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Corrosion inhibition and adsorption studies of methanol extract of Nerium oleander for Cu in 0.5 M 

HNO3 have been studied by weight loss and electrochemical techniques. Effect of temperature from 30 

to 50oC on inhibition action of Nerium oleander extract (NOE) was studied. The inhibition efficiency 

(IE) of NOE increases with increasing its concentration. The adsorption process and IE were preferred 

at lower temperatures. Larger negative value of standard free energy was obtained at lower temperature. 

The polarization data indicated that NOE acts as a mixed type inhibitor. Adsorption isotherm obeyed 

Frumkin isotherm and NOE was adsorbed physically on the Cu surface. The surface morphology was 

investigated by scanning electron microscopy (SEM).  
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1. INTRODUCTION 

The study of Cu corrosion inhibition is of high importance due to it used widely in various 

industrial operations. Cu and its alloys used in production of integrated circuits as they have premium 

thermal and electrical conductivity [1,2]. Cu is considered a noble metal and its corrosion needs strong 

oxidants. The most effective medium is nitric acid solution, so the use of this medium on copper was 

included in a great deal of research [3-8]. The development and investigation of organic compounds as 

corrosion inhibitors is of great importance, as these compounds have heteroatoms (N, O, S,), also contain 

multiple bonds through which the adsorption on the metal surface takes place. The molecular structure 

of organic compounds is high which leads to a great influence on the extent of corrosion inhibition [9-

12]. Recently, green substances are greatly used as corrosion inhibitors for some metals because they 

are nontoxic, biodegradable, renewable, cheap, and easy handling. Numerous authors were interested in 

the usage of the plant extracts for corrosion inhibition of metals and alloys, especially for Cu corrosion 

http://www.electrochemsci.org/
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in various acidic solutions [13-21]. Nerium oleander (NOE) is a plant extract applied in the current study 

as an inhibitor for Cu corrosion in 0.5 M HNO3 solution.    

 

 

 

2. EXPERIMENTAL TECHNIQUES 

2.1 Preparation of the extract 

A mixture of 500 g of NOE powder with 900 ml methanol was kept for two weeks at room 

temperature, then allowed to dry in shade through air-tight glass container. After filtration, the filterate 

was put in front of a fan at room temperature to complete dryness, then kept in an air-tight container for 

using. Gas chromatography and mass spectroscopy analysis of methanolic extract of NOE indicate the 

main chemical constituents that characterized in Table 1. 

 

Table 1. Some of the main photo components identified in the methanol extract of NOE  

 

Name Structural formula IUPAC Name 
Molecular 

formula 

Molar 

Mass, 

g/mol 

Perillene 

 

3-(4-Methyl-3-

pentenyl)furan 
C10H14O 150.22 

Octyl acetate 

 

Octyl acetate C10H20O2 172.26 

2-Nonanol 

 

nonan-2-ol C9H20O 
144.25  

 

Endosulfan II 

 

6,7,8,9,10,10-

Hexachloro-

1,5,5a,6,9,9a-

hexahydro- 6,9-

methano-2,4,3-

benzodioxathiepine-

3-oxide 

C9H6Cl6O3S 
406.93 

 

Tetratetracontane CH3(CH2)42CH3 Tetratetracontane C44H90 619.19 

Italicene 

 

Italicene C15H24 204.35 

Diosgenin 

 

(3β,25R)-spirost-5-

en-3-ol 
C27H42O3 414.62 

http://en.wikipedia.org/wiki/International_Union_of_Pure_and_Applied_Chemistry_nomenclature
http://en.wikipedia.org/wiki/Molecular_formula
http://en.wikipedia.org/wiki/Molecular_formula
http://en.wikipedia.org/wiki/Molar_mass
http://fr.wikipedia.org/wiki/Gramme
http://fr.wikipedia.org/wiki/Mole_%28unit%C3%A9%29
http://fr.wikipedia.org/wiki/Fichier:Heneicosane.png
http://en.wikipedia.org/wiki/File:Perillene.svg
http://en.wikipedia.org/wiki/File:Octyl_acetate.svg
http://en.wikipedia.org/wiki/File:2-Nonanol.png
http://en.wikipedia.org/wiki/File:Endosulfan_Formula_V.3a.svg
http://en.wikipedia.org/wiki/File:Diosgenin.png
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2.2 Cu specimens and solutions 

Cu specimens (whose composition as weight percentage is given as: 0.0005% Bi, 0.001% Sn, 

0.002% Pb, 0.001% Ag, 0.01% Fe, 0.0002% other elements and Cu is the rest) of dimensions 3×1×2 

cm2 were abraded using different grades of emery papers then degreased using methanol [22]. The 

concentration of the applied corrosive solutions, that prepared from AR grade HNO3 (7 M), was checked 

using standardized NaOH. In order to obtain 0.5 M HNO3, bidistilled water was used for dilution. 1000 

ppm stock solution of NOE was obtained by dissolving 1 gm of NOE in 1000 ml of absolute methanol. 

