cosmetics industries are the 

main users of essential oils. Vegetal essential oil represents 

the basic ingredient for the production of perfume because of 

their pleasant smell, their high volatility and the fact that they 

do not leave a greasy trace. In traditional medicine, essential 

oils are highly coveted because of their antibacterial, 

antifungal and antiviral properties. In the food industry, there 

is also a strong presence of essential oils. But over the last 

few decades, a fairly new field of use has emerged: the use of 

these plant extracts as corrosion inhibitors of metals in an 

aggressive environment, which is a developing research 

focus based on the number of outgoing publications each 

year. Although several research works have already been 

developed to propose corrosion inhibitors, most of these 

inhibitors are synthetic compounds. Although these 

compounds exhibit good anti-corrosive activity, they are also 

toxic to humans and the environment [3]. Because of these 

concerns about these synthetic compounds, the researchers 
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turned to more environmentally friendly solutions such as 

essential oils and, of course, other types of plant extracts. 

Since these products are considered to be green corrosion 

inhibitors because of the organic compounds they contain 

and their anti-corrosive properties, they are increasingly used 

to protect metals and alloys in a more or less acidic 

environment [4]. 

This work is oriented towards a general study of essential 

oils on the one hand and on the other hand to the various 

research works. The general study of essential oils is 

concerned with their characteristics, quality criteria and 

chemical compositions. This study also highlights production 

methods, and different methods for identifying the chemical 

compounds of essential oils. This second part focuses on the 

various research works carried out and published in the 

literature by researchers on the corrosion inhibiting 

properties of metals and alloys in an acid medium by 

essential oils. 

2. General Study of Essential Oils 

2.1. Physicochemical Characteristics of Essential Oils 

Essential oils are considered to be very specific plant 

extracts, whose fields of application are very diverse, 

particularly in the medical, cosmetic and other fields [5]. 

These oils are liquid aromatic organic substances, highly 

concentrated in vegetal products that are found naturally in 

various parts of plants. They have the characteristics of being 

highly volatile compared to other known plant extracts, non-

oily and susceptible to decomposition under relatively high 

temperature [6]. 

The numerous studies and research carried out by several 

authors on essential oils have made it possible to attribute to 

essential oils a certain number of properties. Essential oils are 

liquid at room temperature, volatile and steam-driven. The 

volatile character of these molecules gives the essential oil a 

very high fragrance. Although they are called oil, they do not 

contain any fat. The essential oils are 100% pure and natural. 

Essential oils have a density usually less than 1, therefore 

lighter than water. But for some essential oils, one may have 

a density greater than 1. These dense oils than water are 

observed in oils with high phenols content and oils with high 

methyl salicylate content. In general most essential oils each 

have a characteristic smell that is quite pleasant. The 

miscibility of essential oils is total in alcohols and vegetal 

oils. 

2.2. Chemical Composition of Essential Oils 

From a chemical point of view, aromatic plants have a 

relatively complex composition. The organic compounds 

constituting these plants are represented by two distinct 

fractions due to their volatile or non-volatile character. A first 

so-called volatile fraction composed of secondary 

metabolites, called volatile organic compounds (VOCs), 

make up the essential oils. A second fraction contains non-

volatile organic compounds (NVOC). The VOC studies 

enabled the researchers to identify a complex mixture of 

these organic compounds. These organic substances may 

contain more than 300 different compounds. These volatile 

organic compounds belong to two large families. 

The family of volatile terpenes whose precursor is 

mevalonic acid. Volatile terpenes are derived from isoprenic 

unit condensation [7]. In the class of terpenes, only 

monoterpenes (C10) and sesquiterpenes (C15) can be 

extracted by hydrodistillation. Diterpenes (C20) and 

triterpenes (C30) are not steam-driven [7]. The structure of 

terpenes' compounds is not identical for all. There are linear, 

monocyclic, bicyclic or tricyclic structures. 

