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Abstract- The aim of this work is the study of the inhibition corrosion of copper in 

hydrochloric acid solution 2M using essential oil of ammodaucus leucotrichus Coss. & Dur. 

noted (AEO). Its protective ability is evaluated by weight loss measurements, electrochemical 

impedance spectroscopy (EIS) and polarization curves, at different concentrations of the oil (0-

3000 ppm) and by varying the temperature of the solution (298-328K). The polarization curves 

highlight the cathodic character of this eco-friendly inhibitor. However, the corrosion rate was 

reduced when the concentration of AEO is increased and achieves about 70% after 6h 

immersion in corrosive media containing 3000 ppm of AEO. This important protection ability 

is relied to the formation of a protective film over the metal, which its adsorption is governed 

by the Langmuir isotherm model. The negative values of the free standard adsorption energy 

ΔGads confirm the spontaneity of the reaction. Interestingly, scanning electron microscopy 

(SEM) analysis underlines a remarkable enhancement on the surface of copper exposed to the 

corrosive media, in presence of AEO and hence, its efficiency as an ecofriendly inhibitor for 

copper surface. 

 

Keywords- Ammodaucus leucotrichus essential oil; Corrosion inhibitor; Copper; Weight loss; 

electrochemical impedance spectroscopy  
 

1. INTRODUCTION  

Corrosion is an important economic, environmental and safety issue. It affects many 

structures, particularly metallic materials [1, 2]. This is one of the main causes of the alteration 

and destruction of most installations and equipment. Corrosion phenomena depend on a large 

number of factors that occur not individually, but in more or less complex relationships with 

each other: the nature and structure of the material, surface treatments [3], the environment and 

its chemical characteristics, temperature, the hydrodynamic regime to which the material is 

subject. The aggressive medium constitutes a particularly favourable environment for the 

deterioration of metallic materials. The study of the acid corrosion inhibition of these materials 

is therefore a very attractive field of research [4] because of the wide use of acidic solutions in 

the industry, especially in metal pickling baths and for the cleaning of industrial installations. 

In recent years, the field of corrosion has expanded very rapidly, and is increasingly moving 

towards the development of non-toxic, non-polluting and stable organic molecules. In terms of 

protection, organic inhibitors are an original way to fight against corrosion of metals in an 

aggressive environment [5-7]. Compounds containing unsaturated bonds and /or polar atoms 

such as oxygen (O), nitrogen (N) and sulfur (S) are often good inhibitors of corrosion of metals 

[8-10]; in particular copper in the acidic medium, their mode of action has been the subject of 

several studies [11-20]. Copper is a relatively noble metal often used for the piping of heating 

or cooling systems [21] and in the electronics industry [22-24], its resistance to corrosion in a 

ventilated environment is due to the formation of a protective film; the nature of this film 

depends on the composition of the medium considered. Despite this self-protection property, 

this metal can undergo severe corrosion in aerated acid medium or in polluted industrial 

environments containing chloride ions, sulphates or nitrates [24]. In the literature, most studies 

that are done consider that chloride ions are responsible for the dissolution of cuprous materials 
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and its alloys in hydrochloric acid [25-28]. These factors prompted researchers to work on the 

development of copper alteration to the aggressive action of these acids, the mechanisms of 

formation of corrosion products, as well as the types of corrosion. It is in this context that comes 

this work which is interested in the study of the inhibitory action of the essential oil of 

ammodaucus leucotrichus Coss. & Dur. (AEO) on the copper in hydrochloric acid 2M medium. 

This compound has the advantage of not being toxic and also gave satisfactory results for 

inhibition of corrosion of steel and tinplate in acidic and alkaline medium [29-31]. To our 

knowledge, until now, no work has been reported on the inhibitory effects of essential oil of A. 

leucotrichus on copper in 2M hydrochloric acid solution. For this reason, corrosion parameters 

were determined using the gravimetric method, electrochemical impedance, and 

electrochemical polarization measurements. The surface is characterized by the use of electron 

microscopy (SEM) spectroscopy. 

