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ABSTRACT

The aim of this work was to characterize the esalentls of Pistacia lentiscus (P.L) from Saidia Maco and
analysis by gas chromatograph interfaced with a srggectrometer (GC-MS). The Corrosion inhibitiofeef of
organic oil and extract of leaves of Pistacia lentis (P.L) of mild steel in 1M HCI solution wasrézd out using,
gravimetric, electrochemical polarization and El®thods. Experiments are performed by varying coinagon of
the inhibitor. The inhibition efficiency increasesth increased organic oil and extract concentratito attain a
maximum value of 96.34 % and 86.59% at 1g/L foraoill extract respectively. The study reveals tliatwas
dominated by monoterpene hydrocarbons (44.99%)ov@tl by oxygenated monoterpenes (13.66%) and
Sesquiterpene hydrocarbons (16.59%). Among themanine (18.92%)-pinene (13.94%)p- caryo phyllene
(6.93%) and terpinen-4-ol (5.57%) were identifiexiraajor components. The Pistacia lentiscus oil exitlact acts
a mixed inhibitor and showed a result of the groimtithe compactness of the protecting film dressirige organic
oil and extract adsorbs on the mild steel surfaceoading to a Langmuir isotherm adsorption model.

Keywords: Corrosion, mild steel, hydrochloric acid, inhibiti, Pistacia lentiscusoil, extract, electrochemical,
adsorption.

INTRODUCTION

Corrosion is a naturally occurring phenomenon comisndefined as deterioration of metal surfaces edusy the
reaction with the surrounding environmental cowdis. Corrosion is a major destructive process tiffgcthe

performance of metallic materials in applicationsmiany construction sectors. The consequencesraision are
quite many and are considered a serious problemdinstry, constructions and civil services suchektricity,

water and sewage systems. Steel is extensively uséddustry especially for structural applicatiprisut its

susceptibility to rusting in humid air and its higissolution rate in acid media are the major atbetafor its use on
larger scale. As acidic media, hydrochloric acidl @ulphuric acid are generally used in industry dtaning,
decaling and pickling of steel structures, the pougnt (reactors, agitators, pumps, drain, etc.)safgected to
slower or faster deterioration; processes whichnareally accompanied by considerable dissolutibthe metal.
However, the aggressiveness of these acids indh#ian against structural materials of mild steble use of
inhibitors is the most practical methods of pratattagainst corrosion. Their addition is necesgargecure the
attack of metal from corrosiveness media such cba&nsieaning and pickling generally used to remmik scales
(oxide scales) from the metallic surface. To prév@mminimize internal corrosion in these systemhbijbitors are
used especially in flow and closed systems, suchresh water distribution systems. The protectidmrmetals
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against corrosion in hydrochloric acid has beerstitgect of much interest since it has been usadkiny industrial
processes, especially in fertilizer production. Huoids damage the materials under treatment amlisrkind of

situation; organic and inorganic inhibitors aredisereduce the corrosive property of acids. A@sion inhibitor is

a substance which when added in small concentradi@m environment, effectively reduces the comogate of a
metal exposed to it. Large numbers of organic camps have been studied and are still being stutiebsess
their corrosion inhibition potential. Several wortsidied the corrosion of various materials intilgdrochloric acid
with addition of chemical ions and solid partickasd sometimes measurements were performed in thestinal

hydrochloric acid to study the behaviour in a tmati complex mediurm®.

Some investigations have also been done on thbiiitni in hydrochloric acid using synthetic inhitnis. Though
the existing data show that organic compounds lgaea anticorrosive activity, some of them are hjgioixic to
both human beings and environm&nBut little works appear to have been done usiatunally occurring
substances in hydrochloric acid as corrosion inbibi The safety and environmental issues of s@minhibitors
arisen in industries has always been a global con€rie to increasing environmental awareness dadrae effect
of some chemicals, research activities in recemiesi are geared towards developing cheap, non-tamxdt
environmentally safe corrosion inhibitors. Therefoattention has been focused on ‘environment dhegreen
inhibitors’ of plant origin, which are inexpensiveadily available and are renewable sources oéradd .

