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The efficiency of plant extract as cor-
rosion extract for copper in 1M HNO3 
medium was carried out using weight 
loss, potentiodynamic polarization, 
electrochemical impedance spectros-
copy (EIS) and electrochemical fre-
quency modulation (EFM) techniques. 
The results showed variation in inhibi-
tion performance of the extract with 
varying concentration, immersion time and temperature. Langmuir isotherm was tested to describe 
the adsorption behavior of the extract on the copper surface. Potentiodynamic polarization study 
clearly revealed that this extract acts as a mixed type inhibitor i.e. the addition of the extract 
enhances both cathodic and anodic reactions. The results of the electrochemical impedance study 
showed a decrease in double layer capacitance and an increase in the charge transfer resistance. 
The results showed that rosmarinus extract could play significant role as corrosion inhibitor for 
copper in 1M HMO3.
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1. Introduction

 In industries, hydrochloric acid and nitric acid is 
widely used for acid pickling, acid cleaning and 
removing rust and decaling acids [1]. Therefore, 
the corrosion process controls under the influ-
ence of acidic conditions are important subjects 
worthy of intensive research. Most organic sub-
stance and plant extracts employed as corrosion 
inhibitors for copper protect the metal from cor-
rosion by forming a chelate on the metal surfaces 
[2]. The efficiency of the extract depends on the 

stability of the chelate formed [3]. The variation 
in inhibitive efficiency mainly depends on the 
type and the nature of the substituents present 
in the extract molecule [4]. Due to environmen-
tal requirements currently imposed environmen-
tal corrosion extracts, there is a growing interest 
in the use of natural products (green corrosion 
inhibitors) such as extracts of leaves, seeds or 
bark extracts. These green corrosion inhibitors 
are biodegradable and do not contain heavy 
metals or other toxic compounds. Some research 
groups have reported the successful use of nat-
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urally occurring substances to inhibit the corro-
sion of metals in acidic and alkaline environment. 
Delonix regia extracts inhibited the corrosion 
of Al in HCl solutions [5], rosemary leaves were 
studied as corrosion inhibitor for the Al + 2.5 Mg 
alloy in a 3% NaCl solution at 25°C [6], and El-Etre 
investigated natural honey as a corrosion inhibi-
tor for Cu [7] and investigated opuntia extract 
on Al [8]. The inhibitive effect of the extract of 
khillah  seeds on the corrosion of SX 316 steel in 
HCl solution was determined. The mechanism of 
action is attributed to the formation of insoluble 
complexes as a result of interaction between iron 
cations, and khillah [9]. Ebenso et al. showed the 
inhibition of corrosion with ethanolic extract of 
African bush pepper (Piper guinensis) on mild 
steel [10];Carica papaya leaves extract [11]; neem 
leaves extract (Azadirachta indica) on mild steel 
in H2SO4 [12]. Zucchi and Omar investigated plant 
extracts of Papaia, Poinciana pulcherrima, Cassia 
occidentalis, and Datura stramonium seeds and 
Papaya, Calotropis procera B, Azadirachta indica, 
and Auforpio turkiale sap for their corrosion inhi-
bition potential and found that all extracts except 
those of Auforpio turkiale and Azadirachta indica 
reduced the corrosion of steel with an efficiency 
of 88%–96% in 1 N HCl and with a slightly lower 
efficiency in 2 N HCl. They attributed the effect 
to the products of the hydrolysis of the protein 
content of these plants [13]; Umoren et al. [14] 
studied the corrosion inhibition of mild steel in 
H2SO4 in the presence of gum arabic (GA) (natu-
rally occurring polymer) and polyethylene glycol 
(PEG) (synthetic polymer). It was found that PEG 
was more effective than gum arabic. Fouda et 
al. investigated the effect of Melilotus officinalis 
Extract (MOE), as a green corrosion inhibitor 

for Al in 1 M HCl [15], Adhatoda aqueous plant 
extract as Corrosion inhibitor for carbon steel in 
sanitation water in polluted NaCl solutions [16], 
Roselle extract [17] and Thevetia peruviana as 
corrosion inhibitors for carbon steel in HCl solu-
tion [18]. Some other authors reported the use 
of natural products in the development of green 
corrosion extracts as effective for different metals 
in various environments [18- 24]. 

