
Anal. Bioanal. Electrochem., Vol. 11, No. 7, 2019, 913-929 

 

 

 

 

 

 

 

Full Paper 

Corrosion Inhibition of Aluminum in Hydrochloric Acid 

Medium by Essential Oil of Eucalyptus camaldulensis and 

Myrtus Communis 

Amal Ennouri,* Mohamed Essahli and Abdeslam Lamiri 

 Hassan 1st University, Faculty of Science and Techniques, Laboratory of Applied Chemistry 

and Environment, B.P. 577, Settat, Morocco 

*Corresponding Author, Tel.:+212690239202 

E-Mail:amal.ennouri@gmail.com 

Received: 6 March 2019 / Accepted with minor revision: 3 July2019/ 

Published online: 31 July 2019 

 

Abstract-The action of inhibition of the essential oil of Eucalyptus camaldulensis and Myrtus 

Communis on aluminum corrosion in a 1 M HCL solution in a temperature range of 288 to 

318 K was measured using the methods of the polarizing Potentiodynamic and Spectroscopy 

of Electrochemical impedance. The acquired results prove that the both oils prevents the 

corrosion of aluminum in solution of 1M HCL and that the efficiency of the inhibition 

increases by the augment of the concentration of the oils to attain 88.43% for Eucalyptus oil 

and 89.06% for Myrtle oil at 1000 ppm, as well as decreases proportionally by the augment 

of the temperature. Potentiodynamic polarization studies show that the inhibitors are anodic. 

The values of dissolution kinetics were studied. The results obtained showed that the essential 

oil of E. camaldulensis and M. Communis (Myrtaceae), might serve as effective inhibitors of 

the corrosion of aluminum in hydrochloric acid solution. 

Keywords-Aluminum, Corrosion, Eucalyptus camaldulensis, Myrtus Communis, 

Hydrochloric acid 

 

1. INTRODUCTION  

Aluminum is a white metal that has some interesting characteristics such as hardness and 

strength. It is resistant and highly electropositive due to its tough film formed by oxides 

which is on the surface. 
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This surface film is amphoteric in nature, so the metal can solubilize in alkaline and 

strong acid environments.  Hydrochloric acid solutions are generally used for pickling of 

aluminum and electrochemical engraving processes that usually guide to substantial loss of 

metal to corrosion. Aluminum is used in many fields such as industry, domestic applications. 

The use of inhibitors remains a good method to provide corrosion protection for metals 

[1]. To protect metals from aqueous corrosion, organic inhibitors are used. They represent the 

best economic solution and practical method [2-4]. In the structures of these inhibitors there 

are heteroatoms such as sulfur, nitrogen and oxygen; there are also multiple bonds, and may 

also contain cyclic hydrocarbons [4-7]. The mechanism of inhibition is carried out by 

adsorption which depends on the number of hetero atoms and the surface of the corrosive 

metal / alloy [8-9]. These reasons incited us to take advantage of the electrochemical 

techniques present in our laboratory to study natural extracts of essential oil as inhibitors of 

corrosion. We found that the thyme [10], Fenugreek extract [11], the artemisia [12], the Atlas 

cedar oil [13], the spearmint [14], the Lippia citriodora oil [15], etc. can really be very 

effective inhibitors of corrosion in acid medium. 

The aim of our work is to analyze the essential oils composition by GC-MS, and to look 

at closely in order to detail the inhibitory action of corrosion of aluminum by Eucalyptus 

camaldulensis and Myrtus Communis essential oils, using electrochemical methods 

(stationary and transient). Furthermore the concentration variation and its effect of the 

inhibitor and the medium temperature were evaluated also. 

 

2. MATERIAL AND METHODS 

2.1. Plant material 

The following medicinal plants, Eucalyptus (Eucalyptus camaldulensis), and Myrtle 

(Myrtus communis) were collected from its natural habitat from khouribga and Marrakech in 

Morocco, successively. To reduce the moisture content in the leaves, they were chopped into 

small pieces and cured in the laboratory in a dark environment at room temperature for three 

days. The oils were obtained by the steam distillation method using the Clevenger apparatus. 