In previous work, we will try a new Plant, Pistadentiscus oil and extract, Moroccan origin, ascafeendly
inhibitor of corrosion mild steel in molar HCI. Rasia lentiscus L. (Family Anacardiaceae) is widdistributed in
Mediterranean Europe, Morocco and the Iberian Reiénand in the west through southern France, Tuikaq
and Iran. It is extensively used in folkmedicing &nd the pharmaceutical and antimicrobial adtieit this species
has been reported by several authors [6, 7]. Nunseessential oil studies have been conducted denBscus
leaves from different provenances [8-12]. The &@@dat has traditionally been used as a stimuffamtjts diuretic
properties, and to treat hypertension, coughs, $woats, eczema, stomach aches, kidney stonegandice [13,
14]. The resin part of this plant known as mas&in and plant called the mastic tree [15, 16]jai great medicinal
value and has already been used in traditionaéssbf medicines like the Unani and Ayurveda systgti], and
it has been reported to possess anticancer [18patidicer activity [19]. Although spices are ugaimarily for
their desirable flavor and odor, they may play ofhgortant roles in food systems [20-22] and dap &e a good
source ofmacro- and trace elements [23, 24]. Tleémments are essential for normal growth of plaatsl their
protection against plant viruses, immunity, anddbmpletion of the life cycle [25, 26]. Throughdhe world, there
is increasing interest in the importance of dietaigerals in the prevention of several diseasematy as well as
animal, studies have shown that optimal intakeslefments such as sodium, potassium,magnesiumugalci
manganese, copper, zinc and iodine could redudeidinél risk factors, including those related tadiavascular
disease [27-29], Mineral compounds are of crificgdortance in the diet, even though they compridg -6 % of
the human body. The essential oil of leaves ofakiat species has been the object of several stofliéseir
antibacterial [6, 30—33], antiproliferative [34] caantioxidant activities [11, 35, 36]. And manydits have been
reported on the antioxidant property of P. lentisf2FF]. Some researchers have reported the chenuogbosition
of the essential oil from leaves of P. lentiscugliokrse origins (France, Spain, Italy, Greece,fEgyurkey, and
Morocco) [38—41].

We propose in this work, the influence of additiohoil extracted fromPistacia lentiscus on inhibition of the
corrosion of mild steel in 1M HCI evaluated at8R9 Study of the kinetics of the corrosion of mateel in
hydrochloric acid was achieved by weight loss, ptitelynamic polarization and electrochemical impemsa
spectroscopy methods after After extraction of ef$ake oil of the aerial part of Salvia Officinaliby
hydrodistillation using a Clevenger type apparaiog identification of major components for essémtilastudied of
Pistacia lentiscusby spectral analysis of gas chromatography and da®matography coupled to mass
spectrometry (GC-MS),

EXPERIMENTAL SECTION

2.1. Plant material, Hydrodistillation apparatus ahprocedure

The leaves oPistacia lentiscusvere collected in the around region of Saidia, Mom The air-dried leaves of
Pistacia lentiscugP.L) were submitted for 4 h to hydrodistillatiosing a Clevenger type-apparatus. The essential
oils were dried over anhydrous sodium sulphatethed stored in sealed glass vials at 4 to 5°C pgaanalysis.
The extracted oil was analyzed using gas chromapdginterfaced with a mass spectrometer (Shimad22@0,
Japan) system fitted with a DB-5 (30m , 0.25mmbQué film thickness) column operating in the splitdenaode,
helium was used as the carrier gas at 1 ml/mininjeetor was maintained at 250°C and the tranigferat 280°C.
The spectrometer was used in the electron impactenad 70eV, full scan from m/z 40 to 500 and sekkéon
monitoring (SIM) according to Table 1. The oven pemature was programmed as Follows : 60°C (2 min)
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20°C/min to 150°C hold for 0 min, 10°C/min to 200h8Id for 10min, 10 °C/min to 260°C and hold for dn
(figure 1). . This plant extracted with hydrodistilon method to obtain an essential oil, which wabsequently
used to study the corrosion inhibition propertiesid steel in polluted hydrochloric acid solutin