 

2. EXPERIMENTAL  

2.1.  Extraction of A. leucotrichus essential oil (AEO) 

The whole plant was collected from Beni-Abbes, Province of Béchar (Southwest of 

Algeria). The fruit parts of A. leucotrichus (150 g) were submitted to water-distillation for 3 

hours, using a Clevenger-type apparatus. At the Natural Products Laboratory (Biology 

Department, University of Tlemcen, Algeria), a voucher sample was put under accession No. 

A. 1918. The essential oil was dried over anhydrous sodium sulfate and stored in amber vials 

at +4°C.The extractions were performed in triplicate. 

2.2. Test solutions  

The inhibition tests were conducted on the commercial pure copper in 2M HCl solution, 

at different concentrations of AEO (500-3000 ppm). For each test, freshly prepared test 

solutions were used. All the experiments were conducted in solutions opened to air, at 298K. 

A thermostated bath was used to maintain the temperature of the solution at the desired value. 

2.3. Weight loss measurements 

Gravimetric experiments were carried out in a glass cell placed in a thermostat water bath. 

The aggressive solution volume was 100 mL. Rectangular copper specimens with a surface 

area of 7.6 cm2 were used. The sheets were abraded successively with emery paper graduate 

400, 600, 1200, rinsed with bi-distillated water, degreased with acetone, washed again with bi-

distilled water, then dried using a stream of air and weighted before their immersion into the 

test solution. After 6h of immersion at 298K, the samples were rinsed, dried and weighted using 

an analytical balance. We determined the efficacy of inhibition from the weight loss measures 

collected at the end of specific periods of time in the existence and nonexistence of the inhibitor 

according to the equation (1) [32]: 
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E%=100 ×
Wo−W

Wo
                                                                                                                                 (1)  

where W0 and W are the corrosion rates in the absence and presence of inhibitor respectively. 

2.4. Electrochemical measurements 

The electrochemical measurements were carried out in a double-wall thermostated Pyrex 

cell, equipped with a conventional three-electrode assembly: a platinum electrode, as an 

auxiliary electrode, a saturated calomel electrode (ESC) as reference electrode and a copper as 

the working electrode. The latter is in the form of a disc where only a part of 0.5 cm2 is exposed 

to the aggressive solution. The rest being covered with resin. The electrochemical 

measurements were performed using the Autolab measuring system which includes the 

Potentiostat-Galvanostat type (PGZ 201N), a computer and the Nova1.9 software. The 

electrochemical impedance spectra (EIS) were obtained at the corrosion potential after 1 h of 

immersion at zero current, in a frequency range from 100 KHz to 10 MHz, with a sinusoidal 

potential perturbation of 10 mV. The electrode was polished with emery paper before each 

measure and was directly taken into the test solution. In the potentiodynamic process, intensity-

potential curves E = f(I) or polarization curves of the metal / solution interface were provided. 

The potential applied to the sample varies continuously from -700 to 500 mV vs. SCE with a 

scan rate of 0.5 mV/s from cathodic to anodic direction. The intensity of the current was 

measured between the working electrode and the counter electrode. Before the drawing of these 

curves, the working electrode was maintained at its abandoning potential, into the corrosive 

solution for one hour to define the steady state open circuit potential (Eocp).  

2.5 Surface Analysis 

The surface morphologies of the copper samples were examined by scanning electron 

microscopy (SEM) Quanta 250 FEI instrument, equipped with a field emission filament using 

an acceleration voltage of 5 KV and a working distance of 10 mm. Before analysis, the samples 

were taken out of the HCl solution, cleaned with bidistilled water and dried carefully using a 

stream of air. 

 

3. RESULTS AND DISCUSSION 

3.1. Chemical Characterization of the essential oil 

AEO was obtained by hydrodistillation and characterized using GC-MS (RI), and 13C 

NMR spectroscopic analysis. In total, 11 components accounting for 97.18 % of the oil were 

identified. The chemical composition of the oil was highly dominated by perillaldehyde (87 

%). Limonene (8.2%) was also identified (Table1) [33]. 