The second major family is the class of aromatic 

compounds derived from phenylpropane (C3-C6). These 

aromatic compounds are derived from the metabolism of 

shikimic acid, also called cinnamic acid. These compounds 

are much less common in essential oils compared to 

monoterpenes and sesquiterpenes. Among the most well-

known aromatic compounds of this class are vanilla, saffron, 

eugenol, anethol, estragole, etc. 

Compounds from the degradation of non-volatile terpene 

during hydrodistillation can also be found in essential oils [8]. 

2.3. Quality Criteria 

To ensure a good quality of an essential oil, it is necessary 

first of all to ensure the quality of the raw material 

implemented on the one hand and on the other hand the 

process of formulation of the finished product. Indeed, 

certain quality criteria must be met for both the raw material 

and the essential oil. 

2.3.1. Raw Material Quality Criteria 

Botanical species: For the plant used, a botanical 

certification written according to the international 

nomenclature under its Latin name specifying the genus, 

species and subspecies must be submitted [9]. This botanical 

certification is necessary because differences in chemical 

composition may occur depending on the botanical origin 

[10]. 

Geographical origin of the plant: Knowing the 

environment in which a plant grew, allows to characterize the 

extracted essential oil because a difference of chemical 

composition is observed according to the geographical origin 

and this is often due to the difference of geographical 

situation (altitude and latitude) or a difference in the nature of 

the soil [11]. 

Method of cultivation: This criterion defines whether the 

plant is cultivated or wild. It is often represented by a label if 

the plant comes from bio-agriculture [12]. This mode takes 

into consideration the growing, harvesting and storage 

conditions that have a direct impact both on the qualitative 

and quantitative aspect of the products that will be extracted 

from the plant. 

Stage of Botanical Development: The biochemical 

composition of the essential oil generally depends on the 

stage of plant development, i.e., the time of collection of the 

plant before, during or after flowering [12]. 
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Part of the distilled plant: It is possible to extract essential 

oil from all parts of the higher plants. Therefore, for the same 

plant, it is possible to produce essential oils with a different 

chemical composition and activity depending on the part of 

the distilled plant [13]. 

Chemotype of the plant: It allows to design distinct 

chemical entities within the same botanical species. The 

chemotype of an essential oil may affect its activity and/or 

toxicity. Therefore, it may be essential for some essential oils 

to specify the chemotype [14]. 

Plant identification: The identification of the raw material 

makes it possible to ensure a good traceability of the essential 

oil produced. 

2.3.2. Essential Oil Quality Criteria 

Technique for extracting essential oil: The technique used 

for extracting an essential oil largely determines its 

characteristics, in particular viscosity, colour, solubility, 

volatility but also future applications for this oil [15]. 

Physico-chemical characteristics of essential oils: These 

characteristics are criteria of qualities representative of 

essential oils. They are those that are generally common to all 

essential oils and which differentiate them from other oils 

commonly called fixed oils. Examples of these physico-

chemical characteristics include [15]: 

1) The liquid state and volatility of essential oils at room 

temperature; 

2) Lower density than water and relatively high refractive 

index; 

3) A low solubility of essential oils in water, but 

nevertheless can be extracted by steam distillation; 

4) Solubility in vegetable oils and organic solvents; 

5) The carbon chains that make up essential oils contains 

over 5 to 22 carbon atoms. 

2.4. Distribution, Location and Function of the Essential 

Oil in the Plant 

Essential oils are present in all the vegetable species. They 

can be extracted from any part of a plant. So they have 

multiple origins. They are also subjected to diverse contacts 

with the external world. They are found in leaves 

(eucalyptus), fruits (pepper), seeds (nutmeg, coriander), 

wood (cedar, sandalwood), roots or rhizome (ginger), 

flowering tops (lavender, mint, etc.) [16]. 

