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comparison of the corrosive power of copper in 2M HNO;
environment, with the essential oil of Thymus satureoides and
secondly with its major componen, borneol. The inhibition
efficiency increases with the concentration to reach 89.04% at
1200 ppm in the presence of the essential oil and 69.72% at
1600 ppm in the presence of Borneol. The polarization curves
indicate that they act as a mixed type inhibitor with a
predominant cathodic character for the essential oil. The
results obtained from potentiodynamic polarization and
impedance measurements are in good agreement.
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1. INTRODUCTION

Copper is widely used in industry because of its outstanding
physical and mechanical properties. For example, it is often
used in heating and cooling thanks to its excellent
conductivity thermique [1].

It is known that the corrosion products cause a reduction in
the efficiency of heating equipment copper. Therefore, the
pickling operation is necessary. Why acidic solutions, which
unfortunately are often aggressive media for copper are
used. Thus, the use of organic inhibitors which play an
important role in controlling the corrosion of copper and the
kinetics of the hydrogen evolution reaction. It is established
that compounds containing nitrogen or oxygen or sulfur are
of interest individual [2]. In this context, the azoles are used
as corrosion inhibitors for copper and its alloys acide
medium [3-11]. Furthermore, Fouda et al. [12-14] examined
the inhibitory effect of the corrosion of copper by nitric acid
medium few nitrile compounds.

However, the most used against copper corrosion inhibitors
are benzotriazole, benzimidazole and tétrazole [15-20].
However, benzotriazole and its derivatives are highly
toxiques [21] compounds [22]. Thus, the restrictions due to
environmental protection require limiting their utilization
[22].

In this context, we are interested in the application of the
Moroccan essential oil of Thymus satureoides. Which
represents the advantage of being a non-toxic natural products
as corrosion inhibitors. These products are used as extracts or
as essential oils.
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inhibition of iron in HCI medium 1M [23, 24] results.

In this work, we are interested in studying the behavior of
copper in 2M HNO; and determine the inhibitory efficacy of
the Moroccan essential oil Thymus satureoides and to
compare its activity with respect to its major product the
Borneol. Electrochemical polarization measurements and
impedance were carried out for this study.

2. EXPERIMENTAL CONDITIONS

2.1 Inhibitor

2.1.1 Extraction of essential oil

The essential oil was obtained from thyme belonging to the
botanical family lipped, by steam distillation of water using
a Clevenger-type distiller for 2h30. The yield of essential oil
of Thymus satureoides is 1.1%. This means essential oil
yield was calculated based on the dry matter.

After extraction, a portion of the oil was used for the
analysis of the chemical composition, the other part was
used for the tests of the anti-corrosion activity. The oil, after
extraction, was recovered and stored in a dark bottle and
stored at 4 ° C before use.

The Borneol was provided to us by the company
SOMAPROL.

2.1.2 Study of the chemical composition of the oil
The thyme essential oil was analyzed by chromatography
Gas chromatography coupled to mass spectrometry.

2.2 Corrosive solution

This is a solution of acid 2M HNO; nitric obtained by
diluting concentrated acid 67% Sigma-Aldrich brand with
distilled water. The medium is not deaerated.

2.3 Electrochemical measurements

The electrochemical experiments were performed in a pyrex
cell, equipped with a conventional three-electrode: copper as
the working electrode in the form of discs cut with a
geometric area of 1 cm?, platinum as a counter electrode and
the electrode ECS as saturated calomel reference electrode.
The copper 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
performed with an assembly comprising a potentiostat-
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galvanostat PGZ100, radiometer type associated with
"voltamaster4" software.

The current-potential curve is obtained by potentiodynamic
mode, the potential applied to the sample varies
continuously with a scanning rate of 30 mV / min. We chose
a relatively low rate of scanning to be quasi-steady. Before
curve plot, the working electrode is maintained at a potential
of -800 mV for 15 minutes.

The measures electrochemical impedance spectroscopy
(EIS) were performed with the same electrochemical
system. The frequencies between 100 KHz and 10 Hz were
superposed on the potential for corrosion and various other
potential points. The diagrams given in the impedances are
Nyquist representation.