 

3.2. Weight loss tests 

The values of corrosion rate (w) and inhibition efficiency (E%) obtained from gravimetric 

measurements, at different concentration of AEO and at 298 K are listed in Table 2. 
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Table 1. Chemical composition of the fruit oil of A. leucotrichus 
 

aOrder of elution and percentages of individual components are given from anapolar column (BP-1), RIab : retention indices 

from anapolar column, RIpc : retention indices on polar column. tr = trace level (<0.05%), nd = not determined. 

 

Table 2. Corrosion parameters for copper in 2M HCl solution in the presence of different 

concentrations of AEO at 298 K, after 6h immersion 

  

Conc. (ppm) Corrosion rate (mg/cm2h) E (%) Surface coverage ( ) 

HCl 2M 0.0353 -----                  ----- 

500 0.0252 28.38 0.28 

1000 0.0209 40.65 0.40 

2000 0.0145 58.84 0.58 

3000 0.0105 70.06 0.70 

 

It is clear from the data that the extracted AEO decreases the corrosion rate of copper 

metal in 2M HCl solution by increasing the concentration oil from 500 to 3000 ppm. The 

enhancement of the inhibition efficiency is about 70%, reveals the importance of using of AEO 

as an efficient corrosion inhibitor. Note in this context that Kalada et al. [6] found an efficiency 

of inhibition of copper corrosion equal to 71% for the extract of Aloe Vera Barbadensis Gel in 

a 2M HCl medium. 

 

Componentsa  RIab RIpc Amount Identification mode 

α-Pinene 930 1012 0.3 RI, MS, 13C-NMR 

β-Pinene 973 nd 0.1 RI, MS 

Myrcene 980 1161 0.1 RI, MS 

δ-3-Carene 1005 1150 0.5 RI, MS, 13C-NMR 

p-Cymene 1011 1271 0.1 RI, MS 

Limonene 1021 1203 8.2 RI, MS, 13C-NMR 

Cuminaldehyde 1220 1782 0.1 RI, MS 

Perillaldehyde 1249 1782 87.0 RI, MS, 13C-NMR 

Perillyl alcohol 1270 2010 tr RI, MS 

Methylperillate 1369 1866 0.6 RI, MS 

γ-Decalactone 1423 nd 0.1 RI, MS 

Total (%)   97.1  
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3.3. Potentiodynamic polarization measurements 

The potentiodynamic polarization plots of copper in 2M HCl solution without and with 

the addition of different concentrations of AEO are shown in Fig. 1. 

 

 

Fig. 1. Polarization curves of copper immersed in 2M HCl in the absence and in the presence 

of different concentrations of AEO at 298 K. 

 

In absence of AEO, the anodic currents display distinct regions: At first, the current 

increases and then stabilizes. This suggests a limited diffusion rate, which is ascribed to the 

mass transport of chloride ions (Cl) to the interface [34]. Then, a Tafel region is detected, 

extending to the peak current density, towards potentials close to -50 mV due to the dissolution 

of copper into Cu+. A region of decreasing currents is noticed, until a minimum is reached, due 

to the formation of CuCl [35,16]. However, it is observed that an extra increase in current 

density leads to a limit value following the formation of CuCl2
− [16]. This latter is responsible 

for the corrosion of copper, either because of its dissolution in the bulk solution or of its new 

oxidation to cupric ions [36,37,25]: 

CuCl + Cl− → CuCl2
−                                                                                                                       (2) 

CuCl2
−

ads →Cu2+ + 2Cl− + e−                                                                                                      (3) 

The cathodic polarization curve exhibits a substantially linear variation from -0.48 V/SCE 

to -0.65 V/SCE, which implies the existence of a kinetically controlled domain. Then, a 

diffusion plateau between -0.7 and -1 V/SCE, is recorded and attributed to the diffusion-

controlled reduction of dissolved oxygen [37,25]. 