The aim of this work is to study the corrosion inhi-
bition of copper in 1 M HNO3 using rosmarinus 
extract as green corrosion inhibitor by chemical 
and electrochemical measurements.

2. Experimental Method

2.1 Materials and solutions

Table 1 shows the chemical composition of the 
tested copper in chemical and electrochemical 
methods

The experimental measurements were carried 
out in 1 M HNO3 solution in the absence and 
presence of various concentrations of rosmarinus 
extract

2.2 Methods used for corrosion 
measurements 

2.2.1 Weight loss measurements 

For weight loss measurements, square specimens 
of size 2 x 2 x 0.2 cm were used. The specimens 
were first abraded to a mirror finish using differ-
ent grades (320 –1200 grade) of emery papers, 

Element Sn Ag Fe Bi Pb As Cu

Weight % 0.001 0.001 0.01 0.0005 0.002 0.0002 The rest

Tab. 1: Chemical composition of used copper in weight %
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degreased with acetone, washed with bidistilled 
water and dried with soft paper before weighed. 
The weight loss measurements were carried out 
in a 100 ml capacity glass beaker placed in water 
thermostated bath. The specimens were then 
immediately immersed in the test solution with-
out or with desired concentration of the inves-
tigated plant extract. Triplicate specimens were 
exposed for each condition and the mean weight 
losses were reported in order to verify repro-
ducibility of the experiments. The inhibition effi-
ciency (IE) and the degree of surface coverage (θ) 
of the investigated extract on corrosion of copper 
were calculated using equation (1) [25]:

%IE = θ x 100 = [1-(W/Wo)] x100 (1)

Where W and W0 are the weight losses in the 
presence and absence of the extract, respectively.

2.2.2. Electrochemical Measurements

Polarization experiments were carried out in a 
conventional three-electrode cell with a plati-
num counter electrode (1 cm2) and a saturated 
calomel electrode (SCE) coupled to a fine Luggin 
capillary (to minimize the IR resistance) as the ref-
erence electrode. The working electrode was in 
the form of a square cut from copper embedded 
in epoxy resin of polytetrafluoroethylene (PTFE) 
so that the flat surface was the only surface in the 
electrode. The working electrode was immersed 
in the test solution before starting the mea-
surements, until a steady state was reached (30 
min). For potentiodynamic polarization measure-
ments, the potential was scanned at a scan rate 
of 1mVs−1. Potential changed automatically from 
-0.600 to 1 V vs SCE.  EIS measurements were per-
formed at open circuit potential over a frequency 
range of 0.1 Hz to 100 kHz. The sinusoidal poten-
tial perturbation was 5 mV in amplitude. EFM car-
ried out using two frequencies 2.0 and 5.0 Hz. The 

base frequency was 1.0 Hz. We use a perturbation 
signal with amplitude of 10 mV for both perturba-
tion frequencies of 2.0 and 5.0 Hz.

The electrochemical measurements were carried 
out using a Gamry instrument Potentiostat/Gal-
vanostat/ZRA (PCI300/4). This includes a Gamry 
Framework system based on the ESA400, Gamry 
applications that include DC105 for dc corrosion 
measurements, EIS300 software for electrochem-
ical impedance spectroscopy and EFM140 soft-
ware for electrochemical frequency modulation 
measurements along with a computer for collect-
ing data. Electrochemical data were analyzed by 
Echem Analyst 5.5 software.

2.2.3 Scanning electron microscopy 
measurements (SEM)

The electron surface of copper was examined by 
scanning electron microscope- type JOEL 840, 
Japan before and after immersion in 1 M HNO3 
test solution in the absence and presence of 
the optimum concentration of the investigated 
extract at 25oC, for 2 days immersion time. The 
specimens were washed gently with bidistilled 
water, then dried carefully and examined without 
any further treatments.