The wanted concentrations (5–25 ppm) were then attained using bidistilled water for dilution. 

 

2.3 Weight loss (WL) method 

The Cu metal coupons were weighed then immersing in 100 test solutions without and with NOE 

for 3 hrs. The weight of the specimens was taken again after immersion. The %IE of Nerium oleander 

extract and the copper surface coverage (θ) were calculated as follows: 

 x100]
W

W
[1100 x θ%IE

free

inh−==                                                         (1) 

where Wfree and Winh are the WL's of Cu without and with NOE, respectively. 

 

2.4 Electrochemical techniques 

A cell of three electrodes was employed in electrochemical measurements. Pt foil was used as 

the auxiliary electrode and a saturated calomel electrode (SCE) was used as the reference electrode. The 

Cu working electrode cutting from Cu sheet was prepared to have a surface area equals 1 cm2. The Cu 

electrode surface was abraded and cleaned as explained in the WL method. The electrochemical 

techniques have been performed using PCI4-G750 Potentiostat/Galvanostat with a personal computer 

has Gamry PCI4-G750 software for calculations. All electrochemical studies were performed at 30oC 

±1 and the results were always repeated minimum three times for precision. Before tests, a time period 

of about 30 minutes was given at first until a steady state was reached. 

 

2.4.1 Potentiodynamic polarization (PP) tests 

Potentiodynamic measurements were performed at a scan rate of 1 mVs–1 from a more negative 

potential to more positive potential than open circuit potential (Eocp). Corrosion potential (Ecorr) and 

corrosion current densities (icorr) were determined at Tafel regions. Values of icorr were used for 

calculating values of %IE and θ as below: 

 x100]
i

i
[1100 x θ%IE

free)(corr

inh)(corr

−==                         (2) 

Where icorr(free) and icorr(inh) are corrosion current densities without and with NOE, respectively. 
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2.4.2 Electrochemical impedance spectroscopy (EIS) tests 

EIS tests were performed in the range between 105 and 10–1 Hz at Eocp through AC signal of 

small amplitude 10 mV peak to peak. The charge transfer resistance (Rct) and the double layer 

capacitance (Cdl) were obtained from the EIS plots. Rct was employed in calculating %IE and θ as 

follows: 

 x100]
R

R
[1100 x θ%IE

ct(inh)

ct(free)
−==                        (3) 

where Rct(free) and Rct(inh) are charge transfer resistance without and with NOE, respectively. 

 

2.4.3 Electrochemical frequency modulation (EFM) tests 

EFM tests took place by applying 10 mV perturbation signal with two sine waves of 2 and 5 Hz. 

Values of icorr, Tafel slopes (βc and βa) and the causality factors (CF-2 and CF-3) were determined from 

the bigger peaks. Values of θ and %IE were calculated by applying equation (2). 

 

2.5 Surface Morphology Studies 

The surface morphology studies were performed using JEOL JSM-5500 scanning electron 

microscope. The Cu specimens were treated as described in WL method, then exposed to 0.5 M HNO3 

test solutions without and with NOE for 24 hours. Energy dispersive X-ray (EDX) was used to indicate 

the elements present on the Cu surface after 24 hours of exposure to the uninhibited and inhibited 0.5 

HNO3 solutions. 

 

 

 

3. RESULT AND DISCUSSION 

3.1 Weight loss (WL) method 

Fig. 1 displays the change of WL of the Cu with time in 0.5 HNO3 without and with different 

concentrations of NOE at 30oC. It is clear from the figure that the WL of the Cu decreases with increasing 

NOE concentration, this means that NOE is an effective inhibitor of Cu corrosion in HNO3.  
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Figure 1. Change of WL of the Cu with time in 0.5 HNO3 without and with different concentrations of 

NOE at 30oC 

 

3.2 Influence of Temperature  

WL method was used to check the influence of temperature on the corrosion rate (CR), metal 

WL, θ, and %IE for Cu in 0.5 M HNO3 without and with different concentrations of NOE at a 

temperature range (30-50oC) (Table 2). The increase in CR and WL with increasing temperature is 

indicating physical adsorption [23] of NOE on the Cu surface. Table 2 indicates that %IE increases with 

adding more NOE, while decreases with raising the temperature. This might because the increase in 

temperature may stimulate larger kinetic energy of metal surface, that reduce the adsorption process 

while support the desorption process, hence the equilibrium move towards desorption [24]. 