The extraction time is about 3 h in average.  In a dark bottle, the essential oil has been stored 

and maintained at 4°C. A part of this inhibitor was used for the analysis of the chemical 

composition by gas chromatography, and the other amount was worn for the tests of the anti-

corrosion activity. 

 

2.2. Preparation of the solution 

The preparation of HCl solution 1M was done by dilution of the hydrochloric acid of 

analytical quality 37% with some distilled water. The tests solutions were prepared freshly 
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before every experience. The extract was added to the corrosive solution directly. To verify 

reproducibility, the assays were redone three times. 

 

2.3. Electrochemical measurement 

The electrochemical experiments were performed in a pyrex cell, equipped with a 

conventional three-electrode: Aluminum as the working electrode in the form of discs 

Aluminum as the working electrode in the form of discs (1 cm2), counter electrode is the 

platinum, and reference electrodeis the electrode ECS saturated calomel.  Aluminum disc was 

abraded with sandpaper to different particle size up to 1200, degreased with acetone, rinsed 

with distilled water and dried before use. The measurements are carried out at an assembly 

composed of a potentiostatic/galvanostat PGZ100, a radiometer type combined with a 

"voltamaster4" software.    

The curves of potentiodynamic polarization were achieved by scanning the potential. The 

scan rate was 10mV/sec. The measure electrochemical impedance spectroscopy (EIS) was 

performed with the same electrochemical system. The frequencies between 100 KHz and 10 

mHz were superposed on the potential for corrosion and various other potential points. The 

diagrams given in the impedances are Nyquist representation. 

 

3. RESULTS AND DISCUSSION 

3.1. Chemical composition of the oil analysis 

The most important compounds of both essential oils Eucalyptus and Myrtle and their 

percentage were obtained using GC/MS (Figure 1 and Table 1). 

The major compounds of Myrtle oil, were 1.8-Cineole (48.81%) followed by Acetate 

myrtenyl (36.67%) and α-pinene (13.22%). Eucalyptus oil contained also 1.8-Cineole as 

major element (34.22%) followed by cedrol (16.13%) and myrtenal (11.34%). 

 

 

 

Fig. 1. Chromatogram of the essential oil of (a) Eucalyptus and (b) Myrtle 
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Table 1. Chemical composition (%) of essential oils of Eucalyptus and Myrtle from Morocco 

by gas chromatography/mass spectroscopy (GC/MS) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

3.2. Effect of concentration 

3.2.1. potentiodynamic polarization measurements 

The plots of land of cathodic and anodic polarization of the aluminum immersed in HCl 

1M in 25°C in absence and in the presence of various concentrations of the inhibitors are 

shown in the figure 2. The electrochemical data, the potential of corrosion (Ecorr), the slopes 

Component Eucalyptus 

% peak area 

Myrtle 

% peak area 

anisole 

tricyclene 

carene(2) 

cineol (1.8) 

cymen (para) 

1.31 

1.14 

1.01 

34.22 

10.56 

-- 

-- 

-- 

48.81 

-- 

limonene 

ocimene (trans) 

camphenone (6) 

campholenal (alpha) 

camphene hydrate 

terpineol 4 

myrtenal 

carvone 

nopol 

thymol 

menthylacetate 

citronellylacetate 

gurjunese «gamma-» 

cedrol 

guafol 

eudesmol «beta-» 

isoelemicin«trans-» 

α-pinene 

thujone (alpha) 

Isosafrole "cis" 

4.51 

0.58 

0.37 

0.31 

0.17 

3.84 

11.34 

2.81 

2.66 

0.40 

0.52 

0.61 

0.26 

16.13 

6.28 

0.71 

0.22 

-- 

-- 

-- 

-- 

-- 

-- 

-- 

-- 

-- 

36.67 

-- 

-- 

-- 

-- 

-- 

-- 

-- 

-- 

-- 

-- 

13.22 

0.63 

0.67 
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of cathodic Tafel ( ßc ) and anodic ( ßa ), the current density of corrosion ( Icorr), are illustrated 

in table 2. The efficiency of the inhibition (%) is calculated by the next formula: 

IE% =
Icorr−I′corr

Icorr
 ×100                                                                                                             (1) 

Icorr and I'corr represent respectively the current densities of corrosion determined by 

extrapolation of the rights of Tafel to the potentiel of  corrosion without and with inhibitor 

addition. 