Research that has already been carried out on plants and 

essential oils has shown that these are developed within the 

cytoplasm of certain cells and they separate from it by 

syneresis which is a process of separation of a liquid from its 

gel. This separation is done in the form of small droplets that 

confluent in more or less extended range and are then stored 

in specialized cellular structures such as glandular trichomes, 

isolated secreting cells (lauraceae, magnoliaceae), secretory 

vesicles and secretory pathways [17]. 

Specialists working in the plant field believe that the 

production of essential oil by the plant is not only intended 

for human use. They are primarily considered sources of 

chemical signals that allow the plant to control or regulate its 

environment. According to the studies carried out by these 

specialists, the actions that can be linked to the production of 

essential oil by a plant are: 

1) The attraction of pollinating insects; 

2) The repulsion of predators and protection of the plant 

against certain diseases due to their antifungal, antiviral, 

antibacterial or insect repellent properties; 

3) Inhibition of seed germination and in some cases, a 

means of communication between plants (emission of 

chemical signals); 

4) Use as an energy reserve by the plant under adverse 

climatic conditions [18]. 

2.5. Method of Extraction of Essential Oils 

The extraction of essential oils is done with yields that are 

generally very low (of the order of 1 to 3%), which makes 

them rare and precious products. The extraction techniques 

for essential oils must therefore take account of these 

characteristics and certain parameters such as volatility, 

solubility, size and shape of the constituent molecules, but 

they must also be able to provide satisfactory quantitative 

performance [19]. 

Extraction techniques for essential oils are presented 

according to the principles on which they are based. These 

extraction techniques can then be classified into two 

categories. The first category of techniques is based on steam 

distillation. The second category is cold extraction techniques. 

2.5.1. Hydrodistillation Technique 

This is the oldest and most widely used technique for the 

extraction of essential oils. To date, this technique is known 

in three different forms: hydro-distillation, steam extraction 

and hydro-diffusion [20]. 

Hydro-distillation: The principle of this technique consists 

in immersing the vegetable raw material in a flask during an 

extraction in the laboratory or in an industrial still filled with 

water placed on a source of heat. It is heating that will allow 

the release of the aromatic molecules contained in the raw 

material by the bursting of plant cells and the aromatic 

molecules form with water vapor, an azeotropic mixture. The 

vapors are condensed in a refrigerant, and the essential oils 

separated from the water by density difference [21]. It should 

be noted that the yield and composition of the extracts is 

highly dependent on the duration of hydro-distillation. For 

raw materials where essential oils or essences are difficult to 

extract, high-pressure hydro-distillation is generally used 

[22]. 

Steam extraction: As with hydro-distillation, this technique 

is considered one of the official methods of extraction of 

essential oils. But unlike hydro-distillation, water and plant 

material are not in direct contact. The raw material placed on 

a grid is crossed by water vapor supplied by a boiler. The 

steam from the boiling water carries the vapor of the essential 

oils to a condenser; both are cooled and return to the liquid 

state, they will spontaneously form a distinct phase after 

condensation, allowing them to be separated by decantation 

or with a separatory funnel [23]. The absence of direct 
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contact between water and plant material, and then between 

water and aromatic molecules prevents certain phenomena 

like hydrolysis or degradation of the organic compounds that 

can affect the quality of the product [23]. 

Hydro-diffusion: It represents a variant of volatile 

compound extraction technique. This relatively recent and 

particular technique involves the osmotic action of water 

vapor. It consists in passing, from the top to the bottom and at 

reduced pressure, the water vapor through the vegetable 

matter. It has the advantage of saving time and energy. This 

technique also has a permanent recycling system for 

distillation water [24]. 

This list of extraction techniques based on the principle of 

water distillation is not exhaustive, because in the literature 

there are new emerging techniques based on classical 

distillation techniques. However, these techniques usually 

require very specific devices and more specific working 

conditions. These special conditions make it possible either 

to increase the efficiency of the products, or to improve their 

quality, or to save time and energy. 