 

Table 2. Influence of temperature on CR, WL, θ, and %IE for Cu in 0.5 HNO3 without and with different 

concentrations of NOE  

 

Temp., 
oC 

Cinh,  

Ppm 

WL,  

mg cm-2 

CR, 
mg cm-2 min-1 

Θ %IE 

30 

Blank 1.417 0.012 ــــــ ــــــ 

5 0.707 0.006 0.501 50.1 

10 0.617 0.005 0.565 56.5 

15 0.450 0.004 0.682 68.2 

20 0.233 0.002 0.836 83.6 

25 0.183 0.002 0.871 87.1 

35 

Blank 2.086 0.017 ـــــــ ـــــــ 

5 1.050 0.009 0.497 49.7 

10 0.950 0.008 0.545 54.5 
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15 0.683 0.006 0.673 67.3 

20 0.380 0.003 0.818 81.8 

25 0.300 0.003 0.856 85.6 

40 

Blank 1.650 0.014 ـــــــ ـــــــ 

5 1.267 0.011 0.232 23.2 

10 0.967 0.008 0.414 41.4 

15 0.552 0.005 0.666 66.6 

20 0.433 0.004 0.738 73.8 

25 0.367 0.003 0.778 77.8 

45 

Blank 4.828 0.040 ــــــ ــــــ 

5 3.790 0.032 0.215 21.5 

10 2.950 0.025 0.389 38.9 

15 1.700 0.014 0.648 64.8 

20 1.700 0.014 0.648 64.8 

25 1.317 0.011 0.727 72.7 

50 

Blank 5.600 0.047 ــــــ ـــــــ 

5 4.983 0.042 0.110 11.0 

10 3.667 0.031 0.345 34.5 

15 2.267 0.019 0.595 59.5 

20 1.967 0.016 0.649 64.9 

25 1.847 0.015 0.670 67.0 

 

The thermodynamic activation parameters of the corrosion process of Cu in 0.5 M HNO3 were 

determined by plots of log CR against 1/T (Fig. 2) and log (CR /T) against 1/T (Fig. 3) according to 

Arrhenius-type equation (Eq.4) and transition-state equation (Eq.5) [25,26]: 

RT

E
*

a

AeCR

−

=                                                                                               (4) 

RT

ΔH

R

ΔS

ee
Nh

RT
CR

* −

=               (5) 

Where A is frequency factor, E*
a is activation energy, R is gas constant, T is absolute temperature, 

N is Avogadro’s number, h is Planck’s constant, ΔS* is entropy of activation and ΔH* is enthalpy of 

activation. The calculated values of thermodynamic activation parameters (E*
a, ΔS*, ΔH*) were listed in 

Table 3. The results indicate that Ea
* in inhibited solutions are higher than it in uninhibited one, that 

suggests physisorption of NOE on Cu surface [27]. Higher values of E*
a in inhibited solutions could also 

be associated with the increase in thickness of the double layer, that increases the E*
a of the corrosion 

process [28]. The positive sign of ΔH* indicates endothermic corrosion process. Negative ΔS* values 

indicate a decrease in disordering at moving from reactants to the activated complex [29]. Shifting of 

ΔS* to more positive values with increasing NOE concentration may referred to the driving force that 

can overcome the barriers for the adsorption of NOE on the Cu surface. 
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Figure 2. log CR against 1/T for Cu in 0.5 M HNO3 without and with different concentrations of NOE 
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Figure 3. Log (CR/T ) against 1/T for Cu in 0.5 M HNO3 without and with different concentrations of 

NOE 
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Table 3. Thermodynamic activation parameters as resulted from Arrhenius-type and transition-state 

equations 

 

, inhC 

ppm 

A,  

mg cm-2 min-1 
, 

*
aE 

1-kJ mol 
, 

*ΔH 
1-kJ mol 

ΔS*
,  

J mol-1 K-1 

Blank 8.061 58.2 26.6 -81.5 

5 12.235 84.2 35.5 -19.3 

10 10.810 76.3 32.0 -46.7 

15 9.097 67.2 28.0 -79.4 

20 13.382 93.7 39.5 +2.5 

25 14.202 99.1 41.9 +18.3 

 