In the used experimental conditions, the cathodic branch represents the reactions of 

hydrogen evolutionand the anodic branch represents the dissolution of the aluminum. The 

inspection of the results shows that the current density of corrosion (Icorr) descreased in 

association with the oil. This behavior translates its capacity to inhibit the aluminum 

corrosion in a solution of HCl 1M. 

 

 

Fig. 2. Curves of polarization of the aluminum in HCl 1M without and with addition of the 

oil of (a) Eucalyptus and (b) Myrtle, with various concentrations at T=25 °C 

 

Table 2. Electrochemical parameters of the aluminum in HCl 1M, without and with addition 

of the inhibitors with various concentrations in 25°C 

 
Conc. 

(ppm) 

Ecorr 

(mV vs. ECS) 

Icorr 

(mA/cm2) 

βc 

(mV/dec) 

βa(mV/

dec) 

Rp 

(Ω. Cm2) 

E% 

(Icorr) 

Blank - - - -775.8 4.0312 -274.5 4.51 79.8 - - - 

 

Eucalyptus 

essential oil 

400 -766.4 1.2199 -268.3 34.6 21.58 69.73 

600 -768.3 1.0769 -257.4 32.8 25.07 73.28 

800 -767.1 0.9446 -256.6 31.2 26.19 76.56 

1000 -775.6 0.4661 -226 26.2 59.91 88.43 

1200 -765.6 0.4675 -277.6 30.1 50.5 88.40 

 

Myrtle 

essential oil 

400 -767.4 0.8350 -245.7 101.7 31.99 79.28 

600 -771.5 0.6680 -231.8 96.8 38.45 83.42 

800 -773.6 0.4992 -241.7 24.4 61.04 87.61 

1000 -777.9 0.4408 -248 25.5 51.32 89.06 

1200 -774.6 0.4419 -264.7 25.5 76.02 89.03 
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According to Figure 2 and Table 2, we note that in the existence of the oil:  

 The current density Icorr of the corrosion decreases as the inhibitor concentration increases.  

 The Ecorr values are modified by the addition of the oil, and it is observed that the inhibitory 

efficiency E (%) increases with increasing the inhibitor’s concentration.  

 The inhibitor can be classified as cathodic or anodic, if the difference in Ecorr is greater than 

85 mV relative to the Ecorr of the blank [16], the values of Ecorr vary to the anodic potential 

by the addition of both oils separately. 

This observation clearly shows that this oil can be classified among mixed inhibitors with 

an anodic pattern. 

 Cathodic Tafel slopes (βc) have significantly changed with the addition of Eucalyptus and 

Myrtle oil, indicating that the adsorbed inhibitory molecules affect the development of 

hydrogen, which is not reduced only by the locking surface effect.  

 The results also show that the anodic Tafel slopes (βa) vary with the addition of the 

inhibitors, indicating a change in the metal dissolution process. 

The inhibition efficiency values calculated on the values of Icorr obtained in the absence and 

presence of inhibitors reached 88.43% for Eucalyptus oil and 89.06% for Myrtle oil at 1000 

ppm, (Figure3). Further research found that oil of Eucalyptus can be very efficient corrosion 

inhibitors for mild steel in acidic media [17,18], also Bozorg et all [19], demonstrate that in 

sulphuric acid solution, Myrtus Communis extract is a very effective corrosion inhibitor for 

copper. 

 

 

Fig. 3. Variation of the efficiency of aluminum corrosion inhibition in 1M HCl in the 

presence of (a) Eucalyptus and (b) Myrtle oil, at various concentrations at 25 °C 

 

3.2.2. Electrochemical impedance spectroscopy (EIS) 

Figure 4 represents the Nyquist diagrams for aluminum in 1 M HCl at 25°C without and 

with various concentrations of Eucalyptus and Myrtle oil. the impedance spectra are 

composed of a high capacitive loop and then a high inductive loop at low frequency. 

