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Abstract- The essential oils of aromatic and medicinal plants are ones of the green corrosion 

inhibitors they are most valuable environmentally friendly, biodegradable in nature and are 

synthesis by simple procedure with a low cost. This paper concentrates on the corrosion 

inhibitory properties of the essential oils: Effect on iron corrosion in neutral chloride media 

(3% NaCl solution). The essential oils was obtained from twigs, leaves and fruits of Pistacia 

lentiscus L. (PL), collected in two different regions (Melloussa (MS) and Moulay Idriss 

Zerhoun (MIZ)) of Morocco. The PL essential oils effect against the corrosion of iron in 3% 

NaCl solution was carried out using the weight loss, as well as electrochemical impedance 

spectroscopy (EIS) and potentiodynamic polarization (PDP) curves. Among tested essential 

oils, the best inhibitive effect was obtained for essential oil of PL twigs from MIZ. Indeed, 

the optimum inhibition efficiency 81.45% was achieved in the presence of 3000 ppm 

inhibitor. The results obtained from different techniques used in this research are in very 

good agreement and revealed that PL essential oils could serve as a source of green corrosion 

inhibitors on iron in 3% NaCl solution. 
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1. INTRODUCTION  

Iron and steel are widely used in most industries due to its low cost and availability for 

the manufacture of reaction vessels such as cooling towers reservoirs, boilers, pipelines, 

drums heat exchangers, tanks, etc. Iron and steel structures are extensively susceptible to 

corrosion and their protection costs billions of dollars annually [1]. Corrosion of metal is a 

great constant and continuous problem, often difficult to eliminate completely [2]. So, 

delaying or preventing is more practical and achievable than complete elimination. Several 

different ways can be used to slowing, delaying or preventing corrosion metallic surfaces. 

The High effectiveness alternative for the protection of metallic surfaces against corrosion is 

reached when using the organic and inorganic corrosion inhibitors. Usually, organic 

compounds having heteroatoms such as nitrogen, sulfur or oxygen and the presence of π 

electrons in their aromatic ring or the double bonds in their molecules exert a significant 

influence on the extent of adsorption on the surface of metal and they can therefore be used 

as effective corrosion inhibitors [3,4]. Even if tremendous efforts have been made towards 

corrosion inhibition by the inhibitors. The synthesis of most compounds of interest is very 

often expensive; they are toxic and hazardous for environment is consequently for human and 

animal health. Nowadays, there is a growing need to produce a new non-toxic, ecologically 

harmless and cost-effectiveness, green corrosion inhibitors [5,6]. Natural products have 

potential to replace synthetic organic inhibitors due to follow main advantages, i.e. 

environmentally friendly, biodegradable in nature, readily available and are synthesis by 

simple procedure with a low cost, which fulfills the requirements to be used as 

environmentally friendly "green" corrosion inhibitors [6,7].  

Over the past few years, the use of natural products of plant origin as green corrosion 

inhibitors increased substantially. The scientists around the world reported the successful use 

of several plant extracts (Chamaerops Humilis L. [8], Sunflower [9], Linum usitatissimum 

[10], Phyllanthus muellerianus [11], Hunteria umbellata [12], Laurus nobilis L. [13], 

Limbarda crithmoides (L.) [14], Pistacia atlantica [15], Plectranthus amboinicus [16]) as 

promising green anticorrosive agents. The plant extracts and oils show inhibition efficiency 

up to 98%. So, it is emerging out to be an effective type of inhibitors to corrosion and can be 

successfully used on industrial levels [17]. While a certain number of plants have been 

studied relative to their corrosion inhibitory properties, great majority of plants have not yet 

been properly studied as anticorrosive agents. There are therefore considerable opportunities 

to discover out novels, economical and eco-friendly corrosion inhibitors from this 

outstanding source of natural products plant-based. 