2.5.2. Cold Extraction Techniques for Essential Oils 

This is a fairly simple technique to implement but also 

quite limited compared to the techniques of water vapor 

distillation. It is reserved for the extraction of the compounds 

contained in the pericarps of the skippers or of the citrus 

fruits which have a great importance for perfumes and 

cosmetics industries. But these compounds are very fragile 

because of their terpene composition. The extraction process 

is based on the rupture of the walls of the oil-bearing vesicles 

contained in the peel of the fruit. The released essential oil is 

collected by a stream of water which will carry all the 

compounds usually obtained with the steam distillation 

techniques. That’s why specialists called this product 

essential oil [25]. 

2.6. Method for Identifying Chemical Compounds 

Constituting Essential Oils 

The valorization of an essential oil is generally preceded 

by a qualitative characterization step. The quality of an 

essential oil is closely linked to its chemical composition. It 

is therefore necessary to know the chemical composition of 

an essential oil after its extraction. 

Analysis of essential oils is based on separation and 

identification of constituents by chromatographic and/or 

spectroscopic techniques. Gas chromatography (GC) or 

coupled with other spectral (mass spectrometry) (GC/MS) 

techniques are most commonly used for essential oil routine 

analyses. 

Gas chromatography (GC): It is defined as a method of 

analysis by separation that applies to gaseous compounds or 

that may be vaporized by heating without decomposition. It 

is a widely used separation technique due to its sensitivity 

and individualization of volatile compounds of highly 

complex mixtures as in the case of essential oils. Gas 

chromatography combined with a flame ionization detector 

allows in addition to identification, a quantitative analysis of 

the constituents of the mixture on the basis of the area of 

each chromatographic peak against the total signal area, and 

a qualitative analysis on the basis of retention times. As far as 

identification is concerned, it is carried out by comparing 

their polar (Ir p) and apolar (Ir a) retention indices calculated 

from the retention times of a range of alkane standards or, 

more rarely, linear methyl esters, at constant temperature or 

in temperature programming (Ir retention index) with that of 

reference products contained in commercial libraries or 

described in laboratory-level literature [26]. 

Coupling gas chromatography to mass spectrometry 

(GC/MS): This is the most widely used technique in the field 

of essential oils characterization. Its principle is based on the 

possibility, after the separation of the compounds carried out 

by the GC, to perform directly by means of mass 

spectrometer (MS) an ionization of each of isolated molecule. 

It therefore makes it possible to obtain structural information 

relating to each compound and consequently its identification 

by comparing its mass spectrum with those of reference 

products contained in spectra libraries [27]. 

Other coupling techniques: In the literature, there are more 

and more new coupling techniques in recent decades. Indeed, 

many difficulties are encountered when analyzing complex 

mixtures in the different fields. 

The combination of known techniques and methods has 

recently led to the development of the coupling of GC with a 

Fourier transform infrared FT-IR spectrometer (GC/FT-IR) 

which is a fairly complementary technique of GC/MS. 

Infrared spectroscopy provides information on the chemical 

functions present in molecules and also makes it possible to 

differentiate isomers. Efficacy has been demonstrated for the 

study of molecules with overlapping mass spectra such as 

farnesyl and menthol stereoisomers [28]. 

Multidimensional double analyzer (MS/MS) or tandem 

mass spectrometry is also one of the implemented coupling 

techniques found in the literature. This technique can be used 

for essential oils and consists of selecting the ions 

corresponding to a chosen m/z ratio by means of a first 

analyzer which thus plays the role of a filter and sending 

them on a second analyzer. Fragments of the secondary ion 

constitute a second mass spectrum which differs according to 

the origin of the primary ion [29]. 

Other coupling techniques include that coupling GC to 

with mass spectrometer and an infrared detector (GC/IR-

FT/MS) [30, 31]. 