Generally, the small inductive loop at low frequency (LF) is always observed for aluminum 

in hydrochloric acid [20-23], and in high frequencies, the diameter of the inductive loop is 
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considerably lower than that of the capacitive loop . After adding oil of Eucalyptus and 

Myrtle, the shape is not changed throughout a series of inhibitor concentrations, indicating 

that there is almost no change in the occuring corrosion mechanism due to the inhibitor 

addition. 

Depending on Mansfeld et al. [24], Bessone et al. [25], Wit and Lenderink [26], and Brett 

[27], at HF,  the capacitive loop  may be  dedicated  to the formation of oxide layer on Al. In 

the studies, it is possible to consider that the electrode surface has been coated with an oxide 

layer because of the ex situ pre-treatment of the electrode. In fact, it is very difficult to 

produce an oxide free Al surface. Even if producing such a surface, it is repassivated very fast 

by O2 [28]. At HF, the capacitive loop  is corresponding to the interfacial reactions,in that it 

corresponds to the oxidation reaction of aluminium at the interface metal/oxide/electrolyte 

[27]. In the current system, the oxide layer is diluted in 1M HCl. The dissolution process 

mainly consists of the formation of Al+ ions at the metal/oxide interface that are passed 

through the oxide/solution interface and then oxidized to Al3+. 

In the presense of inhibitor, the complex of [metal-oxide-hydroxide-inhibitor]ads coulde 

also be formed [29].The inability to represent all these processes in a single loop can be 

explained by the assumption that one process overlaps and thus excludes the other processes 

[30].   

Elseways,the reason for the low-frequency inductive loop is still uncertain. The discharge 

of adsorbed loaded intermediates can lead to the formation of an inductive loop [31]. This is 

more marked when the intermediates are strongly adsorbed.The relaxations of adsorbed 

species include Hads
+ [28], Cl- [29], O2- ion [32] or inhibitor species [33] on the electrode 

surface. It could also be caused by the redissolution of the surface of the oxide layer [34] or 

the dissolution of Al [35] at low frequency. Inductive performance is also present for the 

active pitted state and assigned to the surface modulation or modulation of the salt film 

properties [36]. Nevertheless, the dimensions of capacitive and inductive loops significantly 

increase with increasing of concentration of oils. This suggests that the impedance of 

inhibited substrate increases with concentration of oils, which in turn leads to lower corrosion 

of Al. Noticeably, these high frequency loops are not perfect semicircles which can be 

attributer to the frequency dispersion as a result of the rough and inhomogeneous electrode 

surface [37]. The dielectric parametres are given in table 3. The values of RT
′   increase with 

the growth of the concentration of inhibitor while Cdl values decrease. Increasing values 

RT
′  can indicate the creation of a layer of protection on the electrode surface [38]. The 

following equation expresses the inhibitory effectivenes: 

E % =
RT

′ −RT

RT
′  ×  100                                                                                                                (2) 

Where RT and RT' are respectively the aluminum charge transfer resistance in 1M HCl 

medium in the absence and presence of the inhibitor at Ecorr = -777 mV/ECS. 
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The charge transfer resistance values (RT) were calculated basing on the difference 

between impedance values at lower and higher frequencies. 

The ability of the frequency (fmax) and the double layer (Cdl) at which the imaginary 

component of the impedance is highest (-Zmax) are represented by:  

𝐶𝑑𝑙 =
1

2𝜋𝑓𝑚𝑎𝑥𝑅𝑇
                                                                                                                      (3) 

The values of Cdl are judged less than those of the blank values, confirming the adsorption 

of inhibitor onto the metal surface forming an electronic double layer [39]. 

These results are in good agreement with those obtained by polarization where 

Eucalyptus and Myrtle oil proves to be a good inhibitors for aluminum mid acid 1M HCl 

with an efficiency attained 90.05% and 86.53% for Eucalyptus and Myrtle oil 

respectively at 1000 ppm (Table 3). 