The various tests were carried out maintaining the
temperature at 25°C+1.1°C of the electrolyte with a
thermostat FRIGITHERM mark.

3. RESULTS AND DISCUSSION
3.1 Analysis of the chemical composition of the essential
oil

The essential oil of Thymus satureoides's main components:
borneol (35.9%) (Fig.1), Carvacrol (17.8%), camphene
(10.2%), o-thujone (2.4%). a-terpineol (0.6%), analysis of
the chemical composition of the essential oil was performed
by gas chromatography coupled to mass spectrometry. The
chromatogram obtained is shown in Fig. 2 The retention
time and the relative percentage of the various constituents
of the essential oil are shown in Table 1.
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3.2 Potentiodynamic polarization curves
The measurement of the corrosion potential and the
transient curves plotted intensities-potential indicates the
type of inhibitor (cathode-anode) in the direction of
deflection of the potential relative to the potential measured
in the absence of inhibitors, while distinguishing the
influence of the inhibitor on each of the individual reactions,
anodic and cathodic , to the electrode, it can also use the
linear portion of the semi-logarithmic transformation E = f
(log 1), allow us firstly to access the value of the corrosion
current density and other share the values of the slopes of
the Tafel.
Figures 3,4 and 5 show the curves of cathodic and anodic
polarization of copper in HNO3 media,without inhibitor
(Fig. 3), with the addition of the essential oil of Thymus
satureoides (Fig. 4), and then with the addition of Borneol
(Fig. 5) at different concentrations. The electrochemical
parameters derived from these curves are shown in Table 2.
The inhibitory effectiveness of tested compounds% IE is
defined by equation:

% EI :Icorr —lcorr X 100

corr

Where I'corr lIcorr and respectively represent corrosion
current densities determined by extrapolation of the straight
Tafel corrosion potential with and without addition of
inhibitor.
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I I Fig. 3. Polarization curves of copper in 2M HNO; without addition of
Time (min) inhibitor at 25°C.
1.Chemical structure of Borneol.
Fig. 2.Chromatogram of the essential oil of Thymus satureoides. a00PPM
01 N
Table 1.Constituents of the essential oil of thyme. S
Time (min) Area% Compound 0014 .
16609 0.30 thujene (alpha) E
17390 10.20 Camphene T Ll
20871 11.19 limonene =
24106 2.43 alpha-thujone
27524 35.89 Borneol 1844
27780 0.55 alpha terpineol
28348 9.26 pinanone 1E-5 " " " " " " "
30238 6.68 thymoguinone 08 06 04 02 00 02 04 06
32067 17.81 Carvacrol E/(VIECS)
32416 1.04 isomenthyl acetate Fig. 4. Polarization curves of copper in 2M HNO3 without and with
37412 4.06 Himachalene addition of the essential oil of Thymus satureoides at different

concentrations to 25°C.
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2M nitric acid

= 1600PPM
= 1400PPM

— tooppu In the control medium (white) in the cathodic branch, there
__isoobrt are four areas of potential: the first area is observable at
more negative voltages (less than a) where'there is an
intensive gassing due to the reduction reaction of protons
which coincides with that of'nitric acid. The second range
between -600 mV / SCE and -240 mV / ECS is
characterized by a linear growth of the logarithm of current
versus potential. It corresponds to the reduction of'nitric acid
on the surface of'electrode.
The third area, on a current plateau between -200 mV / SCE
where'there is the'cessation of gas evolution. Showing a
considerable decrease in current density for this part of the
curve.
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Fig. 5. olarization curves of copper in 2M HNO3 without and with
addition of different concentrations Borneol to 25 ° C.

Table 2. Electrochemical parameters and inhibitory efficacy of copper in 2M HNO; without and with adition of the essential oil of
Thymus satureoides Borneol and at various concentrations at 25 °C.