Refrigerant

Dean Stark
ya Essential oils
M water
Reducer

Hound Bottom Flask (21)

Plant matenal and water

Flask heater

Stand

Figure.l. hydrodigtillation using a Clevenger type-appar atus

2.2. Preparation of specimen and method:

2.2.1. Gravimetric method

Prior to all measurements, the steel samples @.®3 0.38 % Si; 0.01 % Al; 0.05 % Mn; 0.21 % C;0% S and the
remainder iron) were ground with different emerp@aup to 1000 grade, washed thoroughly with Llbkst water
degreased and dried with acetone.

The aggressive solution (LN HCI) was prepared Hytidh of analytical grade 37% HCI with bidistilledater.
Gravimetric measurements were carried out in a ldowblled glass cell equipped with a thermostatiiogacondenser.
The solution volume was 100 énThe steel specimens used had a rectangular bom(x 2 cm x 0.05 cm).

2.2.2. Polarisation and impedance spectroscopy measents

The EIS is a method designed to avoid severe det¢ion of the exposed surface of the structurdistband was
widely used for monitoring the corrosion of a wardielectrode. This method consists of applyingdesgies and
low amplitude sinusoidal voltage wave to produceysbation signals on the working electrode. The@sion state
can be predicted by analyzing the current respaifsine voltage or the frequencies. In modern pcactihe
impedance is usually measured with loch-in ampifier frequency-response analyzers, which arerfasteg more
convenient than impedance bridges’.

The electrolysis cell was Pyrex of cylinder closggdcap containing five openings. Three of them wesed for the
electrodes. The working electrode was mild steghwhe surface area of 1 énBefore each experiment, the
electrode was polished using emery paper until #@de. After this, the electrode was cleaned sdin&cally with
distillate water. A saturated calomel electrode Ep@as used as a reference. All potentials werergiwith
reference to this electrode. The counter electroaea platinum plate of surface area of £.chine temperature was
thermostatically controlled at 2981 K. The working electrode was immersed in testit& during 30 minutes
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until a steady state open circuit potential.fEwas obtained. The polarization curve was recotdegolarization
from -800 mV to 100 mV under potentiodynamic codis corresponding to 0.5mV/s (sweep rate) and maule
atmosphere.

The potentiodynamic measurements were carried simguVoltaLab100 electrochemical analyser, whichs wa
controlled by a personal computer. AC-impedancdistualso were carried out in a three electrodeassiembly.
The data were analysed using Voltamaster 4.0 softwide electrochemical impedance spectra (EIS§ wgquared
in the frequency range 10 kHz to 1NHz at the fregasion potential. The charge transfer resistaiiRze) and
double layer capacitance {{Cwere determined from Nyquist plots

RESULTSAND DISCUSSION

3.1. Characterization and chemical composition of essahbils

Gas chromatography (GC) is undoubtedly one of tleg techniques used for screening / identification /
guantification of many groups of non-polar and/emspolar food toxicants (or their GC amenable \dsdisation
products). The high attainable separation powetefg@l number of theoretical plates) in combinatiith a wide
range of the detectors employing various detegpionciples to which it can be coupled makes GCrapartant,
often irreplaceable tool in the analysis of (ultraje levels of toxic food components that may odausuch
complex matrices as foods and feeds. In practieentethods used for analyses of organic compousitisypically
consist of basic steps as shown in Figure 1: @)atoon from a representative sample (extracticep)st (ii)
separation from bulk co-extracted matrix componefdigean-up step); (iii) identification and quartdtion
(determinative step). The last step is often optilgrfollowed by (iv) confirmation of results fige® .