 

 

 

Fig. 4. Nyquist diagram of aluminum in 1M HCl with and without addition of the oils of (a) 

Eucalyptus and (b) Myrtle, at different concentrations at T=25 °C 

 

Table 3. Parameters obtained graphically from the diagrams shown in Figure 4 of aluminum 

in 1M HCl with and without addition of the inhibitors at various concentrations at 25 ° C 

 
Conc. 

(ppm) 

Rt 

(Ω.cm2) 

fm 

(Hz) 

Cdl 

(µ F .cm–2) 

E 

(%) 

Blank - - - 10.88 223.39 65.48 - - - 

 

Eucalyptus 

essential oil 

400 37.14 158.30 27.07 70.70 

600 42.25 158.27 23.80 74.24 

800 59.64 111.65 23.90 81.76 

1000 109.4 50.01 29.09 90.05 

1200 96.38 65.29 25.29 88.71 

 

 

 

 

 

Myrtle 

essential oil 

 

400 52.58 111.65 27.11 79.30 

600 70.20 100.00 22.67 84.5 

800 76 .70 79.38 26.14 85.81 

1000 80.80 111.66 17.64 86.53 

1200 80.91 96.94 20.29 86.55 
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In such a corrosion process, an intermediate stage of adsorption of the species can take 

place in the electrode. This is presented on the impedance diagram, represented in the 

Nyquist plots, by an inductive loop (Figure 4) [40]. It is simulated  by an inductance L and a 

resistance R in parallel with the Randles circuit [41,42].  

 

 

Fig. 5.Equivalent circuit used to model the impedance diagrams made in corrosion potential 

 

The total impedance of the circuit is given by the following relation: 

Z-1 = Zf
-1 + jwCd                                                                                                                                                                            (4) 

The faradic impedance is calculated in the following way: 

Zf
-1= Rt

-1 + ( ρ + jlw )-1                                                                                                                                                             (5) 

by considering equation (3) and the load transfer resistor Rtc 

Rtc =
𝑅𝑇

𝑛𝐹𝐼0
                                                                                                                                (6) 

The comparison of both techniques shows that the IE(%) obtained by using the 

impedance technique is comparable and is parallel to those obtained by polarization curves 

(Figure 6). 

 

 

 

 

Fig. 6. Comparison of the efficacy of inhibition achieved by the use of the polarization curves 

and impedance measurements for the oil of (a) Eucalyptus and (b) Myrtle 
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3.3. Effect of temperature  

Temperature is a significant parameter that has an impact on corrosion. Measurements are 

taken at different temperatures (288-318 K) in the absence and presence of 1000 ppm of 

eucalyptus and Myrtle oil in 1M HCl. 

The effect of temperature on the aluminum without and whit addition of inhibitors, 

carried by the polarization measurement is respectively given in Figure 7. The 

electrochemical factors resulting from these figures are summarized in Table 4. 

 

 

 

 

Fig. 7. Effect of temperature on the cathodic and anodic reactions to aluminum in (a) 1 M 

HCl; (b) 1M HCl+1000 ppm of Eucalyptus oil; and (c) 1 M HCl+1000 ppm of Myrtle oil 

 

Figure 7 and Table 4 indicate that there is a general increase in the intensity of corrosion 

with increasing temperature from 288-318 K. The solution becomes more corrosive with the 

temperature rise and the corrosive power becomes less effective. This means that the oil is 

adsorbed on onto the metal through electrostatic bonds (weak bonds). This type of 

temperature-sensitive links cannot fight effectively against corrosion with increasing 

temperature [43].   

For the acid corrosion, many authors [44] using the Arrhenius equation to account for the 

effect of temperature (T) on the rate of corrosion and therefore consider that the log of 

corrosion rate W to be a linear equation of T-1.  
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We can determine the energies of activation from the following relationships: 

Icorr= K exp (-Ea/RT)                                                                                                                (7) 

I = K’exp (-Ea
′ /RT)                                                                                                                  (8) 

In which k and k' are constants (prer – exponential Arrhenius parameter), and Ea and Ea
′ , 

in the absence and presence of the inhibitors, respectively.  