In this view, an attempt is made to discover a naturally occurring, cheap and 

environmentally safe substance that may be to replace the synthetic ones and can be used as a 

corrosion inhibitor on the corrosion of iron in neutral chloride media. It is, in particular, for 
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these reasons that it was considered making a study on essential oils extracted from different 

plant parts of PL. 

Pistacia lentiscus L. is an evergreen tree or shrub of the family from Anacardiaceae in 

Mediterranean areas unless 1,100 m of altitude. PL also termed lentisk or mastic tree is a 1-5 

m high, growing in semi-arid areas of the Mediterranean area from Morocco [18]. The PL 

essential oils have served in traditional human medicine also possesses appreciably; 

antidiabetic effect [19], anti-inflammatory [20], antioxidant [21], antifungal and antibacterial 

effects [22,23].  

To our knowledge, no search has concentrated on the inhibition behavior of iron in 

neutral chloride media with essential oils of PL. Continuing our research to contribute to the 

current search for green corrosion inhibitors to replace the synthetic ones. In this paper, we 

explore the possibility to use of essential oils from different plant parts of (twigs, leaves and 

fruits) of PL as green corrosion inhibitors of iron in 3% NaCl medium, in relation to his 

constituents and collecting region (MIZ and MS). The inhibition performance was examined 

via weight loss and potentiodynamic polarization curves, as well as electrochemical 

impedance spectroscopy. 

 

2. EXPERIMENTAL PROCEDURE 

2.1. Material and test solution 

The aggressive medium selected is 3% NaCl solution stimulating seawater, which was 

prepared by dissolving NaCl (Sigma-Aldrich) in bi-distilled water. The composition of iron 

(material) employed in this research is given in Table 1. 

 

Table 1. Chemical composition of iron 

 

Elements Si Mn C P S Fe 

Weight (%) 0 .201 0.514 0.157 0.007 0.009 ≥ 99 

 

2.2. Plant material and preparation of essential oils 

Pistacia lentiscus L. was collected from two different regions of Morocco the first is 

Melloussa (MS) Region: Tangier-Tetouan-AlHoceima and the second is Moulay Idriss 

Zerhoun (MIZ) Region: Fez-Meknes, in October. The Geographical coordinates of  MS: N 

35° 43' 16,4676" ; W 5° 39' 30,9024" and MIZ: N 33° 50' 50,4636" ; W 5° 19' 0,3972". The 

twigs, fruits and leaves of PL were air-dried for 15 days at room temperature and the essential 

oils of each from different plant parts were obtained by hydrodistillation for 3 hours. 
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2.3. Essential Oils composition 

The analyzes process of the PL essential oils was carried out using Clarus SQ 8C Gas 

chromatograph coupled with a mass spectrometer (GC/MS) from PerkinElmer, equipped with 

a Rxi-5MS capillary column (30 m×0.25 mm×0.25 µm). The carrier gas was helium with a 

flow rate of 1 ml/min. For the first 2 min the oven temperature was kept at 40 °C and then 

increased at a rate of 4 °C/min until reached a temperature of 180 °C and from 180 to 300 at a 

rate of 20 °C/min and then kept constant at 300 °C for 2 min. As regards the split 1/20 of 1 µl 

was injected and for injector temperature was also set at 220 °C. The conditions for a mass 

spectrometer were 70 eV potential ionized and the source temperature 200 °C. The chemical 

components of PL essential oils were identified by their retention indices, as well as the mass 

spectra with those on the stored in NIST library-version 2014. For the retention indices were 

estimated using to a series of n-alkanes (C8-C20). 

 

2.4. Gravimetric studies 

The gravimetric method is widely used because it has the advantage of being simple and 

does not require a complex equipment or procedures. In this study, two types of gravimetric 

tests were carried out, namely the weight loss measurement and the dosing of the metal 

passed in solution by flame atomic absorption spectroscopy. 

2.4.1. Weight Loss measurement  

The technique is based on determining the weight loss (WL) of a sample (coupon) of the 

surface (S) immersed for a time (t) in the aggressive solution. The tests are performed in 30 

ml glass vials in non-aerated medium, at room temperature. The immersion time is 24 h, the 

iron samples are undergoing cleaning with distilled water, degreasing with acetone and 

drying before and after the immersion. 