3. Results and Discussion 

3.1. Chemical method (Weight loss method)

Weight-loss of copper was determined, at vari-
ous time intervals, in the absence and presence 
of different concentrations of the extract. The 
obtained weight loss-time curves are represented 
in Figure 1 for rosmarinus extract. The inhibition 
efficiency of corrosion was found to be depen-
dent on the extract concentration (Table 2). The 
curves obtained in the presence of extract fall 
significantly below that of free acid. In all cases, 
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the increase in the extract concentration was 
accompanied by a decrease in weight-loss and 
an increase in the percentage inhibition. These 
results lead to the conclusion that rosmarinus 
extract under investigation is fairly efficient as 
extract for copper dissolution in nitric acid solu-
tion. Also, the degree of surface coverage (Ө) by 
the  extract was found to increase with increasing 
the extract concentration.

3.2. Effect of Temperature

The effect of temperature on the corrosion rate 
of copper in 1M HNO3 and in presence of dif-
ferent extract concentrations was studied in the 
temperature range of 298–313K using weight loss 
measurements. As the temperature increases, 
the rate of corrosion decreases and the inhibi-
tion efficiency of the extract increases as shown 
in Table 3 for rosmarinus extract. The adsorption 
behavior of extract on copper surface occurs 
through chemical adsorption.

3.3. Adsorption isotherms 

One of the most convenient ways of express-
ing adsorption quantitatively is by deriving the 
adsorption isotherm that characterizes the metal/
extract/ environment system. Various adsorption 

Fig. 1: Weight loss-time curves for the corrosion of copper in 1 
M HNO3 in the absence and presence of different concentra-
tions of rosmarinus extract at 25ᵒC

Conc. of 
inhibitor x106 M

% IE θ

1 27.1 0.271
3 44.8 0.448
5 62.6 0.626
7 67.2 0.672
9 72.0 0.720

11 77.0 0.770

Tab. 2: Values of inhibition efficiencies (% IE) and surface cov-
erage (θ) of extract for the corrosion of copper in 1 M HNO3 
from weight loss measurements at different concentrations 
and at 25oC

Conc. of 
inhibitor x106 M

298 303K 308K 313K 318K

C.R %IE C.R %IE C.R %IE C.R %IE C.R %IE
1 8.12 27.1 10.2 55.0 10.5 67.2 12.3 71.1 13.3 75.0
3 6.14 44.8 9.16 59.0 9.27 71.4 11.2 74.0 11.4 78.6
5 4.16 62.6 6.04 73.2 8.33 74.0 8.64 80.0 10.2 81.0
7 3.33 67.3 4.79 79.0 6.45 80.0 7.29 83.0 8.12 85.0
9 3.12 72.0 4.16 82.0 5.52 83.0 6.04 86.0 6.77 87.3

11 2.60 77.0 3.64 84.0 5.00 84.4 5.62 87.0 5.41 90.0

Table 3: Values of inhibition efficiencies %IE and corrosion rate (C.R) of rosmarinus extract for the corrosion of copper in 1 M 
HNO3 from weight-loss measurements at different concentrations at temperature range of 298-313 K.
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isotherms were applied to fit θ values, but the 
best fit was found to obey Langmuir adsorption 
isotherm which are represented in Figure 2 for 
Rosmarinus extract, Langmuir adsorption iso-
therm may be expressed by Equation (2): 

C/ ϴ=1/Kads + C (2)

Where C is the concentration (ml\L) of the extract 
in the bulk electrolyte, Kads is the adsorption equi-
librium constant. A plot of ϴ versus C/θ should 
give straight lines. In order to get a comparative 
view, the variation of the adsorption equilibrium 
constant (Kads) of the extract with its molar con-
centration was calculated. The experimental data 
give good curve fitting for the applied adsorption 
isotherm as the correlation coefficients (R2) were 

close to unity. The extent of inhibition is directly 
related to the performance of adsorption layer 
which is sensitive function of a molecular struc-
ture. The equilibrium constant of adsorption 
Kads obtained from the intercepts of Langmuir 
adsorption isotherm is related to the free energy 
of adsorption ΔG°ads as follows:

