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Abstract

The essential oil ofrtemisia herba alba has been extracted and tested as an inhibitor of
lead corrosion in 0.1 M N&0Osz medium, using stationary and transient electroetam
techniques. The results obtained show that thentak@il of Artemisia reduces the
corrosion rate. The effectiveness of inhibitionreases with the oil concentration to
reach 77 % with 2000 ppm. The effect of temperatvas also studied.
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Introduction

The growing need for corrosion inhibitors is becognincreasingly necessary to
stop or delay the attack of a metal in an aggresswlution. The major

application areas are: acid etching, cleaning wnttustrial acid, scaling and
acidification.

Considerable efforts are made to find suitable cmmgs for use as corrosion
inhibitors in various corrosive environments [1-8].

These organic compounds are either synthesizektomcéed from spices and
aromatic and/or medicinal plants. Naturally anti@nts, their use as corrosion
inhibitors has been preferred, both for their ecoico value and for the

environmental objectives. These benefits have aageud us to pull a large part
of our laboratory program to examine the inhibitpower of different extracts

from natural substances. We found that thyme [9-d&§tor [11], spearmint [12-
13], verbena [14], cloves [15], myrtle [16], euqalys [17], etc., possess the
power to be very effective corrosion inhibitors.

" Corresponding author. E-mail addréeaam30@hotmail.fr



El-Miziani Inaam et al. / Port. Electrochim. Acta 33 (2015) 305-316

The encouraging results achieved by the oil flartemisia herba alba as steel
corrosion inhibitor in HCI 1M solution [18], as wWedbr copper in HNG 2M
[19], allowed us to expand its use in a basic smiutin fact, Artemisia herba
alba, known in arabic such as Chih, is a spontaneoast pihich abounds in
desert of Middle East, Mediterranean Basin and Saisaran high plateau.
Artemisia herba alba as aromatic plant is widely exploited for its ed&sd oil.
The latter is characterized by an extraordinaryrabal polymorphism.

The objective of this work is to study by polaripat and electrochemical
impedance methods, the effect of wormwood whitenithe lead corrosion in a
solution of NaCQOs 0.1 M. The effect of temperature was also studied.

Experimental

Extraction of artemisia herba alba essential oil

Artemisia herba alba (Fig. 1) has been collected from the region of dga
Morocco. The aerial parts of the plant were aiediin the laboratory at ambient
temperature. The essential oil was obtained bynstebstillation using a
Clevenger type distiller for about 3 hours. Theeesial oil yield ofA. herba alba

is 1,1%. This essential oil yield has been catedlaon the basis of the dry
matter.
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Figure 1. Chromatogram oA. herba alba essence

After extraction, a part of the essential oil wasalsgzed for its chemical
composition by gas chromatography coupled with nspestrometry technique.
The other part was tested for anticorrosive agtivithe oil obtained after
extraction, was recovered and stored in a darlebatt4 °C before use.

Preparation of the solution

The solution of sodium bicarbonate (Sigma-AldrichNeeCOz 0.1 M was
prepared with distilled water. Test solutions waeshly prepared before each
experiment, by adding the oil directly to the ceive solution. Experiments
were conducted in three repetitions to allow deteation of reproducibility.

Electrochemistry measurements

The electrochemical experiments were performedpyrax cell, equipped with a
conventional three electrodes (lead as an electwaoking disc cup-shaped
with a geometric area of 1 énplatinum as auxiliary electrode and a saturated
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calomel electrode SCE as reference electrode).l@dw disk was abraded with
sandpaper for different particle size up to 120@grdased with acetone,
rinsed with distilled water and dried before eaelst.tThe measurements are
carried out with a mounting including a potentibgialvanostat PGZ100,
type radiometer, associated with the "voltamastsoftware.

The current-potential curves are obtained by paidghamic mode; the potential
applied to the sample varies continuously with ansing rate of 2 mV/sec,
between -1000 and 1000 mV.

The electrochemical impedance spectroscopy meagil& was carried out
with similar previous electrochemical system. Tregtiencies between 100 kHz
and 10 Hz were superimposed on the corrosion paterithe impedance
diagrams are given in the Nyquist representation.

The chronoamperometric curves were traced totengal of 150 mV for 3600
seconds.

Results and discussion

Analysis of artemisia essential oil

The analysis of the chemical compositidnherba alba essential oil shows the
presence of chemotype to alpha thujone and camplabte 1 contains the main
constituents of the essential oil.

Tablel. Major constituents of the essential oilArtemisia herba alba.