The determination of the corrosion rate W was made from the following relation (1): 

𝑊 = [
𝑚𝑖−𝑚𝑓

𝑆𝑡
]                                                                                                                          (1) 

where W (mg.cm-2.h-1) is the corrosion rate, mi (mg) and mf (mg) are the mass before and 

after exposure to test solution, respectively, S (cm2): is the surface of area of specimen, t (h): 

is the immersion time. 

Regarding the inhibitory efficiency (%)WL was calculated according to the equation (2): 

 𝜂𝑊𝐿(%) = [
𝑊°−𝑊

𝑊° ] × 100                                                                                                     (2) 

where Wᵒ and W represent the corrosion rates in the absence and presence of the 

inhibitors, respectively. 
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2.4.2. Quantification of iron ions contents in corrosive solutions 

Dosage of the metal passed into solution has been performed by using Varian Spectra AA 

220 atomic absorption spectroscopy and in order to determine the concentrations of iron ions 

within corrosive solution both when the inhibitor was absent and present, we dissolved the 

corrosive medium by aqua regia. 

 

2.5. Electrochemical methods: stationary and transitory 

The electrochemical measurements were performed in potentiodynamic polarization 

(PDP) mode using a potentiostat-galvanostat SP-200 (Biologic Science Instruments) they 

were obtained using a three-electrode cell with a platinum electrode as counter-electrode, an 

XR300/XR310 reference electrode Ag/AgCl, and the iron-working electrode of cylindrical 

shape (1 cm2). Before each test, the working electrode surface was successively abraded with 

SiC abrasive papers of grade 600, 1000, 1200, 1500 and 2000, followed by washing with 

distilled water, degreasing in ethanol and cleaning with distilled water. The working electrode 

is maintained prior to immersion in free corrosion potential for 30 minutes. The scanning 

speed is 1 mV/s. The inhibitory efficiency
PDP (%)  was obtained by using formula (3): 

𝜂𝑃𝐷𝑃(%) = [1 −
𝑖𝑐𝑜𝑟𝑟

𝑖𝑐𝑜𝑟𝑟
° ] × 100                                                                                                (3) 

   where 𝑖𝑐𝑜𝑟𝑟
°  and  𝑖𝑐𝑜𝑟𝑟 are the corrosion current densities values of inhibited and uninhibited 

inhibitors, respectively. 

     The plot of the EIS diagrams were conducted on a wave at frequency range between 100 

KHz and 10 mHz and a potential amplitude of 10 mV on a steady state open-circuit potential 

(Eocp). The inhibitory efficiency
EIS (%) was calculated as follows (4): 

𝜂𝐸𝐼𝑆(%) = [
𝑅𝑃(𝑖𝑛ℎ)−𝑅𝑃

𝑅𝑃(𝑖𝑛ℎ)
] × 100                                                                                               (4) 

where Rp(inh) and Rp represent the transfer resistance without and with inhibitors, 

respectively. 

     The electrochemical parameters values were determined using the EC-LAB software 

package. In order to ensure reproducibility, all experiments were carried out in triplicate to 

ensure the reproducibility. 

 

3. RESULTS AND DISCUSSION 

For the study of the anticorrosion action of our plant PL on the iron/3% NaCl solution 

interface and in order to compare the inhibitory efficacy of the different parts of PL from two 

regions, we carried out gravimetric and electrochemical tests. In a first step, we started with 
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the PL leaves from MIZ to know our optimal concentration and in the second step, based on 

the previous result, the inhibitory effect of the different samples for the comparison was 

tested. 

 

3.1. Chemical composition 

The chemical composition found by GC/MS of essential oils from twigs, leaves and fruits 

of PT from MIZ and MS are presented in Table 2.  

