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ABSTRACT

The composition of the essential oil isolated frima aerial parts of Thymus pallidus an endemic plfram
Morocco was investigated by GC and GC/MS. The bil opallidus was found to be rich in monoterpenes
hydrocarbons, with borneol (36.6%) being the maomponent. The effect of Thymus pallidus esseuitiaktract

as a corrosion inhibitor on the corrosion rate of®on Steel (CS) in hydrochlorid acid environmerdsw
investigated using gravimetric method potentiodyicanpolarizations and electrochemical impedance
spectroscopy (EIS) methods. The corrosion rategwardied in different concentrations of T. palbchil at 298

K. The results revealed that T. pallidus oil in dcénvironment decreased the corrosion rate at vegio
concentrations considered. The maximum inhibitifficiency of 88.65 % was achieved with 1.0 g/l Imtar
concentration at 298K. Polarization measurementsashlso that T. pallidus oil act as good mixed bitar. The
results demonstrated that T. pallidus oil adsorbed the surface of carbon steel and obeyed Langmuir
adsorption isotherm.
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INTRODUCTION

Corrosion is due to an electrochemical or chendctibn of the environment on metals and alloyssTiais important
implications in various fields, especially in inthiess. Replacement of corroded parts, accidentspaiidtion risks are
frequent events which sometimes have severe econmpacts. The use of inhibitors is a practicahtégue to secure
metals and alloys from aggressive environment. d.aigmbers of organic compounds revealed that Nnds @

containing organic compounds may be efficient ibib. However, these products are generally obthlry chemical
synthesis and therefore have a negative impadteoartvironment. This has led many researchers éutbenworld to use
new non-polluting natural molecules to the envirentnOtherwise; most of these compounds are ngtexplensive, but
also toxic to living beings. It is needless to padut the importance of cheap and safe inhibitdrsasrosion. So,
considerable efforts are made to find alternativeirenmentally ecofriendly acid corrosion inhibisoready available
and of relatively low cost. Literature shows awvgrg trend in the use of natural products knownnasa-toxic

compounds, called also green inhibitors, as camogihibitors. In addition, several studies haverbenade to study
the inhibitory effect of various natural substan@gminst the corrosion of materials, particulamythe steel

industry: extract Khillah [1], Thymelia hursuta Hfd], opuntia extract [3], Artemisia [4-6], BladRepper Extract
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[7], Eugenol and Acetyleugenol [8], Ginger [9], Lomene [10], Argania plant extract [11] and. Natyrknts are
added as extract, oil of natural plants are thgestitof various contributions: Prickly pear seell itract [12],
Menthols [13], Rosemary oil [14-16], oil of L. argiifiolia Lavender [17], essential oil of cedar [18hymusoil [19-
20], oil of wormwood [21-23], Lavender oil [24], @momile oil [25], Jojoba oil [26]; Pennyroyal Mioil [27],
Argan oil [28], Argania spinosa Kernels Extract and Cosmetic Odl],[2ucalyptus oil [30,31] and thymus oil
[32],Verbena Essential Oils[33]. The aim of thisidst was to determine the chimecal compositionTbfmus
pallidus essencial oil extract in Morocco, and to study ithi@bitive action ofT. pallidusas a eco friendly and
naturally occurring substance on corrosion behavimfuCarbon steel in 1M HCI by gravimetric measuseis
method and electrochemical techniques such as tmgnamic polarisation, linear polarisation and
electrochemical impedance spectroscopy (EIS).

MATERIALS AND METHODS

2.1.Plant collection and essential oil isolation

The plant was collected in the region of Agadir,rbtxo. It was taxonomically identified at the Nait#b Scientific
Institute of Rabat (Department of Plant Biologybbaatory of Botany). The plant aerial parts usedefssential oil
isolation were separately air-dried and ground.ni-rthe powder a sample of 200 g was subjected terwat
distillation for 2h using a Clevenger-type appasatacommended by the French Pharmacopoeia (1).yiEle
(w/w) obtained was 3.50. The oil was analyzed usindewlett-Pac T. kard 5972 MS, fitted with a HP6&eries
Il GC and controlled by a G1034C Chemstation. Aglenof 1L was injected under the following conalits: DB-
1 fused silica capillary column (20 m x 0.20 mnipfithickness 0.2 um); carrier gas helium (0.6 mio)minjector
temperature 250 °C; column temperature 50°-250°€ @tmin; MS electronic impact 70 eV. The identfion of
the compounds was achieved by comparing retenitioestand mass spectra with those of the publisteadiards
[34-36]. A part of the oil after extractiomas used for tests of anti-corrosion activity.

2.2. Corrosive solution

The solution 1.0 M HCI was prepared by dilution aaincentrated HCI (37%) with double distilled wat&éhe
solution tests are freshly prepared before eacleraxpnt by adding the oil directly to the corrosa@ution. The
environment is not deaerated.