2.7. Essential Oils Corrosion Inhibition Mechanism 

The corrosion inhibition mechanism of essential oils and 

other plant extracts is related to a number of basic 

considerations valid for all corrosion inhibitors: 

1) Since corrosion is an essentially electrochemical 

process, the action of the inhibitor can only be carried 

out at one of the elementary reaction stages (transport of 

species in solution, transfer of electronic charges, 

adsorption of species to the surface of solid phases, 

formation of superficial intermediaries), 

2) Since the intervention of the inhibitor in the process of 
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transport of the electro-active species (oxygen, protons, 

reaction products) within the solution is unlikely, the 

action of an inhibitor is most often to be sought in the 

immediate vicinity of the surface. 

As a result, the mechanism of action and inhibitory 

efficacy of essential oils is often linked to the presence of 

active constituents causing either a formation of a passivating 

layer on the surface of the metal or an improvement of an 

existing passivating, thus allowing the corrosion reduction 

[32], and this by adsorption mechanism. The adsorption of 

essential oils molecules at the metal/solution interface can be 

done either by chemisorption mechanism, i.e., by a chemical 

interaction mechanism (electron exchange and chemical bond 

formation) between metal surface atoms and inhibitor atoms, 

or by physisorption mechanism, i.e., by physical interaction 

mechanism (van der Waals forces) between ions contained in 

the solution and the surface of metal or as a combination of 

both mechanisms. The adsorption process is affected by the 

chemical structures of the essential oils’ molecules, the nature 

of the metal and the distribution of the charges on all 

inhibiting molecules [33]. 

The action of the inhibitor can thus be: [34] 

1) the interposition of a barrier between the metal and the 

corrosive medium, in this case, which is essentially that 

of the acidic media, the role of surface adsorption will 

be paramount; 

2) the formation of a barrier by interaction between the 

inhibitor and one or more species of the corrosive 

medium, this type of mechanism is specific to neutral 

media; 

3) Formation of a continuous layer on the metal surface by 

chemical bonding from molecules with long carbon 

chains carrying polar groups at both ends; 

4) addition of buffers, which increase the pH near the 

metal surface and promote passivation in some cases: 

some oxidizing inhibitors cause a spontaneous 

passivation of the metal thus decreasing the rate of 

corrosion; 

5) The formation of surface films by precipitation of 

mineral salts or poorly soluble organic complexes. 

3. Corrosion Inhibition by Essential Oils 

Most of the corrosion inhibitors used to date in the 

industrial field are synthesized from raw materials from 

organic compounds with heteroatoms such as nitrogen, 

sulphur, phosphorus or oxygen in their aromatic system or 

carbon chain. These anti-corrosive substances are generally 

toxic to humans and the environment [35]. The toxicity of 

these compounds occurs during synthesis or during their 

applications. In addition, since these substances are not 

biodegradable, a pollution problem arises. 

Strict environmental laws and environmental awareness in 

the scientific world have directed researchers to develop 

other forms of so-called “green” inhibitors. Recently, various 

parts of plants, leaves, fruits, seeds and flowers were 

extracted and used as corrosion inhibitors [36-46]. Therefore, 

in recent years there has been a particular interest in the 

activity of essential oils as a corrosion inhibitor of steel in 

hydrochloric acid [47-52]. They have the advantage of being 

biodegradable, non-toxic and environmentally friendly. A lot 

of work has been published recently in this area. 

A review of the literature shows that studies in this area are 

quite promising with fairly high inhibitory efficacy rates for 

essential oils. Studies on tea-tree essential oil have shown 

that the inhibitory efficiency on steel in hydrochloric acid (1 

M) media increases with the increase in concentration to a 

maximum value of 96% at 2 g/L of essential oil at a 

temperature of 298 K [53]. 

Ben Hmamou et al [54], obtained an efficiency on C38 

steel in acid medium (HCL) 1M up to 90% with 2 g/L of 

chamomile (Chamomillarecutita) essential oil. Their study 

showed that temperature has no influence on the efficiency 

rate. 