Inhibitor CINH/ Corr/ (mV/ Corr/ (mA/ Ba/(mV) Be/ (mV) IE%

(ppm) SCE) cm2)
Blank 65.2 2.1741 77.0 -349.5

200 68.9 1.8560 75.9 -206.1 14.63

the essential 400 70.4 1.4906 72.0 -165.8 31.44

oil of Thymus 600 56.3 1.3529 126.2 -21.4 37.77

satureoides 800 50.9 1.2059 106.0 -21.4 44.53

1000 59.2 0.7500 93.6 -877.6 65.50

1200 56.5 0.2387 42.9 -96.5 89.02

1400 57.3 0.2383 40.8 -148.0 89.04

1000 50.7 1.7141 121.5 -18.1 21.16

1200 53.9 1.3742 112.2 -22.7 36.79

Borneol 1400 57.4 0.8851 95.7 -821.4 59.29

1600 60.4 0.6584 95.1 -466.0 69.72

1800 33.0 0.6561 123.8 -279.4 69.82

overvoltage of copper is much greater in the presence of the
inhibitor. On the other hand, the influence of the inhibitor
on the corrosion potential of ennobling result of accelerating
the formation of the protective layer in the nitric medium.

This allowed us to conclude that the low current density
associated with this area is due to the reduction of'oxygen
dissolved in the solution. Finally, the fourth field from -200
mV / ECS up'the corrosion potential (65 mV / SCE). This
part of the curve corresponds to the reduction of HNO2 [25].
In the anodic branch, there are two potential areas: the first
area is from the corrosion potential and the beginning of the
linear portion to an equal potential value of 300 mV / SCE
where gas evolution is observed. It is probably due to

Case of the essential oil of Thymus satureoides

Examination of Fig. 4 and the data in Table 2, we can see
that the addition of the test compound causes a slight shift of

1JERTV 31520538

the'oxidation'a species produced by the reduction of'(likely
NO) nitrous acid where'it was found that the continuous
release to occur. The second area in which the current
density increases continuously with the potential'electrode
reflects the anodic dissolution of cuivre [25].

Addition of inhibitor

Addition of this inhibitor in a nitric medium (2M) results in
a corrosive significant decrease in corrosion rate.
Furthermore the hydrogen overvoltage may decrease or
increase depending on the nature of the metal, the hydrogen

the corrosion potential but with a tendency towards the
cathode values. This displacement is accompanied by a net
decrease of the densities of the anodic and cathodic current
which is more marked when the concentration of inhibitor
increases until a critical concentration at which value of
0.2387 mA / cm? is obtained corresponding to an efficiency
of 89.02%.

This decrease of the current bit to be explained by the
inhibiting action of this inhibitor, the adsorption of chemical
compounds in the essential oil on the surface of active
electrode sites, creating a barrier that slows the dissolution
of metallic copper in the anodic sites and blocking the
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release of hydrogen in the reduction of the blocking on

cathodic hydrogen sites [26].

In the light of these results we noted the mixed nature of the

inhibitor used with predominant cathodic effectiveness.

On the other hand the addition of inhibitor varies slightly the
values of Tafel slopes, but this does not necessarily mean a
change in the mechanism of the reaction. Indeed, when the
recovery rate increases with the concentration of inhibitor,
the active air electrode is reduced and the adsorbed film can
have an ohmic behavior, manifested by a change in the value
of Ba and Bc. So although the inhibitor has an inhibitory
efficacy makes good slow corrosion of copper, there is the
reduction reaction of nitric acid and thus release of
dihydrogen that the dissolution of copper following the same
mechanism in the absence inhibitor on free sites metal [27].

Case Borneol

The analysis of Fig. 5 and Table 2 shows that the addition of
the inhibitor leads to a small movement of the corrosion
potential. This displacement is accompanied by a decrease
in the anodic and cathodic current is due to the inhibitory
action of a mixed character Borneol but still much less
influential than in case of the essential oil.

Comparison of electrochemical results obtained in this study
show that the addition of essential oil Thymus satureoides a
still more pronounced effect than that of its major product,
Borneol alone. Where it is found that the maximum
efficiency of 89.02% is achieved at 1200 ppm to the total oil
while it is only 69.72% of a higher concentration of 1600
ppm in the case of Borneol.