Kads =1/ 55.5 exp (-ΔGo
ads/ RT) (3)

where, the value 55.5 is the concentration of 
water on the metal surface in mol/L. Plot of 
(ΔG0

ads) versus T (Fig. 3) gave the heat of adsorp-
tion (ΔHᵒads) and the entropy (ΔSᵒads) according to 
the thermodynamic basic Equation (4):

ΔGºads=ΔHᵒads-TΔSᵒads (4)

Fig. 2: Langmuir adsorption isotherm plotted as C/θ vs C of 
Rosmarinus extract for corrosion of copper in 1M HNO3 solu-
tion from weight loss method at 250C

Temp.,
oC

Kads x 10-3

M-1
Slope

-ΔGᵒads

kJ mol-1
ΔHᵒads

kJ mol-1
ΔSᵒads

J mol-1 K-1

25 8.868 0.9181 25.4

77.6

278.4
30 20.533 1.0437 27.7 281.6
35 37.152 1.107 29.5 282.9
40 45.599 1.0833 30.4 281.1
45 51.177 1.0648 31.0 278.7

Tab. 4: Adsorption parameters for Rosmarinus extract in 1 M HNO3 obtained from Langmuir adsorption isotherm at different 
temperatures

Fig. 3: Variation of ΔGo
ads versus T for the adsorption of 

extract on copper surface in 1 M HNO3 at different temper-
atures
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Table 4 clearly shows a good dependence of 
ΔGºads on T, indicating the good correlation 
among thermodynamic parameters. The negative 
value of of ΔG0

ads reflects that the adsorption of 
studied extract on copper surface from 1 M HNO3 
solution is spontaneous process and stability of 
the adsorbed layer on copper surface. Gener-
ally, values of ΔG0

ads around -20 kJ mol-1 or lower 
are consistent with the electrostatic interaction 
between the charged molecules and the charged 
metal (physical adsorption); those around 
-40 kJ mol-1 or higher involves formation of coor-
dinate bond (chemisorption) [26]. The calculated 
ΔGo

ads values are in between -20 and -40 kJ mol-1 
indicating that the adsorption mechanism of the 
extract on copper in 1 M HNO3 solutions was 
typical comprehensive of physical and chemical 
adsorption.

Plot of (ΔGo
ads) versus T Figure 3 gave the heat 

of adsorption (ΔHo
ads) and the standard entropy 

(ΔSo
ads) according to the thermodynamic basic 

Equation (5): 

ΔGo
ads = ΔHo

ads- T ΔSo
ads (5)

The values of thermodynamic parameter for the 
adsorption of extract Table 4 can provide valuable 
information about the mechanism of corrosion 
inhibition. While an endothermic adsorption pro-
cess (ΔHo

ads > 0) is attributed unequivocally to an 
exothermic adsorption process (ΔHo

ads < 0) may 
involve either exothermic adsorption or endo-
thermic adsorption or mixture of both processes. 
In the presented case, the calculated positive 
values of ΔHo

ads for the adsorption of extract in 
1 M HNO3 indicating that Rosmarinus extract may 
be chemically adsorbed. The ΔSo

ads values in the 
presence of extract in 1 M HNO3 are positive. This 
indicates that an increase in disorder takes places 
on going from reactants to the metal-adsorbed 
reaction complex [27].