For the PL from MIZ: Thirty-eight and 19 compounds, accounting for 97.39% and 

97.76% of the essential oils from twigs and leaves, as well as 18 compounds representing 

99.11% of fruits were characterized. In the essential oil of PL twigs, the principal common 

constituents were α-Pinene (25.23%), β-Pinene (10.77%), Limonene (7.23%) and β-Myrcene 

(6.45%). In addition, the essential oil of PT leaves, β-Myrcene (31.69%), α-Pinene (15.04%), 

Limonene (14.19%) and β-Pinene (7.47%) were found to be the major components, while the 

fruits oil the main constituents were β-Myrcene (33.98%), α-Pinene (18.49%), trans-β-

Ocimene (9.47%) and Limonene (7.02%). 

For the PL from MS: Twenty-eight, 27 and 10 compounds, representing 98.58%, 97.06 

and 98.37% of the essential oils from twigs, leaves and fruits, respectively, were 

characterized. In the essential oil of PL twigs, the main constituents were Undecan-2-one 

(15.78%), Caryophyllnene oxide (9.97%) and Cubebol (9.39%). In addition, the essential oil 

of PT leaves, Caryophyllnene oxide (20.65%), Undecan-2-one (11.25%), α-Terpenyl acetate 

(7.20%), α-Terpineol (6.95%) and Limonene (6.43%) were found to be the principal common 

constituents, while the fruits essential oil the major components were β-Myrcene (35.94%), 

m-Camphorene (11.59%), Limonene (10.00%), α-Pinene (8.79%), Sabinene (6.86%) and p-

Cynene (6.36%).  The major components structure of PL essential oils was show in Figure 1. 

 

3.2. Gravimetric methods of essential oil of PL leaves from MIZ  

The values of corrosion rate (W) and the percentage of inhibition efficiency (𝜂𝑊𝐿) were 

determined by the gravimetric method for the various concentrations of the essential oil of PL 

leaves after 24 h of immersion are shown in Table 2 and Figure 2, as well as the 

concentrations of  iron ions (ppm) determined by flame atomic absorption spectroscopy. 

According to the results of weight loss (WL), it is very clear that the inhibitory efficiency 

increase as the inhibitor concentration increase to attain 77.43% at 3000 ppm. As well as, the 

flame atomic absorption analysis confirm the results obtained by weight loss, which is a 

decrease in the concentration of iron ions as a function of inhibitor concentration (Figure 2). 
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Table 2. Composition of PT essential oils 

 

RI: Retention indices relative to n-alkanes (C8-C20); tr: Trace (<0.2); –: Not detected 

 