3.3 Adsorption Isotherms 

Several adsorption isotherms were applied to fit the data obtained from WL method. Frumkin 

model was the best one. According to Frumkin isotherm, the relationship between θ and NOE 

concentration is as follows: 

2aθKln )
θ1

θC
(ln ads

inh +=
−

                            (6)                                             

where Kads is adsorption constant and a is the interaction parameter between adsorbed species on 

the surface. Straight lines, with slopes equal (2a) and intercepts equal (ln Kads), were obtained by plotting 

ln [Cinh θ / (1 – θ)] vs. θ as illustrated in Fig. 4. ln Kads is related to the standard free energy of adsorption 

(ΔG°ads) by the following equation: 

T

1

R

ΔG
0.018ln Kln 

ads
o

ads −=             (7)                 

where 0.018 is the molar concentration of water in solution. Standard enthalpy of adsorption 

(∆Ho
ads) was attained by applying the following relation [30]: 

constant
RT

ΔH
Kln 

ads
o

ads +−=                                                                    (8) 

Plotting ln Kads vs. 1/T result in a straight line with slope equals (-∆H°
ads / R) as illustrated in Fig. 

5. Standard entropy of adsorption (∆So
ads) can be determined as follows [31]: 

T

ΔGΔH
ΔS

ads
o

ads
o

ads
o −

=                                        (9) 

The adsorption results were given in Table 4. Values of (a) are positive, indicating attractive 

forces formed between the adsorbed NOE molecules on the Cu surface. Values of ΔG°
ads were low (less 

than 20 kJ mol–1) indicating physical adsorption of NOE on the Cu surface. Negative ∆Ho
ads values are 

indicating exothermic adsorption process [32]. The values of ∆So
ads are negative as accompanied with 

exothermic adsorption process. 
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Figure 4. Plots of Frumkin adsorption isotherm at different temperatures for Cu in 0.5 M HNO3 without 

and with different concentrations of NOE  
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Figure 5. ln Kads against 1000/T for Cu in 0.5 M HNO3  

 

Table 4. Results from Frumkin adsorption model at different temperatures for Cu in 0.5 M HNO3 

without and with different concentrations of NOE  

 

Temp.,oC A Kads, M
-1 -∆Go

ads, kJ mol-1 -∆Ho
ads, kJ mol-1 -∆So

ads, J mol-1K-1 

30 8.840 13.874 16.7 

72.9 

185.3 

35 8.716 9.564 16.1 184.5 

40 7.083 4.442 14.3 187.1 

45 7.246 3.155 13.7 186.3 

50 7.469 2.586 13.3 184.4 
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3.4 Potentiodynamic polarization (PP) measurements 

Anodic and cathodic PP curves for Cu corrosion in 0.5 M HNO3 without and with different 

concentrations of NOE at 30oC were shown in Fig. 6. Kinetic parameters derived from the polarization 

curves (such as Ecorr, icorr, βa and βc, CR, θ and % IE) were given in Table 5. It is concluded from the 

experimental potentiodynamic results that the presence of NOE affects both the anodic and the cathodic 

reactions, which means that NOE behaved as a mixed-type inhibitor. Unchanging of βa and βc upon 

addition of NOE indicates that this extract blocks the metal surface reaction sites without affecting the 

reactions mechanisms. The data in Table 5 indicated increasing of % IE and decreasing of CR with 

increasing of concentration of NOE.  
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Figure 6. Anodic and cathodic PP curves for Cu in 0.5 M HNO3 without and with different 

concentrations of NOE  

 

 

Table 5. Kinetic parameters derived from PP curves  

 

Cinh,  

ppm 

-Ecorr,  

mV vs SCE 

icorr,  

mA cm-2 

-βc,  

mV dec-1 

βa, 

 mV dec-1 

CR, 

mmy-1 
 % IE 

Blank 23 146.0 233 226 81.0 ـــــ ــــــ 

5 23 79.0 245 215 77.1 0.459 45.9 

10 51 40.0 196 215 22.1 0.726 72.6 

15 63 43.7 192 218 24.2 0.701 70.1 

20 55 35.0 194 215 19.3 0.760 76.0 

25 57 43.0 200 219 23.8 0.705 70.5 
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3.5 Electrochemical impedance (EIS) measurements  