On the other hand, always with the same concentrations, the
corrosion current in the presence of Borneol decreases to a
value of 0.6561 mA / cm’ a value which remains
substantially higher than that obtained with the total essential
oil and which is of the order of 0.2383 mA/cm?.

Transient electrochemical measurements

The electrochemical impedance measurement technique is
particularly suitable for determining the mode of inhibitor
action, evaluation of dielectric properties of the film formed
and follows their evolution as a function of many
parameters.

It also helps to explain the chemical or electrochemical
process developing through the films formed. Thus, we
applied this technique to study the influence of the addition
of the essential oil Thymus Sautreoides on the
electrochemical behavior of the interface of copper / 2M
HNOj3, while comparing this activity with that of Borneol.
These measurements were made at various points of the
current-potential curve in the absence and presence of
inhibitor.

Allure of the diagram corrosion potential.

The Fig. 6 shows the diagram of electrochemical impedance
of copper obtained in 2M HNO; with and without addition
of inhibitors. The dielectric parameters of the metal /
solution interface from this diagram are collected in Table 3.

The inhibitory effectiveness was determined by equation:

E% = RTRTRT x 100

T

Where Ry and Ry' are respectively the resistance of the
charge transfer copper 2M HNO; in the absence and
presence of inhibitor to E = 65 mV / SCE.

The values of charge transfer resistance (RT) were
calculated based on the difference in impedance between the
upper and lower frequency values.

The double layer capacity (Cy) and frequency (fmax) at
which the imaginary component of the impedance is
maximum are shown in Equation:

1

Cdl: 21 fmax RT
& HNO3
B THYM 1200ppm
20 borneol 1600 ppm
15
E
9
€ 10
i -
o
€
S 5
N
0
-10 10 20 30 40
E Zr (ohm.cm?)

Fig. 6. Electrochemical impedance diagram of copper with and
without the addition of inhibitors to the corrosion potential in 2M
HNOs.

Table 3. Parameters electrochemical characteristics of
impedance diagram of copper with and without addition of
inhibitors 2M HNOs, the corrosion potential.

Inhibitor Rt/ fm/ Hz Cdl/ E%
concentration / ppm | ohm.cm? pF/cm?
Blank 18.71 22.89 3715 | -
Essential oil
Thymus satureoides 154.70 6.25 164.6 87.9
1200 ppm
Borneol 1600 ppm 61.67 10.00 258.0 69.66

www.ijert.org

This diagram is used to distinguish in the case of the white
vertical bar is formed as a semicircle at high frequencies
characterizing the charge transfer in the presence of these
inhibitors diagrams keep pace even more flattened at least
characterizing the formation of a protectrice layer [28], they
do not close on the real axis reflecting a capacitive interface
behavior.

The equivalent circuit of said Randles used to study the
impedance is given in Fig. 7. The resistance Re of the circuit
corresponds to the resistance Randles of finite conductivity
of the electrolyte. The charge phenomenon of the electrode /

687




International Journal of Engineering Research & Technology (IJERT)
ISSN: 2278-0181
Vol. 3 Issue 2, February - 2014

solution interface causes the appearance of a capacitive The Cq values are considered below those of the blank,

current (shown denoted by the capacitor Cy). The charge thereby confirming the adsorption of inhibitor onto the
transfer resistance Rt is identified in charge transfer metal surface forming a double layer électronique [30].

resistance [29].

Fig. 7.Equivalent circuit used for modeling the impedance These results are in good agreement with those obtained

diagrams made to potential corrosion. by the polarization Borneol which proves to be a good

o inhibitor for copper in 2M HNOj; acid with an efficiency

: of 69.99%, but there is less effective than in the case of

I I the total essential oil which represents an inhibitory

Re efficacy of 87.9%, which shows that the inhibitory action

Ay of Thymus satureoides Moroccan is not due to its major

product.