The use of the essential oil of Mentha spicataL by Znini et 

al [55], revealed an inhibitory effectiveness of steel corrosion 

in HCl medium (1 M) up to 97% for 2 g/L of inhibitor at 298 

K. However, a decrease in this efficiency was observed at 

relatively high temperatures (from 303 to 333 K). The 

assessment of the anti-corrosion activity of white sagebrush 

(Artemisia Herba Alba) essential oil, on the corrosion of steel 

in three different acids, has also been carried out by several 

authors using gravimetric measurements and the combination 

of polarization and electrochemical impedance methods. 

indeed, Ouachikh et al [56], studied this essential oil in 0,5 M 

H2SO4. The results revealed that this oil reduces the 

corrosion rate by cathodic action. Inhibition efficiency 

increases with temperature and oil concentration to reach 74% 

at 1 g/L. Boudiala et al [57], worked on the essential oil they 

extracted from the aerial parts of Artemisia herba-alba from 

Morocco. This essential oil was tested as a corrosion 

inhibitor of stainless steel (SS) in HCL acid (1 M) using 

potentiodynamic polarization (PDP) measurements, 

electrochemical impedance spectroscopy (EIS) and scanning 

electron microscopy studies (SEM). The results showed that 

Artemisia’s essential oil reduces the corrosion rate. Inhibition 

efficiency increased with inhibitor concentration and 

achieved 88% with 1 g/L of substance. 

The corrosion behaviour of steel in HCl (1 M) in the 

presence of mint fowl (Menthapulégium) essential oil was 

evaluated by Bouyanzer et al [58], using gravimetric 

measurements, polarization curves and electrochemical 

impedance. Indeed, the inhibition efficiency increases with 

the oil content, and reach 80% at 2.76 g/L, indicating that this 

essential oil is a good inhibitor. 

The inhibition of corrosion of C38 steel in H2SO4 

(sulphuric acid) solution by the essential oil of Eucalyptus 

globulus (Myrtaceae) was investigated by Rekkab et al [59], 

using weight loss techniques, electrochemical impedance 

spectroscopy and potentiodynamic polarization. The 

inhibition efficiency increases with the increase in the 

concentration of essential oil to reach 75.8% to 6 g/L. The 

effect of temperature on the corrosion behaviour of C38 steel 

in 0.5 M H2SO4 with addition of essential oil was also 
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studied over the temperature interval (298–328 K). They 

found a decrease in the inhibitory effectiveness of essential 

oil with the increase in temperature. 

The inhibition behaviour of lead corrosion in 0.1 M 

Na2CO3 solution by Atlas cedar (Cedrus atlantica) essential 

oil was studied by I. El-miziani et al [60] using the 

polarization curve technique and impedance technique. The 

corrosion rate decreases and the inhibition efficiency 

increases with oil concentration, and an inhibition efficiency 

of 70% was reached at a concentration of 2000 ppm. 

The inhibitory action of the essential oil of Salvia aucheri 

mesatlantica on the corrosion of the steel in 0.5 M H2SO4 

solution was studied by Znini et al [61], using weight loss 

measurements and electrochemical techniques. The results 

obtained indicated that the inhibitory efficiency increases with 

the concentration of essential oil to reach 86.12% at 2 g/L. 

The inhibitory capacity of fennel essential oil (foeniculum 

vulgaris) on corrosion of steel in HCl (1 M) was studied by 

Lahhit et al [62], using gravimetric method and coupling of 

stationary and transient electrochemical techniques. The 

results obtained indicated that the corrosion rate decreases 

and the inhibitory efficiency increases with the increase in 

essential oil concentration to 76% at 3 ml/L. 