3.4. Kinetic –thermodynamic corrosion 
parameters

The activation parameters for the corrosion pro-
cess were calculated from Arrhenius-type plot 
according to Equation (6): 

kcorr = A exp (E*
a/RT) (6)

Where E*
a is the apparent activation corrosion 

energy, R is the universal gas constant, T is the 
absolute temperature and A is the Arrhenius pre-
exponential constant. Values of apparent activa-
tion energy of corrosion for copper in 1 M HNO3 
shown in Table 5, without and with various con-
centrations of Rosmarinus extract determined 
from the slope of log (kcorr) versus 1/T plots are 
shown in Figure 4. Inspection of the data shows 
that the activation energy is lower in the presence 
of extract than in its absence. This was attributed 
to slow rate of extract adsorption with a resul-
tant closer approach to equilibrium during the 
experiments at higher temperatures according 
to Hoar and Holliday [28]. But, Riggs and Hurd 
[29] explained that the decrease in the activation 
energy of corrosion at higher levels of inhibition 
arises from a shift of the net corrosion reaction 
from the uncovered part of the metal surface to 

Conc. of 
inhibitor x106 M

Ea*

kJ mol-1
ΔH*

kJ mol-1
-ΔS*

J mol-1K-1

0 55.5 56.6 90.9
1 24.7 34.5 170.9
3 23.6 33.5 176.2
5 23.2 33.1 179.4
7 21.7 31.3 186.6
9 21.1 30.9 190.0

11 19.1 30.5 192.8

Tab. 5: Activation parameters for copper corrosion in the 
absence and presence of various concentrations of Rosmari-
nus extract in 1 M HNO3
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the covered one. Schmid and Huang [30] found 
that organic molecules inhibit both the anodic 
and cathodic partial reactions on the electrode 
surface and a parallel reaction takes place on the 
covered area, but the reaction rate on the cov-
ered area is substantially less than on the uncov-
ered area similar to the present study. The alter-
native formulation of transition state equation is 
shown in Equation (7): 

kcorr = (RT/Nh) exp (ΔS*/R)exp (-ΔH*/RT) (7)

Where kcorr is the rate of metal dissolution, h is 
Planck’s constant, N is Avogadro’s number, ΔS* is 
the entropy of activation and ΔH* is the enthalpy 
of activation. Figure 5 shows a plot of log k/T 
against (1/T) in 1 M HNO3. Straight lines are 
obtained with slopes equal to (ΔH* /2.303R) and 
intercepts are [log (R/Nh + ΔS*/2.303R)] are calcu-
lated and their values are listed in Table 5.

The increase in Ea
* with increase extract concen-

tration Table 5 is typical of physical adsorption. 
The positive signs of the enthalpies (ΔH*) reflect 
the endothermic nature of the copper dissolution 
process. Value of entropies (ΔS*) imply that the 

activated complex at the rate determining step 
represents an association rather than a dissocia-
tion step, meaning that a decrease in disordering 
takes place on going from reactants to the acti-
vated complex [31,32].

3.5. Potentiodynamic polarization 
measurements 

Figures 6 shows typical polarization curves for 
copper in 1 M HNO3 solution. The two distinct 
regions that appeared were the active dissolu-
tion region (apparent Tafel region), and the lim-
iting current region. In the extract-free solution, 
the anodic polarization curve of copper showed 
a monotonic increase of current with potential 
until the current reached the maximum value. 
After this maximum current density value, the 
current density declined rapidly with potential 
increase, forming an anodic current peak that 
was related to Cu (NO3)2 film formation. In the 
presence of extract, both the cathodic and anodic 
current densities were greatly decreased over a 
wide potential range. Various corrosion parame-
ters such as corrosion potential (Ecorr), anodic and 
cathodic Tafel slopes (βa, βc), the corrosion cur-

Fig. 4: Arrhenius plots for copper corrosion rates (kcorr) after 
120 minute of immersion in 1 M HNO3 in the absence and 
presence of various concentrations of rosmarinus extract

Fig. (5): Transition-state for copper corrosion rates (kcorr/T) in 
1 M HNO3 in the absence and presence of various concentra-
tions of Rosmarinus extract