) Influence of cathodic overvoltage
The value of RT password 18.70 ohm.cm* in the case of

witness 154.70 ohm.cm? 1200 ppm of essential oil of This study was performed in the potentiostatic mode
Thymus satureoides and a value of 61.67ohm.cm? to 1600 potential increasingly along the cathode polarization
ppm of Borneol. curve. Electrochemical impedance diagrams are shown in
Higher values of R+ inhibitors for higher concentrations, Fig. 8 for the essential oil of Thymus satureoides and Fig.
indicating the resistance against charge transfer reactions, 9 for Borneol.

responsible for corrosion process, for forming a

protective film on the metal-substrate interface acid. The parameter values associated with these measures are

summarized in Table 4 for the essential oil of Thymus
satureoides and in Table 5 for Borneol.

Case of the essential oil of Thymus satureoides

@ HNO3 B & HNO3

>

Z:im (ohm.cnp?)
o (2}
[ {
[
o
% Zig (on c2) o,
®

o
15 # 25 3.5 4.5
5 " 0 5 10 15
-1 Z (ohm.cm?) Z (ohm.cm?)
150
C # HNO3 2M

200 250

Z (ohm.cm?)

Fig. 8. Diagram of electrochemical impedance determined at different cathode voltage, the copper in 2M HNO; with and without addition of the essential
oil of Thymus satureoides to 1200 ppm.

A. E=-600mV/ECS B.E=-400mV/ECS C.E=-200mV/ECS
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Table 4. Characteristics derived from the impedance diagrams obtained under cathodic polarization with and without
addition of the essential oil Thymus satureoides 1200 ppm of copper in 2M HNOs.

Inhibitor E/mV/ECS R+ / ohm.cm? fm/ Hz Cai / uF/em?
-600 1340 4091.36 29.03
Blank -400 8202 837.84 23.16
-200 47.32 157.02 21.42
Essential oil of -600 1370 3850.56 30.17
Thymus -400 9620 615.25 26.89

satureoides 1200

ppm -200 264.4 11.28 53.36

A (E = -600 mV / ECS)

The electrochemical impedance diagrams plotted in
potentiostatic mode, the potential to -600 mV / SCE,
which is within a characteristic field transpassivity. The
results obtained are consistent with those found by
Keddam andYU [31-33].

The diagram shows a portion of a capacitive semicircle
connected to the high frequency of the double layer
capacity. The resistor corresponds to an associated charge
transfer resistance. On the other hand an inductive loop is
apparent in the frequency range of 10 Hz to 10 MHz.

B (E = -400 mV / ECS)

The impedance plots diagrams to -400 mV / SCE show a
capacitive high frequency which can be attributed to the
charge transfer followed by an inductive loop loop.

The analysis of the impedance values reveals a decreased
charge transfer resistance and an increase in frequency,
compared with the corresponding diagram obtained at -
200 mV / SCE. This may mean that the process for the
charge transfer, diffusion, adsorption include several
slow steps in A than B. proposed at this stage the reaction
mechanism contains several successive elementary steps.
This change in resistance is quite compatible with the
existence of a plateau in the curves polarization [34].

C (E = -200 mV / ECS)

The two diagrams are with and without inhibitor
consisting of a high-frequency arc which can be
attributed to charge transfer. It is noted that these
diagrams are not close to the real axis, which reflects a
capacitive interface behavior.

Discussion

In general, in the presence of thyme impedance values
are greater than those of copper in 2M HNOj alone. This
result reflects the influence of the cathodic
electrochemical behavior of the interface Cu/ 2M HNO.
this inhibitor is

Indeed impedance diagrams of

characterized by the increase

in charge transfer resistance and the double layer
capacity, and the decrease of the frequency.

The results of the influence of power surges on the
cathode of the electrochemical impedance with and
without copper inhibitor in addition to medium acid
diagrams HNO3; 2M, may be divided into two parts:

-For a voltage -200 mV / ECS there has been a capacitive
arc which does not close on the real axis, indicating a
charge transfer with a reduction mechanism consists of
several successive elementary steps involving adsorbed
compounds H,gs like.