 The next equation gives the cathodic reaction of corrosion in HCl [37-39]: 
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O2 + 4H++ 4e−→ 2H2O                                                                                                                         (4) 

A small change of the corrosion potential to cathodic one is observed by the addition of 

various concentrations of inhibitor, which is followed by a reduction in cathodic current. 

Moreover, we observe that the anodic polarization curves are not so much affected by the 

presence of this inhibitor, which shows the cathodic nature of the latter. The electrochemical 

parameters such as: corrosion potential (Ecorr), corrosion current density (icorr) values, cathodic 

and anodic Tafel slopes (bc and ba), as well as inhibition efficiency E(%) for all concentrations 

of the inhibitor in HCl are summarized in Table 3.  

The inhibition efficiency (E%) values are calculated from the following equation: 

100(%)
)(









 −
=

corr

inhcorrcorr

I

II
E                                                                                                                     (5) 

where Icorr and Icorr are the corrosion current density values calculated by extrapolating cathodic 

Tafel lines to the corrosion potential in the existence and absence of an inhibitor, respectively. 

 

Table 3. Corrosion parameters of copper in 2M HCl solution containing different 

concentrations of AEO at 298 K. 

 

Conc.(ppm) 

 

Ecorr vs SCE (mV) icorr (mA cm-2) bc (mV dec-1) ba (mV dec-1) E (%) 

HCl 2M -482 0.395 75.03 125.4     ----- 

1000 -511 0.135 69.5 153.6 65.38 

2000 -500 0.128 63.7 142.5 67.17 

3000 -513 0.103 50.9 135.5 73.58 

 

In the light of the results presented in this table, we note that the inhibitory potency of the 

test compound increases with its concentration to reach a maximum value of about 73.6% at a 

concentration of 3000 ppm.  

It’s important to notice that Boumezzourh et al. [31] have obtained an efficiency of 81% 

at 4g/L using A. leucotrichus essential oil as a corrosion inhibitor of tinplate in 0.5 M oxalic 

acid medium, also, the study by Mansouri et al. [30] on the uses of A. leucotrichus essential oil 

as a corrosion inhibitor of mild steel in HCl solution, showed that the AEO exhibited a high 

inhibition efficiency of 85 % at 3 g/L of the concentration of oil. On the other hand, Shabani et 

al. [40] were used the extract of Calligonum comosum as an inhibitor for copper in 2M HCl, 

the efficiency was 80 % at the concentration of 0.8 g/L. Recall that the inhibition effect depends 

on several factors such as: The metal itself, in terms of its composition, and atomic structure 

[41], the type of the aggressive medium and its concentration, solution temperature [42,43] and 

the chemical composition of the inhibitor. 
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3.4 Electrochemical impedance spectroscopy    

Fig. 2 displays Nyquist impedance diagrams for a copper electrode, after one hour of 

immersion time in hydrochloric acid medium, at the inhibitor concentrations of 1000 to 3000 

ppm. For sake of comparison, the impedance curve of the copper electrode in HCl was also 

presented. 

 

Fig. 2. Nyquist plots for copper in 2M HCl in the absence and presence of various 

concentrations of AEO at 298K. 

 

From this figure, it can be noticed that in the absence of inhibitor and at 1000 ppm and 

2000 ppm of AEO, the impedance plots underline a Warburg line. This indicates that the 

corrosion process under these conditions is governed by a diffusion phenomenon, relied to a 

mass transport during the copper dissolution [38]. 

 

 

(a)                                                            (b) 

Fig.  3.  Electrical equivalent circuit proposed for modeling the Nyquist diagram: (a) Presence 

of a diffusion phenomenon, (b) Presence of a simple capacitive loop. 

 

The equivalent circuit used to model the impedance diagram is composed of the resistor 

of the electrolyte Re, in series with the charge transfer resistor Rtc and W (which is a term 
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corresponding to the semi-infinite diffusion) which are in parallel with the double layer 

capacitance Cdl. A constant phase element (CPE) replaces the Cdl for accurate simulation (Fig. 

3a). 