Peak Compounds  RI 
PL from MIZ PL from ML 

Twigs Leaves Fruits Twigs Leaves Fruits 

1 α-Pinene C10H16 936 25.53 15.04 18.49 1.04 0.92 8.79 

2 Camphene C10H16 949 3.64 0.80 2.07 - - tr 

3 Sabinene C10H16 976 2.23 tr - 1.11 0.5 6.86 

4 β-Pinene C10H16 978 10.77 7.47 4.76 tr tr tr 

5 β-Myrcene C10H16 993 6.45 31.69 33.98 1.09 tr 35.94 

6 p-Cymene C10H16 1026 4.55 5.40 tr 1.47 1.13 6.36 

7 Limonene C10H16 1030 7.23 14.19 7.02 2.59 6.43 10.00 

8 cis-β-Ocimene C10H16 1040 - - 4.64 - - tr 

9 trans-β-Ocimene C10H16 1050 - - 9.47 - - tr 

10 α-Pinene oxide C10H16O 1098 0.67 tr - - - tr 

11 Linalool C10H18O 1100 - - - 2.98 2.77 - 

12 Perillene C10H18O 1101 tr 0.88 tr tr - 5.66 

13 β-Pinene oxide C10H16O 1115 tr 1.43 tr - - 5.93 

14 α-Campholenal C10H16O 1126 0.52 - - - - tr 

15 trans-Pinocarveol C10H16O 1139 1.59 tr tr - tr tr 

16 trans-Verbenol C10H16O 1147 1.05 tr - - tr tr 

17 Pinocarvone C10H14O 1162 1.29 tr - - - - 

18 Terpinen-4-ol C10H18O 1176 3.74 4.21 tr 5.68 4.33 tr 

19 p-Cymen-8-ol C10H14O 1182 1.19 0.89 tr tr tr - 

20 α-Terpineol C10H18O 1184 1.71 2.62 2.37 2.84 6.95 tr 

21 Myrtenol C10H16O 1195 2.00 tr - tr tr tr 

22 Verbinone C10H14O 1207 1.15 tr tr - - - 

23 Pulegone C10H16O 1237 tr - - 2.71 1.43 - 

24 Piperitone C10H18O 1252 0.60 tr tr tr tr tr 

25 Bornyl acetate C12H20O2 1284 3.54 1.13 1.09 tr 2.04 tr 

26 Undecan-2-one C11H22O 1290 2.29 1.28 0.89 15.78 11.25 2.71 

27 myrtenyl acetate C12H18O2 1323 - tr - 3.21 1.76 - 

28 α-Terpinyl acetate C12H20O2 1346 - - - tr 7.20 - 

29 α-longipinene C15H24 1349 tr 1.67 2.57 - - - 

30 β-Elemene C15H24 1389 0.80 tr tr 1.90 1.82 tr 

31 β-Caryophyllene C15H24 1417 0.79 3.02 2.31 tr - tr 

32 Isoamyl benzoate C12H16O2 1432 tr tr - 1.13 1.91 - 

33 γ-Muurolene C15H24 1473 1.02 tr 1.12 3.47 2.96 tr 

34 Germacrene D C15H24 1477 tr - 0.88 - - tr 

35 Epicubebol C15H24 1491 tr tr tr 2.93 tr - 

36 α-Muurolene C15H24 1497 0.59 tr 1.11 2.04 1.39 - 

37 Cubebol C15H26O 1512 1.05 - - 9.39 2.01 - 

38 δ-Cadinene C15H24 1531 tr tr 1.67 - tr tr 

39 α-Cadinene C15H24 1550 0.80 tr - 1.32 1.78 - 

40 Spathulenol C15H24O 1574 0.63 tr - 3.42 2.13 - 

41 Caryophyllene oxide C15H24O 1580 3.74 2.52 tr 9.97 20.65 tr 

42 Humulene epoxide II C15H24O 1606 0.71 tr - 3.50 2.94 - 

43 1,10-Di-epi-Cubenol C15H26O 1623 0.71 tr - 1.29 1.83 - 

44 τ-Muurolol C15H26O 1637 1.27 tr tr 2.31 3.21 - 

45 α-Muurolol C15H26O 1641 tr - - 1.16 tr - 

46 α-Cadinol C15H26O 1649 1.95 tr tr 5.82 4.01 - 

47 Oplopanone C15H26O2 1667 tr tr - 1.29 1.95 - 

48 m-Camphorene C20H32 1902 1.08 1.69 3.16 4.68 1.13 11.59 

49 p-Camphorene C20H32 1921 0.51 0.88 1.51 2.46 0.63 4.53 

50 (Z,Z)-Geranyllinalool C20H34O 1948 tr 0.95 tr - - tr 

 Total   97.39 97.76 99.11 98,58 97,06 98,37 
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Fig. 1. Major component structures for PL essential oils 

 

Table 2. The corrosion rate, inhibitory efficiency and the concentration of iron ion as a 

function of inhibitor concentration for the essential oil of PL leaves from MIZ 

 

 W (mg.h-1.cm-2) 𝜼𝑾𝑳 (%) [Fe2+] (ppm) 

3% NaCl 

1000 ppm 

2000 ppm 

3000 ppm 

0.359 

0.272 

0.150 

0.081 

- 

24.23 

58.21 

77.43 

114 

65 

46 

37 

 

 

 

Fig. 2. Evolution of both corrosion rate and inhibition efficiency as a function of inhibitor 

concentration of iron in 3% NaCl medium  
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3.3. Electrochemical methods 