EXTRACTION

CLEAN-UP

—> Sample
introduction

» Split

* Classical splitless
* Pulsed splitless
* Cold on-column
* PTV

* DSI/DMI

* SPME

] Separaﬁon * Conventional GC
*+ Fast GC

* Multidimensional GC

DETERMINATION (heart cut, GCxGC)
> Detection * Conventional detectors
(ECD, NPD, FID, FPD)

* Mass spectrometric detectors
(Q. QqQ, IT, TOF, sector)

—> |dentification/ * Matrix effects
s 5 * Calibration
quantification

CONFIRMATION

Figure 2. Basic stepstypically involved in GC analysis of organic copound, alter native approaches applicable in deter minative step
shown in a greater detail

Analysis of the essential oil dfistacia lentiscugrom saidia Morocco was carried out using gas clatography
(GC) and gas chromatography-mass spectral (GC-NIBg. oil was dominated by monoterpene hydrocarbons
(44.99%) followed by oxygenated monoterpenes (¥8)6&nd Sesquiterpene hydrocarbons (16.59%) . 18
constituents were reported amounting to 75.24%heftotal oil (Table 1) and figure 3. Among thermdinene
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(18.92%), a-pinene (13.94%)B- caryo phyllene (6.93%) and terpinen-4-ol (5.57%gre identified as major
components of essential oil Bfstacia lentiscusrom Saidia Morocco.

16eall
T4ali
12407

lesl?
0000
£000000

9]
1815 15.:-]ﬂ‘u

A

"
A \l‘l nl“‘ ad I\\:\

Figure 3. Pistacia lentiscus oil Specter

Table 1. Chromatogram of the essential il of the leaves of Pistacia .lentiscus, from Saidia M or occo

Compounds
Monoterpene hydrocarborjs Rt (mip)  Aire(%o)
Tricyclene - -
a-pinene 9.17 13.94
Camphene 9.49 3.10
Sabinene 10.06 0.87
B-pinene 10.11 4.45
Myrcene 10.43 1.68
a-phelandrene - -
a-terpinene 10.93 0.81
p-cymene 11.09 1.22
Limonene 11.18 18.92
a-thijane - -
Totals 44.99%
Monoterpene oxygénés Rt (mip)  Aire(%)
Linolol 12.45 0.41
Nonane - -
Endoborneol 13.60 0.49
a-terpineol 13.98 6.78
terpinen-4-ol 13.78 5.57
Carvone - -
Camphor - -
1-3-carene - -
Totals 13.66%
Sesquiterpene hydrocarbops Rt (m|n) Aire($o)
Gurjunene - -
B-caryophyllene 17.33 6.93
a-cubebene - -
B-cubebene - -
a-humulene - -
Muurolene 18.31 1.49
gamma-cadinene 20.03, 2.68
delta-cadinene 18.59 2.65
germacrene-D 17.44 1.65
a-copaene 20.07 0.78
a-cadinene - -
Total 16.59%
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3.2. Effect of inhibitor concentration

The weight loss measurements, simplest, way of unggsthe corrosion rate of a metal is to expogesample to
the test medium (e.g. sea water) and measure shefaveight of the material as a function of tirAkhough these
tests are simple, there is no simple way to extedpcthe results to predict the lifetime of theteys under
investigation. Moreover, some corrosion processesiowith no significant mass change (e.g. pittimgrosion)
making them difficult to detect by gravimetric metls. Weight loss measurements were carried outdoudble
walled glass cell equipped with a thermostat-captiondenser. The solution volume was 100mL with &itdout
the addition of different concentrations of inhis& ranging from 0.001 to 1 g/L. The immersion tifoethe weight
loss was 6 h at 298 K. After the corrosion test $pecimens of steel were carefully washed in dodlstilled
water, dried and then weighed. The rinse removeddsegments of the film of the corroded samplegliBate
experiments were performed in each case and the wedae of the weight loss is reported using anyaical
balance (precision + 0.1 mg). Weight loss allowsdaicalculate the mean corrosion rate as expréssad.cn¥ h
! Inhibition efficiency (E, %) is calculated as follows:

E, =100x (1—W—j o

corr

W,orr and W, are the corrosion rates of steel in the presendeabsence of the organic compounds, respectively.
The values of corrosion rate (MY and the corresponding inhibition efficiency (Evy &6 different concentrations of
oil and extract oPistacia lentiscusare given in Table 2.