At a concentration of 3000 ppm of the inhibitor, the spectrum depicts only a capacitive 

loop, with a disappearance of the Warburg line. This remarkable difference in the size, as well 

as the shape of the impedance spectra accompanied by the disappearance of the Warburg 

impedance and the increase of the capacitive loop, can be attributed to the gradual formation 

of a film on the copper surface that creates a barrier to the electron exchange with the medium 

[44]. In this case, the equivalent circuit is presented without the impedance of Warburg (Fig. 

3b). 

The presence of essential oil significantly reduces the corrosion rate of copper in HCl. Its 

inhibition efficiency (E%) is calculated according the equation given below [32]: 

E % = (1-Rt/Rt 
’)× 100                                                                                                                          (6) 

where Rt' and Rt represent the values of the charge transfer resistance in the absence and 

presence of the inhibitor, respectively. 

The electrochemical parameters such as charge transfer resistance Rt, double-layer 

capacitance Cdl derived from Nyquist plots and inhibition efficiency are listed in Table 4. 

 

Table 4.  Impedance parameters for the corrosion of copper at different concentrations of AEO  

at 298 K 

 

Conc. (ppm) Rt ( Ω cm2) Cdl  (µF.cm-2) E (%) 

 

HCl 2M 421.87 62.72 ----- 

1000 671.92 124.37 37.21 

2000 1151.7 101.66 63.36 

3000 1437.2 197.92 70.64 

 

From this table it can be seen that the charge transfer resistance values in the presence of 

AEO are superior to that obtained in the absence of the inhibitor molecules. This increase in 

charge transfer resistance values could be relied to the adsorption of the AEO molecules at the 

copper-acid interface, blocking the active sites on the copper surface and consequently 

enhances the corrosion resistance of the copper in acid medium. It is found that by increasing 

the concentration of essential oil the surface coverage increases as a consequence the inhibition 

efficiency of AEO against the corrosion of copper surface in HCl increases and reach 70% at 

3000 ppm of inhibitor. This value is slightly lower than that obtained by the Tafel extrapolation 

method (73.8%). 
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3.5 Adsorption kinetic 

The inhibition of metal corrosion by organic compounds can be explained either by a 

physical adsorption or chemisorption [37] and depends on the charge of the metal, its nature, 

the organic product's chemical structure and the kind of electrolyte. Recovery rate values (θ) 

for different concentrations of A. leucotrichus essential oil obtained from weight loss 

measurements (Table 2), in the studied temperature range (298-328K), were used to determine 

its adsorption isotherm. Generally, it is very difficult to define the adsorption isotherm 

governing the adsorption of such systems. Thus, different isotherms including Langmuir, 

Temkin, Frumkin and Frundlich were tested to find the suitable adsorption isotherm. The 

choice of the suitable isotherm, which is presented graphically as a straight line was determined 

by the use of the correlation coefficient (R2). The best fit was obtained with the Langmuir 

isotherm. The Langmuir adsorption isotherm model assumes that there is a fixed number of 

energetically identical sites on the surface. Each site can adsorb only one chemical entity. 

Moreover, the model assumes that the interactions between adsorbed particles are negligible 

and, therefore, the adsorption energy is considered constant [45]. With these assumptions, and 

for a given temperature, it can be drawn the curve C/θ as a function of the concentration C of 

the inhibitor (Fig. 4). 

 

Fig. 4.  Langmuir adsorption isotherm plots for copper in 2M HCl at different concentrations 

of inhibitor obtained by gravimetric analysis. 

 

This plot gives a line indicating that the adsorption of AEO to the surface of the metal 

follows the Langmuir isotherm. The regression coefficient (R2=0.995) is almost equal to unity 

and the slope is very close to unity. The values of the thermodynamic parameters were 

calculated from the modified Langmuir model (Equation 7) [46, 47]: 
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where Kads is the equilibrium constant of the adsorption process and Cinh is the inhibitor 

concentration. The value of the adsorption coefficient (Kads), determined by extrapolation of 

the straight line obtained previously to the axis Cinh/ θ (Fig. 4), then allowed us to access the 

values of the free standard adsorption energy (ΔGads) from the equation [47]: 








 
−=

RT

G

solC
K ads

ads exp
)(

1

                                                                                                                        (8)

 

where R is the constant of perfect gases in (J.mol-1.K-1), T is the temperature in K and C (sol) 

is the concentration of water (1000 g. L-1). The values of Kads and ΔGads were calculated and 

are listed in Table 5. 