3.3.1. Electrochemical measurements of essential oils of PL leaves from MIZ 

The evaluation of the inhibitory efficiency determined by gravimetric techniques is 

inadequate to characterize the approach of the mechanisms involved in corrosion. However, 

the electrochemical methods then becomes indispensable for the determination of the 

instantaneous corrosion rates, so to confirm that 3000 ppm is our optimal inhibitor 

concentration for the essential oil of PL leaves we studied the inhibitory effect by 

electrochemical methods. The PDP curves and Nyquist diagrams of iron in 3% NaCl solution 

without and with the inhibitor at different concentrations of essential oils of PL leaves from 

MIZ after immersion during 30 minutes are given in the Figure 3. 

 

 

Fig. 3. PDP curves and Nyquist diagrams of iron in 3% NaCl solution in the absence and 

presence different concentrations of essential oil of PL leaves from MIZ 

 

As Figure 3 shows, for polarization curves there is a displacement of Ecorr towards the 

anodic direction with an increase of the inhibition efficiency as a function the concentration 

of PL essential oil until reaching an optimal concentration value, which is at 3000 ppm. For 

the Nyquist diagrams, a presence of two loops, one ascribed to the formation of a film and the 

other ascribed to the charge transfer as well as, the increase of the polarization resistance with 

the concentration of PL essential oil. All of these results confirm that the maximum value of 

the inhibition efficiency was evaluated at 75.55% for 3000 ppm. Therefore, according to 

these results we will base thereafter on the 3000 ppm concentration for the different parts of 

PL, whose purpose is a comparative study, on the one hand, between the plant parts (twigs, 

leaves and fruits), on the other hand, collecting region (MIZ and MS).  

3.3.2. Electrochemical measurements of different parts of PL from MIZ and MS 

 Open circuit potential: 
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The results of the open-circuit potential variation of the iron substrate in 3% NaCl 

solution in absence and presence of 3000 ppm of the essential oils from twigs, leaves and 

fruits of PL (MIZ and MS) are reported in Figure 4. 

 

 

Fig. 4. Variation of the open-circuit potential of the iron substrate in 3% NaCl solution in the 

absence and presence of 3000 ppm of PL essential oils 

 

In the absence of inhibitors, the results shows that the potential tends to stabilize at -0,52 

V after 30 min. In the presence of inhibitors, the corrosion potential moves towards the 

positive direction. This significant change in corrosion potential may indicate a significant 

inhibitory effect of our inhibitors. 

 Potentiodynamic Polarization curves: 

The Tafel plots of iron in 3% NaCl solution without and with the essential oils from 

twigs, leaves and fruits of PL MIZ and PL MS at 3000 ppm are presented in Figure 5. 

 

 

Fig. 5. Polarization curves for iron in 3% NaCl solution without and with the essential oils of 

different parts of PL 

 

Tafel polarization curves show that the adsorption of PL essential oils on the iron surface 

causes a decrease in the current density, they shift the corrosion potential to the positive side 
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with respect to Ecorr, that is to say a shifting towards the anodic direction from where a 

blocking observed significantly on the anodic reaction. However, there is a limited effect on 

the cathodic reaction.  

 

Table 3. Electrochemical parameters of the PDP curves for iron in 3%NaCl in the absence 

and presence of 3000 ppm of PL essential oils 

 

 

    The Tafel region of the cathodic portion that displays from -0.6 to -0.9 V/SCE is due to the 

reduction reaction of oxygen in the diffusion control [24]. The concentration at 3000 ppm of 

the essential oils from twigs, leaves and fruits of PL from MIZ and MS, resulting in a reduced 

to icorr and an increase in the inhibition efficacy (Table 3). This may indicate that various 

inhibitors protect the iron surface; such protection can be attributed to a passive iron substrate 

resulting from the formation of an inhibitor film on the surface of the iron electrode [25,26].  