_For the potential of -400 and -600 mV / SCE. In this area
the impedance diagrams are characterized by the
presence of a capacitive charge transfer loop followed by
a inductive loop. The resistance value of the load transfer
to -600 mV / SCE decreases reflecting acceleration of the
electrochemical process or a change of mechanism [35].

Case of Borneol.

A'1 ¢ HNO3 2M Bl6 ® HNO3 2M A borneol 1600 ppm
a4

0.5 £

£ RS ol T g

9 ® A <9

_g 0 ® A o

s & A E,

£ | ¢ 2 3 4 ||~

~O.5 ® A 5 5 10 15

-1 Z (ohm.cm?) Z (ohm.cm?)
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1 ¢ HNO3 2M
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Fig. 9.Diagram electrochemical impedances determined at different cathode overvoltages, on the copper in 2 M HNO3 without and with
addition of 1600 ppm Borneol.

A'.E=-600mV/ECS

B'. E=-400 mV/ECS

C'".E=-200mV /ECS

Table 5. Characteristics derived from the impedance diagrams obtained under cathodic polarization with and without

addition of Borneol to 1600 ppm of copper in 2M HNO3.

Inhibitor E/mV /ECS Rt / ohm.cm? fm / Hz Cq / pF/em?
-600 1340 4091.37 29.03
Blank -400 8202 837.84 23.16
-200 47.32 157.02 21.42
Borneol 1600 -600 1356 1650.78 71.10
ppm -400 9350 1208.08 14.09
-200 188.4 47.29 17.86

The influence of cathodic overvoltage was performed in
potentiostatic mode along the current-potential curve at
1600 ppm Borneol. The shape of the corresponding
impedance diagrams is similar to that obtained with the
essential oil of Thymus satureoides where we see the
emergence of a capacitive loop followed by an inductive
loop.

Deviations perfect circular shape are often refereed to
frequency dispersion of interfacial impedance. This
unusual phenomenon can be attributed to the
heterogeneity of the surface of the electrode resulting
from the surface roughness or phenomena interface [36,
37].

The Rt values are lower compared to those obtained
under the same conditions with the thyme. These results

Case of the essential oil of Thymus satureoides.

demonstrate the effect more pronounced cathodic thyme
compared to Borneol.

Influence of the anodic overvoltage

All experimental results were obtained in potentiostatic
mode. The imposed potentials are 100, 200, 400 mV /
SCE. Electrochemical impedance diagrams are shown in
Fig. 10 for the essential oil of Thymus satureoides and
Fig. 11 for Borneol.

The parameter values associated with these measures are
summarized in Table 6 for the essential oil of Thymus
satureoides and in Table 7 for Borneol.

D ¢ HNO3 mthym 1200 ppm E & HNO3 mthym 1200 ppm

1 [ N | "

Tos C LRl g0l «W

o o .

E o E o H

s So1te m 2.5 3

£ 18 2.8 3.8 48 || g
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Fig. 10.Diagram of electrochemical impedance determined at different anode voltages, the copper in 2M HNO ; with and without

addition of the essential oil of Thymus satureoides to 1200 ppm.

D. E =100 mV /ECS E.E=

200 mV / ECS

F. E =400 mV /ECS

Table 6. Characteristics derived from the impedance diagrams obtained under anodic polarization with and without addition
of the essential oil Thymus satureoides 1200 ppm of copper in 2M HNOs.

Inhibitor E/mV/ECS R; / ohm.cm? fm / Hz Cq / WF/cm?
100 1228 314.04 412.7
Blank 200 0.5102 400.08 779.7
400 0.3478 10.00 45740
Essential oil of 100 5841 132.98 204.9
Thymus 200 1756 161.36 561.7
satureoides 1200 400 0.4064 8.89 44030

ppm

D (E = 100 mV / ECS)

In the case of white, the impedance diagram obtained
shows a capacitive loop. The same was observed with the
addition of thyme, a loop diagram falls due to charge
transfer and speaker at the interface Cu/2M HNO3.