 

Table 5. Thermodynamic parameters for copper in 2M HCl at optimum concentration of 

AEO 

 

Inhibitor 

 

                    Kads (L/g) 

 

∆𝐇𝐚
𝐨 (kJ.mol-1) 

 

AEO                     0.7081                   -16.26 

 

The negative value of the free energy of adsorption (ΔGads) confirms the spontaneity of 

the adsorption process, and the stability of the adsorbed layer on the metal surface. Generally, 

the ΔGads values, close to -20 kJ.mol-1or less negative, are related to electrostatic interactions 

between the charged molecules and the metal (physical adsorption), while those near -40 

kJ.mol-1 or more negative involve a charge transfer between the organic molecules and the 

metal surface (chemisorption) [48,49]. In our case and according to table 5, the value of ΔGads 

calculated for the studied inhibitor is negative and below the value -20 kJ.mol-1, which indicates 

that the tested molecules are adsorbed at the metal surface by spontaneous physical interactions 

(a physisorption mechanism). 

 

3.6. Temperature effect on the corrosion inhibition and thermodynamic parameters 

The temperature of the corrosive medium is one of the factors which influence the 

inhibitory efficiency of a compound, as well as the behavior of the substrates in a given 

aggressive medium. For this, the copper mass loss measurements in HCl without and with the 

addition of the inhibitor at a concentration of 3000 ppm were performed at a temperature range 

(298K-328K) for 6h of immersion. The thermodynamic parameters, such as the activation 

energy Ea and enthalpy ∆Ha of the copper corrosion in hydrochloric acid medium were also 

calculated.  
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                         Fig. 5. Variation of inhibition efficiency of AEO with temperature 

 

As shown in Fig. 5, the inhibition efficiency values decrease by increasing the temperature 

of the medium. This result may be assigned to the inhibitor molecules desorption of the metal 

surface at higher temperatures [48]. 

The variation of the logarithm of the corrosion rate as a function of 1/T for hydrochloric 

acid solution without and with addition of AEO is shown in Fig. 6. 

 

Fig. 6. Arrhenius plots for copper corrosion rates in HCl 2M in the absence and presence of 

optimum concentration of AEO 

 

The plot is linear, indicating that the Arrhenius law is respected [50, 46, 37]. The energy 

of activation (Ea) which represents the energy necessary for a molecule to possess in order to 

react [51], is calculated from the slope of this plot (equation 9): 

0

10

20

30

40

50

60

70

80

298 308 318 328

E
(%

)

T(K)

0,0030 0,0031 0,0032 0,0033 0,0034

-4,5

-4,0

-3,5

-3,0

-2,5

-2,0

L
n

 W
 /
 (

m
g

 /
c
m

2 .h
)

1/T (K
-1
)

 HCl 2M

 AEO



Anal. Bioanal. Electrochem., Vol. 13, No. 3, 2021, 340-357                                                 352 

 

W = K + exp (−Eact/RT)                                                                            (9) 

where W is the corrosion rate of copper, K is the Arrhenius pre-exponential factor, Ea (kJ mol-

1) is the activation energy, R is the gas constant (8.314 J mol-1 K-1) and T is the temperature 

(K). 

The values of activation energy, calculated show an energy value equal to 42.96 kJ mol-1, 

in the presence of the AEO essential oil, higher than that obtained in the case of the blank 

(Ea=30.2 kJ mol-1). According to Majidi et al. [52] Boumezzourh et al. [31] and Merah et al. 

[53], higher activation energy in inhibiting system compared to the blank is an indication of a 

physisorption mechanism. On the other hand Szauer and Brand explained that the increase in 

activation energy can be attributed to an appreciable decrease in inhibitor adsorption on the 

metallic surface as the temperature increases [54, 55]. On the other hand, Szauer and Brand 

clarified that the notable decrease in inhibitor adsorption on the metallic surface as the 

temperature rises can be due to the augmentation in activation energy. 