Table 2: Gravimetric results of steel/HClat various concentrations of oil and extract of Pistacia lentiscusat 298K at 6h

Pistacia lentiscus I nhibitor (g?L) (mg\llgrﬁé h) (EVEo) ]
1M HCI - 0.82 --- -
1 0.03 96.34| 0.96
0.5 0.06 92.68 0.93
Oil 0.1 0.09 89.02 0.89
0.05 0.11 86.59 0.87
0.01 0.14 82.93 0.8
0.001 0.17 79.27 0.79
1 0.11 86.59| 0.87
0.5 0.15 81.71 0.87
Extract 0.1 0.23 71.95 0.7%
0.05 0.32 60.98 0.61
0.01 0.39 52.44 0.52
0.001 0.43 47.59 0.48

Table 1 showed also that the maximum values ofrthigition efficiency (Ecorr) are 96.34%, a88.59% at 1g/L,

respectively for oil and extract &fistacia lentiscuswhich indicates that oil and extract®istacia lentiscuscts as
a good inhibitors for steel in 1M HCI. This behawids due to the fact that the adsorption coverdgahibitors on
metal surface increases with the inhibitor con@gitns resulting in the blocking of the reactiomtesj and
protection of the mild steel surface from the d&tatthe corrosion active ions in the acid medidrhis adsorption
is influenced by the nature and surface charge tdilirtbe type of aggressive electrolyte and thergbal structure
of oil and extract ofistacia lentiscusThe major components structure for essential oiPistacia lentiscusdy

spectral analysis (GC-MS), was show in figure4.

H H
OH
H H
limonene a-pinene B- caryo phyllene ter pinen-4-ol

Figure 4: major component structuresfor essential oil by spectral analysis(GC-MS),

3.1.1. Potentiodynamic Polarization Study
As mentioned in the previous application notes,trmogosion phenomena are of electrochemical natndeconsist
of reactions on the surface of the corroding metdierefore electrochemical tests methods can bd tse
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characterise corrosion mechanisms and predict siomorates. The effect of organic oil concentratmm the
potentiodynamic anodic and cathodic polarizatiorves of mild steel has been studied in 1M conegdedHCI
solution.. For electrochemical measurements, thébition efficiency is calculated by using corrasi@urrent
density as follow$:

ICOI’I’ j
i Ocorr
icor @and %, are the corrosion current density valuehwénd without inhibitor, respectively, determirigy
extrapolation of cathodic Tafel lines to the coiwospotential. Electrochemical parameters suchoaosion current
density (Icorr), corrosion potential (Ecorr), Tafdbpe constants calculated from Tafel pldis dnd R) and the
inhibition efficiency (E %) are given in figure 5 6. The Potentiodynamic polarization parametadsiahibition
efficiency are presented in Table 3. It is obvifresn the Fig.5 and 6, that in the presence of iévitor the curves
are shifted towards lower current regions, showtimg inhibition tendency of inhibitor that the cadliw current
potentiel curves gave rise to parallel Tafel linekjch indicate that the hydrogen evolution reatti® activation
controlled and that the addition of the oil andrast of Pistacia lentiscugloes not modify the mechanism of this
process. Fig.5 and 6, also reveals that the presgfritie inhibitor affects the anodic dissolutidmold steel as well
as the cathodic reduction of hydrogen iong,Xland increases the inhibition efficiency of oilganic extracted.
Both the anodic and cathodic tafel slopes, nameinB 3 respectively are varying from the blank valuesdating
the mixed mode of inhibition.

E,, =100x (1— L

E% increases with inhibitor concentration to at@imaximum value of 93.50%, aB8d.50% at 1g/L, respectively
for oil and extract oPistacia lentiscuswhich indicates that oil and extract acts as @dgahibitors for steel in 1M
HCI. Therefore, it could be concluded that orgasilcadsorbs onto both anodic and cathodic siteth@fmild steel
surface. The electrochemical processes on the metizice are likely to be closely related to theoagtion of the
inhibitor, and the adsorption is known to dependtlo® chemical structure of the inhibitor. In hydntaric acid

solution the following mechanism is proposed foe torrosion of iron and steel. According to thiscimanism

cathodic dissolution of iron is

Figure5. Polarisation curves of mild steel in concentrated HCI at

different concentrations of Pistacia lentiscusoil
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Table 3. Electrochemical parametersof mild steel in 1M HCI in the presence of different concentrations of organic oil and extract of