E (E = 200 mV / SCE) and F (E = 400 mV / ECS)

The records for the 200 and anode overvoltage
impedance 400 mV / SCE copper in 2M HNO; diagrams
are characterized by two loops relatively poorly defined.
The first high frequency loop is a rapid process, which is
associated with the first step of electronically transferring
the adsorbed copper ions (Cu®,gs) to the metal surface
according to the following reaction:

Cu2 Cuygs +€

The second loop mid-frequency corresponds to the
second step of the electrochemical reaction that is to say
the charge transfer because the slower the frequency
decreases with increasing voltage, these results are in

good agreement with those found by Kanouni and Wayne
[35-38].

Cu' 2 Cu® +&

DISCUSSION

Examination of the various values associated with each
impedance diagram copper 2M HNO; acid alone for the
various anodic overvoltage characteristics shows that the
capacity of each loop believe with increasing voltage,
however the resistance decreases. These variations reflect
the increase in the dissolution of copper by increasing the
active surface of the electrode.

The introduction of the essential oil of Thymus
satureoides shows a higher value of the charge transfer
resistance at the same time and a decrease in capacitance
associated with the capacitive device, which is probably
due to the blocking of surface of the working electrode
by forming a protector film [35].
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Case of Borneol.

Dl ¢ HNO32M A borneol 1600 ppm 1 ¢ HNO32M A Borneol 1600 ppm
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Fig. 11. Diagram impedances determined at different electrochemical anodic overvoltages, on the copper in 2 M HNO ; without and with
addition of 1600 ppm Borneol.
D' E=100 mV /ECS E'. E=200mV/ECS F'.E=400mV /ECS

Table 7. Features derived from the impedance diagrams obtained under anodic polarization with and without addition of
Borneol to 1600 ppm of copper in 2M HNOs.

Inhibitor E/mV/ECS | Ry/ohm.cm’ fm / Hz Cg/ nF/cm’
100 1228 314.04 412.7
Blank 200 0.5102 400.08 779.7
400 0.3478 10.00 45740
Borneol 1600 100 2436 206.45 316.47
ppm 200 0.7082 354.64 633.68
400 0.3453 10.23 45051.72
Like the case of thyme, electrochemical impedance CONCLUSION
diagrams of the anodic overvoltage Borneol to 1600 ppm,
showed a change in these diagrams as a function of Based on the above results, the following conclusions can
applied potential. be drawn:
This trend is manifested by the appearance at the
beginning to 100 mV / ECS a capacitive arc, 200 mV / e The essential oil of Thymus satureoides proved an
SCE and the arc followed by a |oop at low frequencies effective inhibitor for the corrosion of copper in 2M HN03
which is ill-defined at 400 mV / ECS reflecting step The study also showed that this activity is mainly due to a

synergy between these different chemical compounds and
not just its major product (Borneol) alone.
e The efficiency increases with the inhibitor concentration

dissolution, but with higher values of resistance, on the
other hand we notice that the values Ry’ resembles that of
R+ with the changing potential.

The effect of the addition does not appear Borneol to reach 89.02% at 1200 ppm for the essential oil of Thymus
significantly affect the anodic process anodic satureoides and 69.72% at 1600 ppm for the major
overvoltages higher than 200 mV / SCE. component alone.
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e The values of Ba and Bc slopes polarization curves show
that the tested inhibitors act as a mixed inhibitor, with a
predominant cathodic efficiency for the essential oil.

e The electrochemical impedance  measurements
conducted with copper in 2M HNOj; in the presence of the
essential oil of Thymus satureoides Borneol and show that
the addition of such compounds increases the corrosion
resistance of copper.