The ∆𝐻𝑎
𝑜 values were calculated from the slopes of the plot ln (w/T) = f (1/T) (Fig.7) 

determined from the following equation: 

 Ln (
W

T
) = −

∆Ha
o

RT
+ B                                                                                                                            (10) 

where W is the corrosion rate, R is the universal gas constant, T the absolute temperature, B is 

a constant. 

 

Fig. 7.  Ln (W/T) vs. 1/T for copper dissolution in 2 M HCl in the absence and presence of 

3000 ppm of AEO. 
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The values of the enthalpy of activation (∆𝐻𝑎
𝑜), calculated were positive whatever the 

medium (Table 6), which implies that the copper dissolution process is endothermic. 

 

Table 6. Activation Parameters Ea and ∆Ha
o for the copper dissolution in 2M HCl in the 

absence and presence of AEO at optimum concentration: 

 

Inhibitor 

 

Ea(kJ.mol-1) 

 

∆𝐇𝐚
𝐨(kJ.mol-1) 

 

Blank 30.2 28.09 

AEO 42.96 41.07 

 

It is evident from this table that the value of ∆Ha
o increases in the presence of AEO 

compared to the uninhibited solution indicating protective efficiency. This suggests a slow 

dissolution and therefore a lower corrosion rate of copper. 

3.7. Surface morphology   

The scanning electron microscopy (SEM) was carried out in order to investigate the impact 

of essential oil on the copper surface morphology. Fig. 8 shows the images taken on the samples 

after 24 h of immersion at 298 K in 2M HCl in the absence and in the presence of the inhibitor 

AEO at 3000 ppm. 

 

       

 

Fig. 8. SEM images of copper (a) 2M HCl solution and (b) 2M HCl solution with optimum 

concentration of AEO at 298K. 

 

Inspection of the figures indicates that there are significant damages, clear cavities on the 

surface of copper in the absence of AEO (Fig. 8(a)) than in its presence (Fig. 8(b)). There are 

less pits and rupture observed in the inhibited surface. These images clearly show that the 

inhibition is due to the formation, by adsorption of the organic molecules, of a stable protective 
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deposit on the copper surface which slows the copper corrosion process in the corrosive 

solution. 

4. CONCLUSION 

The present work was devoted to the study of the inhibiting action of the A. Leucotrichus 

essential oil (AEO) on the corrosion of copper in an aggressive medium hydrochloric acid 

2mol/l, by various methods: Gravimetric, curves of polarization, electrochemical impedance 

spectroscopy and surface treatment by scanning electron microscopy (SEM). This study was 

conducted at different concentrations of the inhibitor (500 to 3000 ppm) and at different 

temperatures (298, 308, 318 and 328 K) to examine the influence of these two parameters on 

the corrosion rate and the inhibitory efficiency. 

Following our investigation, we achieved the following results: 

▪ The addition of AEO has a beneficial effect on the inhibition of corrosion in a 2M hydrochloric 

acid medium onto copper surface. 

▪ The inhibitory efficacy of AEO rises with rising concentration of the inhibitor and decreases with 

increasing temperature. 

▪ The electrochemical results clearly indicate that the product AEO has a cathodic effect on copper 

surface in the hydrochloric acid medium. 

▪ The thermodynamic study showed that the adsorption of this inhibitor on the copper surface is 

spontaneous and follows the Langmuir adsorption isotherm model, the thermodynamic data of the 

adsorption process (ΔGads and ΔHads) have calculated from adsorption isotherms. 

▪ Negative values of ΔGads as well as the inhibiting potency which decreases with increasing 

temperature allow us to classify our inhibitor as physisorbed. 

▪ Observation of the copper surface by SEM showed that the inhibition is due to the formation of an 

adherent and stable deposit which limits the corrosion. 

▪ There is good accordance between the findings achieved by the three approaches. 
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