 

Table 4. Parameters of electrochemical aluminum in 1M HCl with and without inhibitors, at 

different temperatures 

 
T (°C) corrE 

(mV vs ECS) 

)2(mA/cmcorrI (mV/dec)cb (mV/dec)ab )corrE%(I 

 

Blank 

 

15 -749.2 3.5900 -1099.7 891 --- 

25 -775.8 4.0312 -274.5 798 --- 

35 -766.4 4.5654 -464.7 217.4 --- 

45 -782.9 5.2015 -352.1 174.9 --- 

Essential oil of 

Eucalyptus 

15 -759.4 0.2148 -156.1 24 94.01 

25 -775.6 0.4661 -226 26.2 88.43 

35 -778.4 1.2908 -255.6 49.5 71.72 

45 -780.8 2.4927 -284.9 64.8 52.07 

 

Essential oil of 

Myrtle 

15 -775.3 0.3013 -162.6 25.2 91.60 

25 -777.9 0.4408 -248 25.5 89.06 

35 -770.5 0.6696 -255.6 38.6 85.33 

45 -782.4 1.0400 -269.2 63.5 80.00 

 

Some conclusions on the mechanism of action of the inhibitors may be obtained by 

comparing measured Ea to both the presence and absence of the corrosion inhibitor. Figure 8 

shows the Arrhenius plot coordinates of the aluminum corrosion rate in 1M HCl in the 

absence and presence of eucalyptus and Myrtle oil to 1000 ppm. 

 

 

Fig. 8. Arrhenius diagram of the dissolution of aluminum in 1M HCl at different 

temperatures in the absence and presence of (a) Eucalyptus and (b) Myrtle oil 
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The modification of the corrosion current logarithm as a function of T-1 gives lines 

showing that Arrhenius distribution is adhered to. The figures for the activation energy from 

these rows are given in Table 5.  

 

Table 5. Energy of activation of dissolution of aluminum in 1M HCl alone, and in the 

presence of inhibitors 

 

 

 

 

 

 

The activation energy values for the corrosion inhibition reactions in the presence and the 

absence of inhibitors (Table 5) are computed by the equation (7). The increase of the 

activation energy in presence of the oils can be considered due to his physical adsorption 

[45,46]. 

The kinetic parameters, entropy and enthalpy of the process of corrosion are also 

evaluated from the study of the influence of temperature. Another expression is the equation 

of Arrhenius [47]: 

Icorr = 
𝑅𝑇

𝑁ℎ
  × exp ( 

𝛥𝑆𝑎

𝑅
) × exp (-

𝛥𝐻𝑎

𝑅𝑇
)                                                                                          (9) 

where h is Planck's constant, N is the number of Avagadro, ΔSa is the entropy of activation, 

and the ΔHa is the activation enthalpy. Figure 9 illustrates the curves of Ln (Icorr/T) with 

relation to 1/T. The straight lines are obtained with a slope -ΔHa/R and an intercept (Ln 

R/Nh+ΔSa/R), from which values of ΔSa and ΔHa can be calculated, these values are given in 

table 6. 

 

 

 

Fig. 9. Relations between Ln (Icorr/T) and 1000/T at different temperatures 

 

 

Echantillon Regression coefficient (r) Ea/(kJ / mol) 

Blanc 0.99533 9.41 

Essential  oil of Eucalyptus 0.99208 63.81 

Essential  oil of  Myrtle 0.99424 31.45 
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Table 6. The values of activation parameters ΔHa and ΔSa, for aluminum in 1M HCl in the 

absence and in the presence of 1000 ppm of inhibitors 

 

 

The sign of the enthalpy value is positive, reflecting that the nature of the aluminium 

dissolution process is endothermic. Indeed, the increase in enthalpy ΔHa activation 

corresponds to a decrease of the dissolution of the metal. 

And high negative values of the entropy ΔSa mean that there is decrease of the disorder 

when processing complex reagents active in the solution [48]. 

The thermodynamic data confirmsthe physisorption of oils on the surface of the pure 

aluminum 1M HCl medium. 

The value of the free energy of adsorption, ΔGads of the oil on the Al surface were 

calculated using the equation (10) [48], this value are given in Table 7. 