Name of the component| Peak number, Retention timg Percentage (%)
camphene 1 9.36 3.57
1.8-cineole 2 12.64 9.28

alpha thujone 3 15.56 25.99
beta thujone 4 15.98 16.01

camphor 5 16.97 28.96

myrtenal 6 21.31 6.44

Effect of concentration

The potentiodynamic polarization measurements

Fig. 2 shows the plots of cathodic and anodic maséion of lead immersed
in N&eCGOs 0.1 M at 293 K in absence and presence of difterencentrations of
the inhibitor. The electrochemical data, corrogpmtential (Ecorr), the corrosion
current density (Icorr), and passivation (Ipass) ksted in the Table 2. The
inhibition effectiveness (%) is calculated by edqumatl:

IE% =]|:Drr—]-'|:nrr XlOO (1)

Icorr

where Icorr and I'corr represent, respectively, tm@rosion current density
determined by extrapolation of Tafel straightsh@ torrosion potential without
and with addition of the inhibitor.

The inspection of these results revealed that dnesion density ) decreased
in the presence of the inhibitor. Indeed, with &ddi of 2000 ppm of the
essential oil, the decrease of the corrosion imtens noted by a factor of
4.3457; this behavior reflects its ability to iniithe corrosion of lead in a
solution of 0.1 M N&COQs.
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Figure 2. Potentiodynamic polarization curves of lead in@G@ 0.1 M in absence and
presence oA. herba alba essential oil at different concentrations at 25 °C

Table 2.Electrochemical parameters and inhibitory efficieraf lead in NaCOs 0.1
M without and with addition of the essential oildifferent concentrations at 25 °C.

Inhibitor Cinh Ecorr | corr I pass IE%
(ppm) (mV/ECS) (LA/cm?)  (UA/cm?)
Blank - -644.5 28.4762 136.4 ---
1000 -832.5 15.2029 77.32 46.61
1200 -820.5 13.3056 55.79 53.27
The essential 1400 -831.0 12.7067 54.37 55.37
oil of A. 1600 -823.0 9.5282 49.67 66.54
herba alba 1800 -819.0 8.6226 40.57 69.72
2000 -805.5 6.5526 38.51 76.98
2200 -815.2 6.5003 38.02 77.17

It is eventually clear from Fig. 2 and Table 2 ttte# adsorption of the inhibitor
moves slightly the corrosion potential ¢ in the most negative direction
compared to blank, which means that the decreasatldic reaction is the
main effect of this corrosion inhibitor[20]. Theoeé, these results indicate that
the essential oil oA. herba alba acts as an inhibitor of mixed type [21].

The increase of passivation current is also nateah fa value of 136pA/chito a
value of 38uA/crh Indeed, the addition of 2000 ppm decreases thsiyzion
current passby a factor of 3.5. This decrease is mainly duhé&adsorption of oil
on the metal surface.

The inhibition efficiency increases with inhibitooncentration to reach 76% at
2000 ppm ofA. herba alba essential oil by reducing the density current fram
value of 28.47uA/chto a value of 6.55uA/cth

Chronoamperometry

The chronoamperometric tests of the current as ractitn of time were
performed to identify the type of lead corrosiorsodium bicarbonate solution in
the absence and presence of the inhibitor. Thendamperometric curves of
lead measured at 150 mV in XDz 0.1 M without and with more than 2000
ppm of Artemisia herba alba essential oil are presented in Fig. 3.
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Figure 3. Chronoamperometric curves of lead at 150 mV inQ 0.1 M with and
without 2000 ppm of essential oil at 25 °C.
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Figure 4. Nyquist representation of lead in 8603 0.1 M at different concentrations of
Artemisia herba alba essential oil at 25 °C.

It is clear that higher values of oxidation currehtead dissolution are recorded
in NaCOzs solution without inhibitor; it is due to the cosige attack of OHions.
The initial higher values of current occurs becdaad dissolves in a first time to
form Pb(OH), which is unstable thus is transformed to Pl@en the current
decreases with time due to the formation of an @xayer (Pb®@. The
formation of such a layer provides a partial protecand doesn’t allow current
to rise [22]. Adding 2000 ppm of essential oil sasl a sharp decrease in the
current value, which is probably due to the adsonpof inhibitor on the surface
of lead molecules, and the blocking of active sitélsus preventing its
dissolution. These results are in good agreemehttive polarization data, Fig. 2
and Table 2, and confirm the ability éftemisia herba alba to inhibit lead
corrosion.

The electrochemical impedance spectroscopy measurements

Nyquist performances for lead in §0z 0.1 M solution in absence and presence
of different concentrations dfrtemisia herba alba essential oil are given in Fig.
4.
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The impedance spectra were simple semicircles, then diameter increases
with the increase of inhibitor concentration. Thregence of a single semicircle
indicates that the charge transfer occurs at ttezface electrode / solution, and
the transfer process reaction of lead corrosigor@sence of the inhibitor doesn’t
change its dissolution mechanism [23].