EIS plots (Nyquist and Bode plots) for Cu in 0.5 M HNO3 without and with different 

concentrations of NOE at 30oC were presented in Figs. (7, 8). It is clear that the Nyquist plots (Fig. 7) 

did not display ideal semicircle, this may be because the frequency dispersion [33], which results from 

the surface roughness. From the plots, the diameter of the semicircle increases by addition of NOE 

indicating a barrier that formed on the Cu surface, which protects it from corrosion. The shape of the 

curves without and with NOE is very similar indicating that the presence of NOE does not change the 

corrosion mechanism [34]. The simple equivalent circuit model given in Fig. 9 was used to analyze the 

EIS spectra by fitting the experimental data. This circuit has the solution resistance (Rs), (Cdl) which is 

parallel (Rct) [35]. Bode plots (Fig. 8), the low-frequency limit represents (Rct + Rs), while the high-

frequency limit represents (Rs) Values of Cdl were calculated as follows: 

ctmax

dl
R f 2π

1
C =                        (10)                 

where fmax is is the frequency at which the imaginary component of the impedance is maximum. 

The impedance parameters were listed in Table 6. As shown from the table, the value of Rct increases 

with increasing NOE concentration, leading to an increase in %IE value. Decreasing value of Cdl in the 

presence of NOE may be because of the decrease in local dielectric constant and/or increasing the 

thickness of the double layer, which indicates that NOE inhibits the corrosion of Cu by adsorption at 

metal/acid [36,37]. 
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Figure 7. Nyquist plots for Cu in 0.5 M HNO3 without and with different concentrations of NOE  
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Figure 8. Bode plots for Cu in 0.5 M HNO3 without and with different concentrations of NOE  

 

 

 
 

Figure 9. Equivalent circuit used in analyzing impedance spectra 

 

Table 6. Corrosion parameters obtained from EIS measurements for Cu in 0.5 M HNO3 without and 

with different concentrations of NOE  

 

Cinh, ppm Cdl, μF cm-2 Rct, Ω  cm2 Θ % IE 

Blank 389 119.4 ــــــ ــــــ 

5 397 313 0.619 61.9 

10 438 345.5 0.654 65.4 

15 416 350.7 0.660 66.0 

20 409 352.7 0.661 66.1 

25 366 387.2 0.692 69.2 
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3.6 Electrochemical frequency modulation (EFM) measurements 

Fig. 10 shows the EFM spectra for Cu in 0.5 M HNO3 without and with different concentrations 

of NOE at 30oC. The parameters from EFM measurements (icorr, βa, βc, CF-2, CF-3, CR, θ and %IE) 

were listed in Table 7. It is observed from the data that, the value of icorr decreases by increasing NOE 

concentration and %IE increases. If the causality factors are approximately equal to 2.0 and 3.0 for CF-

2, CF-3, respectively, this indicates the presence of a causal relationship between the perturbation signal 

and the response signal, and the results are considered to be trusted [38]. Deviation of CF-2 and CF-3 

values from ideality may be because the perturbation amplitude was overly small, or the frequency 

spectrum resolution is not sufficiently high, or the inhibitor is not working very well [39]. 

          

 

 

 

Figure 10. EFM spectra for Cu in 0.5 M HNO3 without and with 25 ppm of NOE 

 

Table 7. The corrosion parameters obtained from EFM  

 

% IE θ 
CR , 

1-µmy 
CF-3 CF-2 

,aβ 
1-mVdec 

1-, mVdeccβ 2-, µAcmcorri , ppminhC 

 Blank 163.4 253 47 2.01 4.86 90.35 ــــــ ــــــ

60.2 0.602 35.99 2.84 1.90 50 150 65.09 5 

62.4 0.624 33.96 3.87 1.88 52 164 61.42 10 

64.5 0.645 32.11 2.92 1.86 53 159 58.08 15 

64.9 0.649 31.72 2.83 1.88 48 136 57.37 20 

66.3 0.663 30.49 3.80 1.89 49 139 55.14 25 
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3.7 Scanning Electron Microscopy (SEM) Analysis  

Scanning electron micrographs for corroded Cu surface without and with 25 ppm of NOE were 

illustrated in Fig. 11(a, b). The results appeared that the uninhibited Cu surface exhibits a very rough 

surface, this results from a corrosive attack by the nitric acid solution (Fig. 11(a)). The roughness of the 

inhibited Cu surface (Fig. 11(b)) decreases, this because a protective layer of NOE formed on the Cu 

surface. This layer decreases the surface roughness and protects the Cu from corrosion.  