¢ Inhibitors act primarily by a simple reduction of the
active area without changing the mechanism of anodic and
cathodic processes

REFERENCE

1 R. Gasparac, C.R. Martin E.S. Lisac, Z. Mandic, J.
Electrochem. 2000, Soc. 147 99

2 G. Schmitt, Br Corros. J. 1984 19.165

3. A Frignani, L. Tommesani, G. Brunoro, C. Monticelli, M.
Fogagnolo, Corros. Sci. 1999 4 1.1205

4. L. Tommesani, G. Brunoro, A. Frignani, C. Monticelli, M.
Dal Colle, Corros. Sci. 1997.39,22

5. F. Zucchi, G. Trabanelli Mr. Fonsati, Corros. Sci. 1996,
38, September 20

6. S. Kertit, H. Essoufi, B. Hammouti Mr. Benkaddour, J.
Chim. Phys. 1998 952 070

7. R. Salghi, L. Bazzi, B. Hammouti, S. Kertit, Bull.
Electrochem. 2000, 6, 272

8 C. Fiaud, Proceedings of the 8th Eur. Symp. on Corrosion
Inhibitors, Ann. Univ. Ferrara.1995, 2, 929

9. H.P. Lee, K. Nobe, J. Electrochem. Soc. 1986, 33, 2035

10. F.K. Grundwell, Electrochim. Acta. 1992, 37, 2707

G.K. Gomma, J. Mater. Chem. Phys. 1998, 56, 27

A.S. Fouda, I.S. Al-Naimi, Bull. Soc. Chim. Br 1999 27 35

A.S. Fouda, A.K. Mohamed Mostafa H. A., J. Chim. Phys.

1998, 95, 45

14. A.S. Fouda, M.M. Gouda, S.l. Abd-El-Rahman, Bull.
Korean Chem. Soc. 2000, 2, 085

15. G. Quartarone, G. Moretti, T. Bellomi, G. Capobianco, A.
Zingales, Corrosion.1998, 54, 606

BERE

17.
18
19,

2L

24,

21.

www.ijert.org

International Journal of Engineering Research & Technology (IJERT)
ISSN: 2278-0181
Vol. 3 Issue 2, February - 2014

D. Tromans, R. H. Sun, J. Electrochem. Soc. 1999, 38,
3235

T. Aben, D. Tromans, J. Electrochem. Soc. 1995, 42, 398
A.K.P. Chu, Sukawa A.J., J. Electrochem. Soc. 1969 6 88
R. Walker, Corrosion.1975, 3, 97

G. Lewis, Corros. Sci. 1982, 22, 7-579

GP Cicilo, BM Rosales, FE Varela, JR Vilche, Corros. Sci.
1999 4

E.S. Lisac, N. Galic, R. Gasparac, Corrosion.2000, 56, 05
A.Chetouani, B. Hammouti, Bull.Electrochem. 2003, 19,
23

A. Chetouani, Thesis, University Mohammed Premier,
Oujda Morocco. 2000

E. Casero, C. Alonso, J. A. Martin-Gago, F. Borgatti, R.
Felici, F. Renner, Livy Lee, J. Zegenhagen. Surface
Science. 2002, 507-510, 688-694.

A.S. Fouda, H. A. Wahed. Arabian Journal of Chemistry.
2011

M.Bilel. Thesis statement, University Mentouri Constantine.
2011

K. Morakchi, A. Hamel, A. Zazoua, R. Kherrat. Journal of
Renewable Energies. 2008, VVol. 11 No 3, pp. 357-362.

J. Muller. PhD in Sciences from the University Paris East -
Créteil. 2010.

K.P. Vinod Kumar, M. S. Narayanan Pillai, G. Rexin
Thusnavis. Portugaliae Electrochimica Acta. 2010, 28 (6),
373-383.

Mr. Keddam, H. Takennouti, N. YU. Corr. Sci. 1987 (27), pp.
107.

Mr. Keddam, H. Takenouti, N. YU. J. Electrochimica. Soc.
1985 (132), p. 25621.

N. YU. PhD thesis, University of Paris. 1986.

A.Legal, Mill Hall, PhD, University of Paris. 1991. France

A. El Kanouni. Graduate Studies at the University of Rabat.
1995.

H. Shih, H. Mansfeld, Corros. Sci. 1989, 29, 1235.

S. Martinez, M. Metikos-Hukovic, J. Appl. Electrochem.
2003, 33, 1137.

W.Huang, S. Tamilmani, S. Raghvan, R. Small. Int. J.
MNER. Process. 2003 72.365.

693