Journal for Electrochemistry and Plating Technology 9

November 2016  Eugen G. Leuze Verlag  |  www.jept.de

rent density (icorr), the degree of surface coverage 
(θ) and the inhibition efficiency (%IE) are given in 
Table 6. It can see from the experimental results 
that in all cases, addition of extract induced a sig-
nificant decrease in cathode and anodic currents. 
The values of Ecorr were affected and slightly 
changed by the addition of extract. This indicates 
that chenopodium extract acts as mixed-type 
extract. The slopes of anodic and cathodic Tafel 
lines (βa and βc), were slightly changed (Tafel lines 
are parallel), on increasing the concentration of 
chenopodium extract which indicates that there 
is no change of the mechanism of inhibition in 

Conc. of 
extract 
x106 M

-Ecorr 

mV vs SCE

icorrx10-4

 μA cm-2

βa,

mV dec-1

βc,

mV dec-1
C.R. mpy % IE ϴ

Blank 0 16 512.0 218 222 252.6 ---- ----

rosmarinus 
extract

1 45 66.40 72 207 32.75 86.7 0.867
3 39 65.80 71 189 32.47 87.1 0.871
5 43 64.70 75 198 31.92 87.4 0.874
7 49 37.60 59 203 18.56 92.6 0.926
9 89 33.50 100 228 16.53 93.5 0.935

11 83 28.00 71 217 13.83 94.5 0.945

Tab. 6: Corrosion potential (Ecorr), corrosion current density (icorr), Tafel slopes (βa , βc) ,degree of surface coverage(θ) and inhibi-
tion efficiency (% IE) of copper in 1M HNO3 at 25oC for Rosmarinus extract

Fig. 6: Potentiodynamic polarization curves for the dissolution 
of copper in 1M HNO3 in absence and presence of different 
concentrations of Rosmarinus extract at 25oC

the presence and absence of extract. The orders 
of inhibition efficiency of extract at different con-
centrations as given by polarization measure-
ments are listed in Table 6. The results are in good 
agreement with those obtained from weight-loss 
measurements. The inhibition efficiencies %IEEFM 
increase by increasing the inhibitor concentra-
tions and was calculated as from Equation (8): 

%IEEFM = [1-(icorr/iocorr)] ×100 (8)

Where iocorr and icorr are corrosion current densi-
ties in the absence and presence of Rosmarinus 
extract.

3.6. Electrochemical impedance spectroscopy 
(EIS) measurements

EIS is well-established and it is powerful tech-
nique for studying the corrosion. Surface proper-
ties, electrode kinetics and mechanistic informa-
tion can be obtained from impedance diagrams 
[33-37]. Figure 7 shows the Nyquist (a) and Bode 
(b) plots obtained at open-circuit potential both 
in the absence and presence of increasing con-
centration of Rosmarinus extract at 25°C. The 
increase in the size of the capacitive loop with 
the addition of extract shows that a barrier grad-
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ually forms on the copper surface. The increase 
in the capacitive loop size (Figure 7a) enhances, 
at a fixed extract concentration, following the 
order. Bode plots (Figure 7b), shows that the 
total impedance increases with increasing 
extract concentration (log Z vs. log f). But (log f 
vs. phase), also Bode plot shows the continuous 
increase in the phase angle shift, obviously cor-
relating with the increase of extract adsorbed on 
copper surface. The Nyquist plots do not yield 
perfect semicircles as expected from the theory 
of EIS. The deviation from ideal semicircle was 
generally attributed to the frequency dispersion 

[38] as well as to the inhomogenities of the sur-
face. EIS spectra of the investigated extract were 
analyzed using the equivalent circuit, Figure 8, 
which represents a single charge transfer reac-
tion and fits well with our experimental results. 

Fig. 7a: The Nyquist plots for corrosion of copper in 1M HNO3 
in the absence and presence of different concentrations of 
Rosmarinus extract at 25OC

Fig. 7b: The Bode plots for the corrosion of copper in 1M HNO3 
in the absence and presence of different concentrations of 
Rosmarinus extract at 25OC