(P.L) at 298 K
H C Ecorr Icorr ‘ﬁc ﬁa E
Inhibitor @D | mv) | uarem?) (%) 0
1M HCI - -455 600 173 113 -- --
1 -475 39 134 87| 93.50 0.93
0.5 -455 88 155 80| 85338 0.85
Oll 0.1 -464 109 155 86/ 8183 0.82
0.05 | -454 132 131 84 78.00 0.78
0.01 -463 183 133 94 69.50 0.69
0.001| -456 199 140 89 66.83 0.67
1 -487 93 151) 81| 8450 0.84
0.5 -479 135 148§ 107 77.50 0.7
Extract natural| 0.1 -482 174 140 620 7100 0.1
0.05 -457 203 144 10% 66.147 0.66
0.01 | -460 269 134 68 55.17 0.55
0.001| -467 307 15§ 80 48.83 049

3.1.2. Electrochemical impedance spectroscopy

Electrochemical impedance spectroscopy is a teoknifpat determines a numerical value for the degfee
corrosion protection provided by a coating to aahstibstrate. This numerical value is called theddance of the
coating and is defined as the ability of the cagtimresist or oppose corrosion through a comhinati’ barrier and
adhesive properties. The more the coating protihetsunderlying metal, the higher the impedance azaMore
information about the metal/acidic solution chaeaistics is possible by using electrochemical ingrexd
spectroscopy (EIS). Impedance measurements proviolenation on both the resistive and capacitivhaseour of
the interface and makes possible to evaluate tHferpgance of the studied inhibitors. Before eacB Ekperiments,
as done with Tafel experiments, the electrode Wawad to corrode freely for an hour to obtain easty-state open
circuit potential, corresponding to the corrosianemtial,E.,,, of the working electrode. EIS diagrams of mildedt
were plotted in concentrated hydrochloric acidiltigon in the presence of organic oil and extrddffoL) at 298 K.
The impedance is then represented as a complexardmb

E . .
Z(@) == Zoexp((j) = Z,(cosp+ jsing) ®)

The expression for 4() is composed of a real and an imaginary partéfreal part is plotted on the Z axis and the
imaginary part on the Y axis of a chart, we getNgduist plot". Fig. 7 and 8 shows Nyquist plots abed in
uninhibited and inhibited acidic solutions at diffat concentrations of organic oil and extract BfLj. The
parameters deduced are grouped in Table 4. Cheagsfér resistance values(RRnd double layer capacitance

values (G) have been obtained from impedance measurememtssasibed previously. The following relation is
used to calculate E (%):

_ ( R%; j
E% =100x|1- (6)
R,

WhereR; and R* are the charge-transfer resistance values withvatidbut inhibitor, respectively. The values of
the double-layer capacitive associated with the land the frequency at which the imaginary compboérhe
impedance is maximal (-Zmax) are calculated froenr#ation:

C, =1/207CF R %

where Ris the diameter of the loop afighy is the value of the frequency. Examination of Eablreveals that, more
and more the oil and extract of (P.L) concentratimreases, Rrises to higher values showing that (P.L) inhibit
corrosion reaction. The decrease gfi€ interpreted by the adsorption of inhibitor nlkes on the metal surface.
The results obtained from the polarization techaigu concentrated hydrochloric acidic solution waregood
agreement with those obtained from the electrocba&iminpedance spectroscopy (EIS) with a small tiana The
Nyquist diagram (Fig. 7 and 8) show that in theealog® as well as presence inhibitor of all concéptrecan be
seen that the plots exhibit depressed a singlecéeiri with only one capacitive loop in the entirequency range.
The adsorption is a result of electrostatitraation between charged metal surface andrgeld species in
the bulk of the solution. Positively chargg@cies can also protect the positive.
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Figure 8. Nyquist diagramsfor mild steel in 1M HClcontaining different concentrations of Pistacia lentiscus extract