 

 

  
(a) (b) 

 

Figure11. SEM (x500) for Cu exposed to 0.5M HNO3 solution (a) without NOE (b) with 25 ppm NOE 

 

3.8 Energy Dispersive X-ray (EDX) Analysis 

  
(a) (b) 

 

Figure 12. EDX analysis of Cu surface after exposure to 0.5 M HNO3 solution (a) without NOE (b) with 

25 ppm of NOE 

 



Int. J. Electrochem. Sci., Vol. 14, 2019 

  

6898 

Fig. 12(a) shows the EDX analysis for uninhibited Cu surface. The analysis indicates that only 

Cu was detected. The EDX analysis for Cu surface with 25 ppm of NOE is shown in Fig. 12(b). The 

figure illustrates the presence of peaks related to Cu and an additional line related to carbon. This 

indicated the presence of a protective film of NOE on the Cu surface. Table 8 represents the weight 

percentage (weight %) of Cu and carbon atoms in the protective films as obtained using EDX for Cu 

surface without and with the extract. It is clearly shown that Cu% on the surface decreases while carbon% 

increases with NOE. This indicates the replacement of the Cu atoms by NOE due to its adsorption on 

the Cu surface, which forms a protective film on it and hence reduces its corrosion. 

 

 

Table 8. Weight percentage (weight %) of Cu and carbon atoms in the protective film as obtained using 

(EDX) for Cu surface without and with 25 ppm of NOE  

 

Compound Cu % C % 

Blank 100 ـــــــــ 

Nerium oleander 21.01 78.99 

 

Fig. 13 represents a comparison of %IE of different concentrations of NOE as obtained from the 

studied techniques. It is clear that the recorded values of %IE were in good agreement, indicating the 

validity of the studied techniques in examination of NOE as Cu corrosion inhibitor in 0.5 M HNO3 
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Figure 13. Comparison of %IE of different concentrations of NOE for Cu in 0.5 M HNO3 as obtained 

from the studied techniques 
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3.9 Corrosion Inhibition Mechanism 

Photochemical analysis of NOE indicated that the constituents that identified in the methanol 

extract of NOE plant (Table 1), have a lot of heteroatoms (O atoms), and donating groups such as: OH 

group, Cl group, CH3 group, and π-electrons, that help in adsorption of NOE molecules on the Cu 

surface. The adsorption of extract molecules on Cu surface is physically due to ∆Go
ads is less than 20 kJ 

mol-1. So, the adsorption is due to the electrostatic attraction between the Cu surface and the extract 

molecules.  The extract molecules may be protonated in acid medium. The Cu surface is positively 

charged in acid medium [40].  So, it is difficult to the protonated extract molecules to adsorb on the 

positively Cu surface. First NO3
- anions get adsorbed on Cu surface, the Cu surface become negatively 

charged, then the protonated extract molecules get adsorbed on the Cu surface and cover large surface 

area.  Table 9 shows a comparison between values of %IE of some plant extracts for Cu corrosion in 

HNO3. As shown from the table, NOE is an effective inhibitor for Cu corrosion in HNO3. 

 

 

Table 9. Comparison between %IE of some plant extracts for Cu corrosion in HNO3  

 

Plant extract Cinh [HNO3] %IE Reference 

Hyoscyamus Muticus Extract (HME) 50 ppm 1 M 43.0 41 

Artemisia Essential Oil 50 ppm 2 M 48.2 42 

Carapichea Ipecacuanha Extract (CIE) 25 ppm 1 M 55.5 43 

Senesio Extract 11 x 10-6 M 1 M 77.5 44 

Nerium oleander extract 25 ppm 0.5 M 87.1 Our results 

 

 

 

4. CONCLUSIONS 

NOE was tested (using WL method, electrochemical techniques, and surface studies) as inhibitor 

for Cu corrosion in 0.5 M HNO3. Results showed that: 

NOE is an effective corrosion inhibitor for Cu in 0.5 M HNO3. Corrosion rate increases with 

temperature, and decreases with increasing NOE concentration and hence, %IE increases. Adsorption of 

NOE on Cu surface followed Frumkin adsorption isotherm and the apparent activation energy increases 

with increasing the extract concentration suggesting pysisorption. Anodic and cathodic curves with NOE 

were shifted toward both positive and negative potentials, indicating a mixed type inhibitor mechanism.  

Values of %IE from the studied techniques showed similar range, indicating the validity of the studied 

techniques in examining the inhibiting action of NOE towards the dissolution of Cu in 0.5 M HNO3. 
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