It can be seen in Table 3 that the best maximum values of inhibition efficiency are 

91.99% and 96.11% attributed to the essential oils PL twigs from MIZ and PL fruits from 

MS, respectively are achieved at 3000 ppm. 

 EIS measurements: 

To better understand the mechanism of action of our inhibitors and confirm the results 

obtained by the PDP curves, we plotted the EIS measurements of the iron corrosion potential 

Ecorr after 30 min immersion in neutral chloride solution. The results of this method are 

represented as Nyquist plots.  

      Figure 7, (a) and (b) presents the two different equivalent circuit models which were 

adopted to obtain the EIS parameters for iron in 3% NaCl solution before and after the 

addition of essential oils of various parts of PL (MIZ and MS). As an example, the Nyquist 

and Bode plots of both experimental and simulated data of iron in 3% NaCl solution without 

and with 3000 ppm of PL essential oils from MIZ are shown in Figure 8 and Figure 9, 

respectively.  

 Concentration 

(ppm) 

−𝑬𝒄𝒐𝒓𝒓 

(mV) 

𝒊𝒄𝒐𝒓𝒓 

(μA/cm2) 

βa 

(mV/dec) 

-βc 

(mV/dec) 

𝜼𝑷𝑫𝑷 

(%) 

3% NaCl Blank ----- 527.51 78.23 76.5 464.4 ----- 

PL Oils 

from MIZ 

Fruits 

Leaves 

Twigs 

3000 

3000 

3000 

548.46 

464.85 

422.94 

68.336 

23.468 

6.267 

77.0 

74.9 

54.3 

316.5 

161.5 

91.2 

12.64 

70.00 

91.99 

PL Oils 

from MS 

Twigs 

Leaves 

Fruits 

3000 

3000 

3000 

519.94 

478.80 

457.59 

7.899 

5.492 

3.040 

48.5 

61.1 

73.2 

93.8 

72.5 

59.8 

89.90 

92.98 

96.11 
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In both circuits, RS represent the solution resistance, R1 is the resistance of the surface 

film, Q1 is the capacitance due to the dielectric nature of the surface film, R2 is the charge 

transfer resistance related to the process corrosion with Q2, which is an constant phase 

element representing the capacitance of the electric double-layer at the iron/3% NaCl solution 

interface. The Nyquist plots of iron in 3% NaCl medium without and with essential oils from 

various plant parts of PL are illustrated in Figure 6. 

 

 

Fig. 6. Nyquist diagrams for iron in 3% NaCl without and with the essential oils from 

different parts of PL 

 

According to Figure 6, in the absence of the inhibitors it can be seen that the 

electrochemical impedance spectra present one capacitive loop with a low frequency 

dispersion. However, the addition of inhibitors shows the appearance of two capacitive loops 

except in the case of PL twigs was the appearance of one loop, with an increase of the 

polarization resistance, this increase is more pronounced on the essential oil of PL twigs from 

MIZ. The high frequencies, the size of the capacitive loop increases with addition of 

inhibitors, this can be ascribed to the formation of a protective film on the metal surface. The 

low frequencies, the inhibitory effect results in an increase of the value of the charge transfer 

resistance R2 that has a significant variation with inhibitors [27]. 

From the impedance data given in Table 4, we note that the introduction of the inhibitors 

into the 3% NaCl solution caused an increase in polarization resistance, while reducing the 

electric double-layer capacitance values and therefore the inhibition efficiency increases. This 

effect becomes more pronounced for the two best inhibitors: essential oils of PL twigs from 

MZ with a maximum value of inhibition efficiency attain 81.45% and 72.01% for PL fruits 

from MS at a concentration of 3000 ppm. The increase in the diameter of the Nyquist half-

circle towards a better resistance to corrosion due to the corrosion inhibitory properties of the 

constituents of the two best PL essential oils. Summing up the results, it can be concluded 

that the essential oils of PL twigs from MZ is most efficient among all the tested inhibitors. 
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Table 4. The electrochemical parameters derived from impedance diagrams of iron in 3% 