The inhibitory action of vervain essential oil on the 

corrosion of C38 steel in HCL 1M solution in the 

temperature range 298-328 k was measured by Ben Hmamou 

et al [63]. This work used methods of weight loss, 

potentiodynamic polarization and electrochemical impedance 

spectroscopy. The results showed that the inhibitory 

efficiency increases with the increase in the inhibitor 

concentration, but decreases with temperature. 

El Ouariachi et al [64], evaluated the inhibitory power of 

Rosmarinus officinalis essential oil on the corrosion of steel 

in 0.5 M H2SO4 using weight loss measurements, and 

electrochemical polarization methods. The results obtained 

indicate that the effectiveness of inhibition increases with the 

increase in oil concentration, and reach 61% at 1 g/L. The 

effectiveness of oil inhibition remains slightly constant with 

the increase in temperature. 

The work of L. Majidi et al [65], focused on the essential 

oil of aerial parts of Helichrysum italicum subsp. italicum (HI) 

obtained by hydrodistillation and analyzed by GC and 

GC/MS. An inhibitory effect was found, and its efficiency 

increased with concentration of the essential oil to reach 

82.33% at 2 g/L. The effect of temperature on the corrosion 

behaviour of mild steel in HCl (1 M) without and with 

essential oil at 2 g/L was also studied. 

Studies conducted by Loto et al [66] have shown a 

synergistic effect of essential oils extracted from clove, basil 

and atlas cedar. The corrosion inhibition properties of this 

mixed essential oils was studied on steel with low grade 

carbon in 0,5 M H2SO4 et HCl solutions. The results showed 

that the two mixed inhibitor compounds functioned effectively 

at various concentrations with optimal inhibition efficiencies 

of 95.48% and 95.32% in H2SO4 solution, while in HCl the 

corresponding values are 92,7% and 97.98%. R-T Loto et al 

[67], also conducted studies on combined effect of essential 

oils derived from salvia officinalis and simmondsia chinensis. 

They assessed their corrosion inhibition performance at low 

concentration on mild steel in 1 M of H2SO4. 

The results obtained from the electrochemical test showed 

an optimal inhibition efficiency of this mixture of 86.58% 

and 83.29% to 6% and 5% volumetric concentration, 

respectively. The inhibition performance of Citrus sinensis 

(CS) essential oil on ordinary carbon steel (PCS) corrosion in 

0.5 M H2SO4 and 0.5 M HCl solution was evaluated by R-T 

Loto et al [68]. Several assessment techniques have been 

used, and weight loss measures revealed an optimal 

inhibition result of 81.61% in HCl and 76.95% in H2SO4. 

Inhibition efficiency generally decreases with respect to 

exposure time, but increases with increased inhibitor 

concentration in both acids. 

Ptychotis verticillata essential oil was tested as a mild steel 

corrosion inhibitor in HCl (1 M) by E. El Ouariachi et al [69]. 

Weight loss measurement, electrochemical impedance 

spectroscopy, and potentiodynamic bias curves were used to 

evaluate corrosion inhibition. They found that the 

effectiveness of the inhibition increases with the increase in 

inhibitor concentration, due to the adsorption of inhibitory 

molecules on the metallic surface. In 1 M HCl the inhibition 

efficiency was 74.6% at 1.08 g/L of essential oil. The major 

compounds of this essential phenolic molecules (48%). 

4. Conclusion 

This work represents a scientific literature review to allow a 

better understanding of essential oils: chemical composition, 

extraction techniques, characterization methods and uses in 

different domains. About the later, number of studies have 

been conducted over the past two decades on the use of 

essential oils as green corrosion inhibitors in acidic 

environments for different types of steels and alloys. It has 

been found that these natural corrosion inhibitors showed 

almost the same efficacity as synthetic inhibitors, for instance 

most essential oils gave a corrosion inhibition rate higher than 

90% in acid medium. Moreover, these natural inhibitors that 

are plant extracts, especially essential oils are environmentally 

friendly, which would allow their uses to resolve the toxicity 

and environmental impacts of synthetic inhibitors. 
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