∆Gads =- 2.303 RT log (55.5K)                                                                                              (10) 

K=θ/1-θ 

Where R is the universal gas constant 55.5 is the water concentration in mol/L, θ is the 

degree of coverage of the metal surface. 

 

Table 7. The values of ∆Gads of aluminum in 1M HCl in the presence of 1000 ppm of 

inhibitors at T=298K  

 

 

 

 

The values of ΔGads were negative in 298K for eucalyptus and Myrtle oil indicating 

spontaneous adsorption of the inhibitors on the surface of aluminum, by the physisorption 

mechanism (ΔGads  inferior to  40 kJ/mol) [49]. 

 

3.4. Explanation of the inhibition  

The inhibitive action of the Eucalyptus and Myrtle oils toward the acid corrosion of 

aluminum can be attributed to the adsorption of the components of the oil on the aluminum 

surface. Some of these important constituents of Eucalyptus are Cineol, Myrtenal and Cedrol. 

Echantillon Regression coefficient (r) ΔHa(KJ/mole) ΔSa(J/mole1.K1) 

Blank 0.99249 6.89 -210.28 

Essential  oil of Eucalyptus 0.99142 61.29 -45 

Essential oil of Myrtle 0.99345 28.94 -154.53 

 Essential oil of Eucalyptus Essential oil of Myrtle 

∆Gads ( kJ / mol ) -15.003 -15.16 
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Also Myrtle oil, contains 1.8-Cineole,  Acetate myrtenyl and α-pinene. Clearly, the 

compounds have numerous oxygen atoms in functional groups of O-H, C=O, C-O and O-

heterocyclic rings, which meets the general measuring conditions of the standard  corrosion 

inhibitors. As we have seen earlier for the activation  parameters, the adsorption is principally  

the physical adsorption. Consequently, the adsorption mechanism is presented. These 

compounds could be protonated in the acid solution due to the interaction between O atome 

and H+. in an HCl aqueous solution,  the mechanism for anodic dissolution of aluminium  has 

been recommended as follows [50]:  

𝐴𝑙 + 𝐶𝑙− ↔ 𝐴𝑙𝐶𝑙𝑎𝑑𝑠
−                                                                                                               (11) 

𝐴𝑙𝐶𝑙𝑎𝑑𝑠
− + 𝐶𝑙− → ˉ𝐴𝑙𝐶𝑙2

+ + 3𝑒−                                                                                            (12) 

As mentioned above, the protonated compounds in Eucalyptus and Myrtle oil can interact 

with AlCl-ads species which are formed in step (11) through electrostatical force, and then 

prevent oxidation reaction of AlCl-ads to AlCl2
+ as shown by reaction (12). 

Also, owing to lone-pair electrons of O atoms of these main constituents, these 

compounds may combine with Al3+ ions to form the metal inhibitor complexes. These 

compounds may be absorbed on the aluminum surface by van der Waals forces to form a 

protective film which keeps aluminum from corrosion. 

 

4. CONCLUSION 

It appears from this study that chemical analysis shows that 1.8-Cineole can be the major 

component of Eucalyptus and Myrtle oil.The essential oil of Eucalyptus and Myrtle is an 

effective inhibitor of the corrosion of aluminum in a HCl solution 1M. The inhibitory 

effectiveness increases with the concentration to achieve 88.43% for Eucalyptus oil and 

89.06% for Myrtle oil at 1000 ppm.The results of the Polarization studies suggest that the 

inhibitors acts mainly by an anodic process.The values of the adsorption constants of both 

essential oils are characterized by physical adsorption of the inhibitors on the surface of 

aluminum.The values of ΔGads negative and less than 40 kJ/mol prove that it is a physical 

adsorption, and the adsorption process is spontaneous. The inhibitor’s effectiveness values  

determined by electrochemical polarization and by electrochemical impedance spectroscopy 

are in good agreement. The findings of this study showed that the use of green corrosion 

inhibitors is a good solution to follow in the search for safer and more ecological protection 

against metal corrosion. The use of green inhibitors also has the potential to be cost-effective 

due to the potential to regenerate its resources. 
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