The inhibitory effectiveness was determined by équa2:

_ Rr-Ry
E%=—"— X 100 (2

where R and R' are respectively the charge transfer resistarfcéead in
NaCOz 0.1 M medium in absence and presence of inhibitor.

The dielectric parameters are given in Table 3. Tadues ofR’ increase
with the growth of inhibitor concentration whileqGralues are decrease. The
increase ofRyvalues may suggest the formation of a protectiwerlan the
electrode surface [24].

Table 3.Electrochemical parameters characteristic of legaedance diagram with and
without addition of inhibitor in NaCOz 0.1 M medium.

Inhibitor Concentration in Rt Cal E%
ppm Ohm.cm? uF/cn?
Blank 0 236.9 67.16 -
1000 410.64 23.65 4231
1200 460.08 18.36 48.51
Essential Oil of 1400 499.89 17.21 52.61
Artemisia herba 1600 651.72 16.62 63.65
alba 1800 693.70 13.41 65.85
2000 959.88 10.32 75.32
2200 1029.10 9,414 76.98

The charge transfer resistance values) (Rere calculated according to the
difference between impedance values at lower agbehifrequencies. ThedC
values are considered inferior to those of blankieawhich confirms that the
adsorption of the inhibitor onto the metal surfdoems a double electronic
layer [25]. These results are in good agreement witose obtained by
polarization whereéArtemisia herba alba essential oil is proved to be a good
inhibitor for lead corrosion in basic medium A¢&s 0.1 M with an efficiency
of 77 %.
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Figure 5.Lead polarization curves in MaO3 0.1 M medium without inhibitor at
various concentrations.

1/ (pAiCm’)

—25°C
15°C
=30

LE-7

—II.{I -&I.S OI.D ﬂiS I.ID
B/ (W/ECS)
Figure 6. Lead polarization curves in Na0s0.1 M medium with 2000 ppm of the
inhibitor at different concentrations.

Effect of temperature

Temperature is an important parameter that affgtscorrosion phenomenon.
The measurements are taken at different tempesa{@i&-308 K), in absence
and presence of 2000 ppm of essential oil in 0. N&CO:s.

Polarization measurement

The effect of temperature without and with additadnA. herba alba essential
oil, done by polarization measurements, is showhign 5 and 6, respectively,.
The electrochemical parameters from these testgiaea in Table 4.

The results in Fig. 5 and 6 and Table 4 indicaé there is a general increase in
the intensity of the corrosion within the temperatwof 278 to 308 K. The
solution becomes more corrosive with rising tempgeaand the anticorrosive
activity becomes less effective. This explains thatemisia herba alba is
adsorbed on the metal by electrostatic bonds (vireekis). This type of links
sensitive to temperature cannot fight effectivebjaiast corrosion when the
temperature increases [26].
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Table 4. Electrochemical parameters of lead in.8&; 0.1 M with and without 2000
ppm ofA. herba alba essential oil at different temperatures.

Inhibitor Temperature Ecorr I corr I pass IE%
(K) (mV/ECS) (LA/cm?) (LA/cm?)
278 -631.2 16.2547 19.22
Blank 288 -633.4 20,426 36.64
298 -644.5 28,476 136.4
308 -658.5 35,322 147.2
278 -803.6 3.1631 6,786 80.54
2000 ppm of 288 -809.7 4.2241 23.95 79.32
inhibitor 298 -805.5 6.5526 38.51 76.98
308 -816.6 10,769 91.35 69.51

Electrochemical impedance spectroscopy (EIS)

The effect of temperature on lead corrosion behawio NaCO; 0.1 M
containing a concentration of 2000 ppm of the inbibwas studied in a
temperature range between 278 and 308 K using iammeddiagrams (Fig. 7 and
8); the corresponding results are summarized inelab
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Figure 7. Nyquist curves of lead in N@0O; 0.1 M at different temperatures.

The increase of lead corrosion rate is more prooedirwith higher temperature
in NaCQOz 0.1 M. The inhibitor effectiveness is affected tgmperature; the
results show thatArtemisia herba alba essential oil inhibitor effectiveness
decreases when temperature increases.

Determination of activation energy

To better explain the effect of temperature ondabeosion rate, it is useful to
calculate the activation energy value by using Arehenius equation and
therefore consider that the logarithm of the caoosate is a linear function of
T

Thus, we can calculate the activation energies ftunrelations 3 and 4:

Icorr =K exp ('Ea/RT) (3)
Ilcorr =K eXp ('E'a/ RT) (4)
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where K and K’are constants (pre-exponential pa@marhenius), and £and
E'a are the activation energies, respectively, ineabs and presence of the
inhibitor.
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Figure 8. Nyquist curves of lead in N&O3 0.1 M with 2000 ppm oArtemisia herba
alba essential oil at different temperatures.