2.3. Weight loss measurements

Coupons were cut into 2 x 2 x 0.08 tmimensions are used for weight loss measuremérier to all
measurements, the exposed area was mechanicadiglembwith 180, 320, 800, 1200 grades of emery gafdre
specimens were washed thoroughly with bidistilledter, degreased and dried with ethanol. Gravimetric
measurements are carried out in a double wallessgtall equipped with a thermostated cooling coseenThe
solution volume is 80 mL. The immersion time foe theight loss is 6 h at 298 K.

2.4. Polarization measurements

2.4.1.Electrochemical impedance spectroscopy (EIS)

The electrochemical measurements were carried singWolta lab (PGZ 100) potentiostate and corgwlby
software model (Voltamaster 4) at under static dwrd The corrosion cell used had three electrodiae reference
electrode was a saturated calomel electrode (SE&H)latinum electrode was used as auxiliary elearothe
working electrode was carbon steel. All potentgilgen in this study were referred to this refereatztrode. The
working electrode was immersed in test solution 30rminutes to a establish steady state open tipatential
(Eocp). After measuring the Eocp, the electrochamimeasurements were performed. All electrochentiests
have been performed in aerated solutions at 298h€. EIS experiments were conducted in the frequeange
with high limit of 100 kHz and different low limi00.1 Hz at open circuit potential, with 10 pointsr plecade, at the
rest potential, after 30 min of acid immersion,dpplying 10 mV ac voltage peak-to-peak. Nyquistpleere made
from these experiments. The best semicircle cdfit berough the data points in the Nyquist plotngsa non-linear
least square fit so as to give the intersectionl thie x-axis.

2.4.2. Potentiodynamigolarization

The electrochemical behaviour of carbon steel sanmpinhibited and uninhibited solution was studigdrecording
anodic and cathodic potentiodynamic polarizatiorves. Measurements were performed in the 1.0 M $dQltion
containing different concentrations of the testelihitor by changing the electrode potential auttcadly from -
800 mV to -200 mV versus corrosion potential atansrate of 1 mV.§ The linear Tafel segments of anodic and
cathodic curves were extrapolated to corrosionmii@eto obtain corrosion current densities (Icorr)
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RESULTS AND DISCUSSION

3.1. Analyzing the chemical composition of the esstial oil

The results of GC/MS analyses of hydro-distillaess$ential oil ofThymus pallidusallowed the identification of 25
different components in the oil, representing @83 of the compounds in the oil (Table 1). Accordiaghe analysis
results, borneol was the most abundant componeheddil (36.6 %). Other main components of theangite camphre
(18.9%),a-terpineol (10%), camphene (6.3%}erpinene (4.1%) ar@-caryophyllene (3.2%).

Table 1: Chemical composition (%) of therhymus pallidus essential oil extract.

Compound Kl | T. pallidus essential oil (%)
Tricyclene 926 0.4
a-pinene 939 24
B-pinene 980 0.8
Camphene 983 6.3
Myrcene 991 0.6
1,8-cineole 1032 0.9
y-terpinene 1062 4.1
allo-ocimene 1088 04
Camphre 1143 18.9
Borneol 1165 36.6
Terpinen-4-ol 1175 2.9
a-terpineol 1189 10.0
Bornyl acetate 1284 2.0
Thymol 1290 1.3
Carvacrol 1298 0.9
[-caryophyllene 1418 3.2
Germacrene D 148% 1.0
Bicyclogermacrene 1500 0.3
y-cadinene 1513 0.4
&-cadinene 1523 0.3
Spathulenol 15772 04
Caryophyllene oxyde 1588 0.9
a-muurolol 1646 0.7
a-cadinol 1650 0.4
o-humulene 1709 0.2
Total monoterpenes 88.5
Total sesquiterpenes 7.8
Total of identified componds 96.3
Yield 35

KI: Kovats indices

1.1. Electrochemical impedance spectroscopy measuremeniES)

The corrosion behavior of steel 1.0M HCI solutioittmvand withoutT. pallidusessential oil is also investigated by
the electrochemical impedance spectroscopy (EI398K after 30min of immersion. The charge transésistance
(Rey) values are calculated by subtracting the highueacy intersection from the low frequency intetisec[37].
Values of the charge transfer resistanceviRre obtained from these plots by determining diference in the
values of impedance at low and high frequencieg [38

Double layer capacitancey@alues were obtained at maximum frequengy,Xf at which the imaginary component
of the Nyquist plot is maximum and calculated usgimg following equation:

onf R @)

With Cg4: Double layer capacitance (UF.@MNfna maximum frequency (Hz) and4RCharge transfer resistance

(Q.Cn?).

408
www.scholarsresearchlibrary.com



R. Salghiet al Der Pharma Chemica, 2014, 6 (4):406-414

140
1 = 1.00g/
120 ° @ 0509/
] 0.25 g/l
100 | v 0.10g/l
« 0.05 gl
g 8 i 4 Blank
g 80
<
A=)
Né 60 - - - .
[ |
) |
40 ] 52 . o u
9 v vy v ® |
o ]
20 4 & v v * ) ‘
. Z'L ) L
0 ‘h T T T L B B
0 20 40 60 80 100 120 140 160 180
Z (ohm.cm?