Fig. 8: Equivalent circuit model used to fit experimental EIS

Extract
Conc. of 
inhibitor 
x106 M

Rct,

Ω cm2

Rs x10-3

Ω cm2

Cdlx10-4,

µF cm-2
% IE ϴ

Blank 0 28.60 968.1 6.045 ------- ------

Rosmarinus 
extract

1 39.35 982.6 2.800 27.3 0.273
3 63.98 910.5 5.830 55.3 0.553
5 84.22 1778 4.45 66.0 0.660
7 112.5 1463 3.83 74.6 0.746
9 134.2 844.1 9.72 78.7 0.787

11 231.3 827.4 2.41 87.6 0.876

Tab. 7: Electrochemical kinetic parameters obtained by EIS technique for in 1 M HNO3 without and with various concentrations 
of Rosmarinus extract at 25oC
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The constant phase element, CPE, is introduced 
in the circuit instead of a pure double layer 
capacitor to give a more accurate fit [39]. The 
double layer capacitance, Cdl, for a circuit includ-
ing a CPE parameter (Y0 and n) was calculated 
from Equation 9 [40]: 

Cdl = Y0 (ωmax) n-1 (9)

where Y0 is the magnitude of the CPE, 
ωmax = 2πfmax, fmax is the frequency at which the 
imaginary component of the impedance is max-
imal and the factor n is an adjustable parame-
ter that usually lies between 0.50 and 1.0. After 
analyzing the shape of the Nyquist plots, it is 
concluded that the curves approximated by a 
single capacitive semicircles, showing that the 
corrosion process was mainly charged-transfer 
controlled [41, 42] .The general shape of the 
curves is very similar for all samples (in presence 
or absence of extract at different immersion 
times) indicating that no change in the corrosion 
mechanism [43]. From the impedance data Table 
7, we concluded that the value of Rct increases 
with increasing the concentration of the extract 
and this indicates an increase thickness of the 
barrier layer formed on copper surface. In fact 
the presence of extracts enhances the value 
of Rct in acidic solution. Values of double layer 
capacitance are also brought down to the max-
imum extent in the presence of extract and the 
decrease in the values of CPE follows the order 
similar to that obtained for icorr in this study. The 
decrease in CPE/Cdl results from a decrease in 
local dielectric constant and/or an increase in 
the thickness of the double layer, suggesting that 
organic derivatives inhibit the copper corrosion 
by adsorption at metal/acid [44, 45] .The inhibi-
tion efficiency was calculated from the charge 
transfer resistance data from Equation 10 [46]: 

% IEEIS = [1 –(R°ct/ Rct)] ×100 (10)

where Ro
ct and Rct are the charge-transfer resis-

tance values without and with extract, respec-
tively.

3.7. Electrochemical frequency modulation 
(EFM) measurements 

EFM is a nondestructive corrosion measurement 
technique that can directly and quickly determine 
the corrosion current values without prior knowl-
edge of Tafel slopes, and with only a small polar-
izing signal. These advantages of EFM technique 
make it an ideal candidate for online corrosion 
monitoring [45]. The great strength of the EFM 
is the causality factors which serve as an internal 
check on the validity of EFM measurement. The 
causality factors CF-2 and CF-3 are calculated from 
the frequency spectrum of the current responses. 
The experimental EFM data were treated using 
two different models: complete diffusion con-
trol of the cathodic reaction and the “activation” 
model. For the latter, a set of three non-linear 
equations had been solved, assuming that the 
corrosion potential does not change due to the 
polarization of the working electrode [46]. The 
larger peaks were used to calculate the corrosion 
current density (icorr), the Tafel slopes (βc and βa) 
and the causality factors (CF-2 and CF-3).These 
electrochemical parameters were listed in Table 
8. The data presented in Table 8 obviously show 
that, the addition of Rosmarinus extract at a given 
concentration to the acidic solution decreases 
the corrosion current density, indicating that this 
compound inhibits the corrosion of copper in 1 
M HNO3 through adsorption. The causality factors 
obtained under different experimental condi-
tions are approximately equal to the theoretical 
values (2 and 3) indicating that the measured 
data are verified and of good quality. The inhibi-
tion efficiencies %IEEFM increase by increasing 
the extract concentrations and was calculated as 
from Equation (8).
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3.8. Surface examination