Table 4. Impedance parameters of steel in 1M HCI in the absence and presence of different concentrations of Pistacia lentiscus oil and

extractat 298 K

L C F C E
Inhibitor (9/L) R Ry (Htz) | utren? | (%)
1M HCI - 1457| 1.37| 54.64 200 -- --
1 164 | 2.27| 15.60 6229 91.12 091
0.5 123 | 2.39] 19.94 64.93 88.15 0.88
Qil 0.1 80 1.72| 26.3Q0 75.67 81.79 0.82
0.05 71 2.12| 29.09 77.13 79.48 0.89
0.01 65 2.52| 31.09 78.8( 77.58 0.8
0.001 59 2.33 31.8¢ 84.64 75.31 0.5
1 114 | 1.35| 25.4Q 55 87.21 0.7
0.5 80 2.78| 37.04 53.73 80.82 0.81
Extract natural| 0.1 60 1.56| 39.1(¢ 67.84 75.11 0.6
0.05 55 1.55] 40.21 72 73.590 0.73
0.01 42 1.49| 42.14 89.96 65.30 0.65
0.001 28 1.7| 49.45 115 47.96 0.48

This transfer function is applicable for homogerea@ystems with one time constant when the centréthef
semicircle lies on the abscissa of real part. lev&ent that it cannot describe the observed dspme of the
capacitive loop and it is necessary to replace#pacitor by some element taking into account feeqy dispersion
like the Constant Phase Eleme@PE). This element is a generalised tool, which cdleceexponential distribution
of the parameters of the electrochemical reactelated to energetic barrier at charge and massfaanSuch
phenomena often correspond to surface heterogewbigh may be the result of surface roughnessoctgions,
distribution of the active sites or adsorption whibitors. In order to fit and analyze the EIS dale equivalent

circuit shown in Fig. 9 is selected’
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CFPE
Y. |
M —_— —
Ra | mm_
Eet

Figure9. Suggested equivalent circuit model of theinterface mild steel/1 M HCI with and without the studied oil inhibitors

3.3. Adsorption isotherm

The dependence of the fraction of the surface emM@iobtained by the ratio E%/100 as function of thabitors
concentration (fz) was graphically fitted for various adsorptiontlserms. The adsorption isotherm can be
determined if the inhibitor effect is due mainly ttee adsorption on metallic surface (i.e. to itecking). The
adsorption isotherm type can provide additionabiinfation about the tested compounds properties.ffEietional
coverage surfac#) can be easily determined from ac impedance, Tefiarization or the linear polarization by the
ratio IE%/10Q In the present study, the inhibiting efficiensyévaluated from impedance measurements. If one
assumes that the values I&,,% do no differ substantially from as shown in Table 2, 3 and 4 form different
methods. The adsorption isotherms models consideeee as described in reference [57-59]:

Temkin isotherm exp (f9) = Kags Cinn
(8)
6
Frumkin isotherm n exp210) = KadsCinh
)
Freundlich isotherm 8 = K 4s Gin
(12)

WhereK,gsis the equilibrium constant of the adsorption psxCi,;, is the inhibitor concentration arfids the factor
of energetic in homogeneity. According to the Langis isotherm, the surface coverad® is related to inhibitor
concentration (C) by the following equation, whétg;s is the equilibrium constant of the inhibitor adstion
process:

Con- 1 4 (13)

@ Kads
As seen from Figure. 10 and 11, the plot g§/@versus G, yields a straight line with a correlation coeféist more
than 0.9998, showing that the adsorption of theébitors in acidic solutions is fitted to Langmuw@dsorption
isotherm. These results show that the inhibitionnofd steel in HCI solutions by new synthesis coone
derivatives is an adsorptive process equation.hs iBotherm assumes that the adsorbed molecutrgpponly
one site and there are no interactions betweeradiserbed species. Thegdvalues can be calculated from the
intercept lines on the @axis. This value is also related to the standeed £nergy of adsorptiodG .49, by the
following equation (14), where;f; is the inhibitor concentration,§is the adsorption equilibrium constaf s
is the standard free energy of adsorption, 55hdsconcentration of water in the solution in maiY R is the
universal gas constant and T is the absolute teatyrerin Kelvin:

AG.,. = —-RTLN55.5K,) (14)

The values of Kads aniiG’,4s for Pistacia lentiscus oil and extraate given in Table 5.
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Figure 10. Langmuir isotherm of steel in the 1M HCI in presence of oil at calculated by various method
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Figure11. Langmuir isotherm of steel in the IM HCI in presence of extract at calculated by various method

The standard free energy of adsorptig®’.4s which can characterize the interaction of adsompiolecules and
metal surface, was calculated. The large negatilaes ofAG’, ads ensure the spontaneity of the adsorption
process and the stability of the adsorbed layethenmild steel surface as well as a strong intemadbetween
different organic molecules forming the essentibhwlecules and the metal surface.

Table5. Equilibrium constant and free ener gy of adsor ption valuesin presence of the studied Pistacia lentiscus oil and extraéh 1 M HCI
on mild steel different methods

M easur ements Inhibitor Slope L ﬁgsl_l kﬂ ardrfl'l Linear coefficient regression (r)
Weightloss Oil 1.03952| 175.13 - 23.50 0.99983
Extract 1.1496 60.31 - 20.77 0.99953
Potentiodynamic Polarization Oil 1076021 85.25 - 21.66 0.99901
Extract 1.18631| 63.37 - 20.90 0.99911
Electrochemical impedance spectrosco JyO” 1.09685| 142.25 - 22.9 0.99985
Extract 1.1508 84.10 - 21.63 0.99932

Generally, values oAG%gsup to -20 kJ mal, the types of adsorption was regarded as physieargihe inhibition
acted due to the electrostatic interactions betwbencharged molecules and the charged metal, whélevalues
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around -40 kJ mdi or smaller were associated with chemisorptiona assult of sharing or transfer of electrons
from organic molecules to the metal surface to farooordinate type of bond (chemisorptions).

Here, the calculatedG’qs values are ranging between 20.66 and 23.50 kJ,nmdicating that the adsorption
mechanism oPistacia lentiscus oil and extracn mild steel in 1 M HCI solution at the studiednfeerature is
physisorption (molecular). Moreover, the adsorptipmocess depends on the electronic characterisficthe
inhibitor, the nature of metal surface, temperatsteric effects and the varying degrees of surfdteeactivity. In
fact, the solvent FO molecules could also be adsorbed at the metatisolinterface. Therefore, the adsorption of
inhibitor molecules from the aqueous solution can donsidered as a quasi-substitution process betiree
inhibitor in the aqueous phabeh(sol) and water molecules at the electrode sutfg€Hads) [56,59,62-63]:

(z0 (ads
where x is the size ratio, that is, the number afew molecules re-placed by one organic inhibitdis is possible
in case of positive as well as negative chargethesurface. The presence of a transition metaingavzacant, low-

energy electron orbital, and an inhibitor moleduéering relatively loosed bound electrons or hetenmawith lone-

pair electrons facilitates this adsorption [29]. tBa other hand, all different organic moleculasring the essential
oil; which possess oxygen atoms and lone-pair electoamsaccept a proton, leading to the cationic forffhese
species can absorb on the metal surface becaws&adtive forces between the negatively chargethinaad the
positively inhibitors.

CONCLUSION

The principle finding of the present work couldsaenmarised as follows:

= The inhibition efficiency increases with increasingibitor concentrations to attain a maximum vabi®©6.34 %
and 86.59% at 1g/L for oil and extract respectively

= Measurements had shown that the Pistacia lentsitasid extract acted predominantly as a mixedbidi type
for the corrosion of steel in 1M HCI without modifig the mechanism of hydrogen evolution reaction.

= The transfer resistance of the system increased tiigeinhibitor was added to the solution.

= The adsorption of thRistacia lentiscusil and extract on the steel surface in molar bgttoric acid according to
the Langmuir isotherm

= Weight loss, electrochemical and EIS measuremeets im good agreement.
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