Table 5.Temperature effect on lead corrosion in 8@ 0.1 M in absence and
presence of 2000 ppm of essential oil at variomgptratures.

Inhibitor Temperature Rt Cal E%
(K) Ohm.cm? uF/cm?
278 1337 11.90
Blank 288 874 18.20
298 236 67.16
303 153 70.36
278 7282 7,358 81.64
2000 ppm of 288 4072 9,640 78.54
inhibitor 298 959 10.32 75.32
303 515 19.21 70.32

Some conclusions on the mechanism of inhibitorsoactnay be obtained by
comparing Emeasured at a time in presence and absence otatmesion
inhibitor. Fig. 9 represents the Arrhenius plot ihivates of lead corrosion rate
in N&COz 0.1 M with and without essential oil of Artemis@a2000 ppm.

4

is @blank 2000 ppm
a3
825 R*=0.9927
<
E £
. 5
_5 1 R*=10.9792
=
505

0

3.2 33 34 3.5 36 37
1000/ T (K

Figure 9. Arrhenius plots of lead in N&Oz 0.1 M with and without inhibitor.
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The variation of the logarithm of corrosion currasta function of F gives lines
indicating that the Arrhenius law is respected. Vhkies of activation energies
obtained from these lines are given in Table 6.

Table 6. Activation energy of lead corrosion in POz 0.1 M without and with
inhibitor.

Sample Ea/ (kJ / mol)
Blank 18.93
Essential Oil of A. herba alba 29.16

In view of the results of Table 6 it is clear thatpresence of the inhibitor the
activation energy increases, whereas |IE% decreaden the temperature
increases. This behavior demonstrates physisorptienomenon of the inhibitor
on metal surface. The recovery rate, low at higheperatures, suggests that at
these temperatures the destruction rate of thedhysically adsorbed increases
faster than its rate formation.

The values of activation energies obtained fromhAnius lines are about
18.93 KJ.mal, at a concentration 2000 ppm of inhibitor, whickans that when
the recovery rate is maximum, the value of actoragnergy in the presence of
this oil is 29.16 KJ.mol. This confirms the physical adsorption Aftemisia
herba alba essential oil by formation of an effective supsdi film.

The kinetic parameters, the enthalpy and entrogh@torrosion process are also
evaluated from a study of the temperature effentakhernative formulation of the
Arrhenius equation (5) is [27]:

lcorr = x% EXp (—) x exp ('ﬁ) )
where h is the constant of Planck, N is the numﬂeAvogadro AS* is the
entropy of activation and thaH * is the enthalpy of activation. Fig. 10
shows plots of Ln ¢br/ T) compared to 1/T. The lines are obtained witlope
of -AH*/R and an interception of (LnR/Nh AS*/R), from which the values of
AS* andAH* can be calculated; these values are given irl€lab

=8 R®=0.9905

) l\'\‘\\-\q

R*=0.9758
-5

@ blank W2000 ppm 1000/ T (K-1)
Figure 10.Relations between Lncg:/ T) and 1000 / T at different temperatures.

Ln (Iecorr/T) (mA.cm-2)

The inspection of these data revealed that themib@ynamic dataAS* and
AH¥) for lead dissolution reaction in M@0z 0.1 M in presence of the inhibitor is
higher than that in its absence. The positive sighH* reflects the endothermic
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nature of lead dissolution process, which suggésisiead dissolution is slow in
presence of the inhibitor [28]. By comparing theues of activation entropy
AS* given in the Table 7, it is clear that the aation entropy decreases
negatively to a greater extent in presence of whdemwood essential oil, which
reflects the formation of a stable layer controltgdthe inhibitor on lead surface
[28].

Table 7.Values of activation parameteksi* and AS* of lead in NaCOz: 0.1 M in
absence and presence of 2000 ppm of essential oil.

Inhibitor AH *(J/molet.K?) AS* (kJ/mole)
Blank 16.5 -161.92
2000 ppm 26.73 -139.14

Conclusions

The following conclusions can be drawn from thisdgt

— The Artemisia herba alba essential oil is an effective inhibitor of lead
corrosion in a solution of NEOs0.1 M. The inhibition effectiveness
increases with the concentration to achieve 77 20 ppm.

— The results of polarization studies suggest thatdih acts as mixed inhibitor.

— The positive value obtained from the activationrggeeveals physisorption.

— The value ofAH shows that lead dissolution is endothermic.
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