In order to verify if the Rosmarinus extract mol-
ecules are in fact adsorbed on copper surface, 
SEM experiments were carried out. The SEM 
micrographs for copper surface alone and after 
48 h immersion in 1 M HNO3 without and with 
the addition of 11x10-6 M of Rosmarinus extract 
are shown in Figures (9a-c). As expected, Fig-
ure9a shows metallic surface is clear, while in 
the absence of extract, the copper surface is 
damaged by HNO3 corrosion (Figure 9b). In con-
trast, in presence of the investigated extract 
(Figure 9c); the metallic surface seems to be 
almost no affected by corrosion. The formation 

Conc. of 
inhibitor x106 M

icorr

µA cm-2

βa

mVdec−1

βc 

mVdec−1
CF-2 CF-3

C.R

mpy
ϴ % IE

0 523.7 64 193 2.325 3.700 258.5 ---- ----
1 360.8 60 277 1.968 4.007 178.1 0.485 48.5
3 215.7 60 110 2.009 4.019 106.4 0.706 70.6
5 208.4 58 295 1.999 3.990 102.8 0.711 71.1
7 107.7 40 164 2.036 4.614 53.15 0.794 79.4
9 89.95 64 169 1.823 3.780 44.39 0.828 82.8

11 63.02 46 197 1.927 2.741 28.80 0.788 78.8

Tab. 8: Electrochemical kinetic parameters obtained by EFM technique for copper in the absence and presence of various con-
centrations of chenopodium extract in 1M HNO3 at 25oC

of a thin film of chenopodium extract observed 
in SEM micrograph, thus protecting the surface 
against corrosion.

3.9. Mechanism of corrosion inhibition 

Results of the present study have shown that 
Rosmarinus extract inhibits the acid induced 
corrosion of copper by virtue of adsorption of 
its components (major components [47] were 
α-pinene (40.55 to 45.10%), 1,8-cineole (17.40 
to 19.35%), camphene (4.73 to 6.06%) and ver-
benone (2.32 to 3.86%) onto the metal surface. 
The inhibition process is a function of the metal, 
extract concentration, and temperature as well 

Fig. 9(a-c): SEM micrographs of copper surface (a) before of immersion in 1 M HNO3, (b) after 48 h of immersion in 1 M HNO3, 
(c) after 48 h of immersion in 1 M HNO3+ 11x10-6 M of Rosmarinus extract at 25°C.



Journal for Electrochemistry and Plating Technology 13

November 2016  Eugen G. Leuze Verlag  |  www.jept.de

as inhibitor adsorption abilities which is so 
much dependent on the number of adsorption 
sites. The mode of adsorption (physisorption 
and chemisorption) observed could be attrib-
uted to the fact that Rosmarinus contains many 
different chemical compounds which some can 
adsorbed chemically and others adsorbed phys-
ically. This observation may be attributed to the 
fact that adsorbed organic molecules can influ-
ence the behavior of electrochemical reactions 
involved in corrosion processes in several ways. 
The action of organic inhibitors depends on the 
type of interactions between the substance and 
the metallic surface. The interactions can bring 
about a change either in electrochemical mech-
anism or in the surface available for the pro-
cesses [48].

4. Conclusions

From the results of the study the following may 
be concluded: 

1. Rosmarinus extract is good corrosion extract 
for copper in 1 M HNO3 solution.

2. Reasonably good agreement was observed 
between the values obtained from the weight 
loss and electrochemical measurements.

3. Results obtained from potentiodynamic 
polarization indicated that Rosmarinus 
extract is mixed-type inhibitor

4. Percentage inhibition efficiency of Rosmari-
nus extract was temperature dependent and 
its addition led to a decrease of the activation 
corrosion energy.

5. The thermodynamic parameters revealed 
that the inhibition of corrosion by Rosmari-
nus extract is due to the formation of a chem-
ical adsorbed film on the metal surface.

6. The adsorption of Rosmarinus extract onto 
copper surface follows the Langmuir adsorp-
tion isotherm model.
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