NaCl solution in the absence and presence of 3000 ppm of PL essential oils 

 

 C 

3000 

ppm 

Rs 

(Ohm) 

R1 

(Ohm) 

Q1×10-3 

F s(n-1) 
𝑛1 

R2 

(Ohm) 

Q2×10-3 

F s(n-1) 
𝑛2 

Rp 

(Ohm) 

𝜂𝐸𝐼𝑆 

% 

3%NaCl Blank 7.811 87.56 1.109 0.730 128.6 6.574 0.935 216.1 - 

PL Oils 

from MIZ 

Fruits 10.75 147.6 0.848 0.697 278.4 2.91 0.694 426 49.27 

Leaves 9.642 180.7 0.149 0.759 703.4 3.209 0.430 884.1 75.55 

Twigs 10.49 - - - 1165 0.266 0.733 1165 81.45 

PL Oils 

from MS 

Fruits 10.78 - - - 772.3 0.301 0.618 772.3 72.01 

Leaves 9.638 - - - 644.5 0.325 0.680 644.5 66.47 

Twigs 8.648 - - - 475.7 0.870 0.687 475.7 54.57 

 

 

 

Fig. 7.  The equivalent circuits used for modelling the interface of iron / 3% NaCl solution 

without and with PL essential oils 

 

 

 

 

Fig. 8. EIS Nyquist and Bode plots for iron in 3% NaCl solution: (…) experimental; (−) fitted 

data using structural model in Fig. 7  
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Fig. 9. EIS Nyquist and Bode plots for iron in 3% NaCl with 3000 ppm of PL essential oil 

from MIZ: (…) experimental; (−) fitted data using structural model in Fig. 7  

 

3.4. Mechanism of inhibition properties 

In neutral medium, iron surface is covered with films of oxides, hydroxides, or salts, 

owing to the reduced solubility of these species. Thus, for oxide-covered surfaces, corrosion 

inhibitors in neutral medium must also compete with water molecules for adsorption sites. 

That is, the aggressive and inhibitive ions compete for adsorption sites on the oxide-covered 

iron surface.  Nevertheless, the corrosion inhibitors can interact strongly with a surface even 

if it is oxide covered [28].  

PL essential oils contain mixtures of organic compounds including the heteroatom 

oxygen in functional groups (C=O, C-O, O-H) and π-electrons of the aromatic ring and the 

double bonds (C=C) in their structure, which meets the general characteristics of typical 

corrosion inhibitors. Owing to the complex chemical composition of the PL essential oils, it 

is quite difficult to predict the inhibitive effect to a particular constituent. It could be 

attributed to the main constituents, but mainly due to the synergistic effect of each and every 

phytoconstituent of PL essential oils. Because the iron surface is oxide-covered, the main role 

of the inhibitor in neutral medium is to make oxide films protective and to keep them so. 

 

4. CONCLUSION 

The essential oils obtained by hydrodistillation of PT (twigs, leaves and fruits) from MIZ 

and MS are analyzed by GC/MS allowed the identification of 50 compounds with 

quantitative and qualitative difference. This difference depending exclusively on the 

collecting region and the extracted parts. The PL essential oils act as effective corrosion 

inhibitors for iron in 3% NaCl solution, their inhibition efficiency related with concentration, 

chemical composition and collecting region at a concentration of 3000 ppm, PL essential oils 
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showed the inhibition efficiency reaches 81.45%. Potentiodynamic polarization 

measurements demonstrate that PL essential oils act as mixed-type inhibitors. The results 

obtained from different techniques used in this research are in good agreement and revealed 

that PL essential oils fulfills the requirements to be used as a green corrosion inhibitors 

against iron corrosion in neural chloride media. Based on the above-mentioned results, PL 

essential oils can be replaced synthetic organic inhibitors due to follow main advantages, i.e. 

inhibition efficiency, environmentally friendly, biodegradable in nature, readily available and 

are synthesis by simple procedure with a low cost. 
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