Figure 1. Nyquist plots for the corrosion of Carbonsteel in 1.0 M HCI containing different concentraions of Thymuspallidus oil extract at
298K.

Impedance diagrams are obtained for frequency raf§eKHz—-10 mHz at the open circuit potential faarkon
steel in 1.0 M HCI in the presence and absenck. ghllidusessential oil extract. Nyquist plots for carboaestin
acid medium at various concentrationsTopallidusoil extract is presented in Fig.1. Table 2 givakies of charge
transfer resistanceRdouble layer capacitance Cdl, and fmax derivechfiNyquist plots and inhibition efficiency,
the inhibition efficiency got from the charge trarsfesistance is calculated by the following ecurati

Rlct B Rct

E.. % = x100 )

Rct
ct

Where R, and Ry are the charge transfer resistance values withreditwith inhibitor, respectively.

Generally, Fig.1 showed that the impedance speetraal a similar semicircle shape of the curvls, ghape is
maintained throughout the whole concentration, datihg that almost no change in the corrosion meEsha

occurred due to the inhibit or addition of inhibi{89] and the diameters of semicircles increasiis thie inhibitor

concentration. The obtained impedance diagrams seonw-circular appearance that can be attributébe charge
transfer that takes place at electrode/solutioariate and the transfer process controls the dorragaction of
carbon steel and the presence of inhib itor do¢simange the mechanism of dissolution of steel f4Q,1t is also

clear that these impedance diagrams consists ofange capacitive loop and they are not perfecticertes and

Deviations of perfect circular shape are oftenredfd to the frequency dispersion of interfacial éaignce. This
anomalous phenomen on is interpreted by the inhemeity of the electrode surface arising from swfaaughness
or interfacial phenomena [42, 43].

Table 2. Electrochemical Impedance parameters forarrosion of steel in acid medium at various contemstof Thymus pallidus oil extract.

Inhibitors (g/) | Ri(kQ.cm?) | fmax(Hz) | Ca(uFicn?) | Err (%)
0.00 18 40 221.16 -
1.00 160 40 24.88 88.75
0.50 132 63 19.15 86.36
0.25 116 75 18.30 84.48
0.10 101 90 17.52 82.18
0.05 92 100 17.31 80.43

From the inspecting of Table 2 data, we noticerameiase of the polarization resistance dd decrease of the
double layer capacitancey@vith increasing inhibitor concentration indicatatT. pallidusoil extract inhibits the
corrosion rate of mild steel by an adsorption medra [44]. The efficiency reaches 88.75% at 1g/L .Values of
double layer capacitance are also brought dowheartaximum extent in the presence of the inhibttee,decrease
being more effective with rise of concentrationd @ne decrease in the values gf Bllow the order similar to that
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obtained for the ., studies. The decrease iR @ due to the adsorption of this compound on tlgaimsurface
leading to the formation of a surface film in thadéc solution[45].

The results obtained from the polarization techién acidic solution were in good agreement whibsé obtained
from the electrochemical impedance spectroscopy)(&Ith a small variation.

1.2. Polarization curves

The Tafel curves of Carbon steel both in presemzkabsence of various concentrations of the esbeiitiof T.
pallidus in 1 M HCI were shown in Fig. 2. The electrochemhiparameters such as corrosion potentig),E
corrosion current density,l, inhibition efficiency & (%) and tafel constants bc obtained from cathodivesiwere
listed in Table 3. From the results inhibitor predantly inhibits cathodic reaction.

N

—a— Blank

— 1E-4
5 E —e—1.00 g/l
L ] 0.50 g/l
165 - —v—0.25 g/l
] 0.10 g/l

—<¢— (.50 g/

T T T T T T T T T T T T T
-0.8 -0.7 -0.6 -0.5 -0.4 -0.3 -0.2

E(V/SCE)

Figure 2. Polarization curves of Carbon steel in 0.M HCI in the presence of differents concentratiorof Thymus pallidus essential oil at 298K of
the corrosive medium.

It was observed that the current density increadedg with the inhibitor concentration indicatirtgetincrease in
corrosion rate. As seen from Fig. 2, the inhibffiects both anodic and cathodic reactions. Theotht effect is

then dominant against the anodic one. In the dihad in the anodic domain, a slight decrease ofliar@urrent is

observed in the presence of natural product. Wearkeralso that cathodic current potential curvesgige to

parallel Tafel lines indicating that the hydrogemletion reaction is activation controlled and tdition of the

inhibitor studied does not modify the mechanisnthidg process [45]. The observed inhibitory actiérm opallidus

essential oil may be due to the adsorption of itdecules on the metal surface, making a barrietteraccess of
hydrogen ions, and then their reduction on theatithsites of the steel surface [47].

Table 3. Electrochemical parameters of C-steel atavious concentrationsThymus pallidus oil extract in 1M HCI and corresponding
inhibition efficiency.

Inhibitors (/) | -E con(MV/SCE) | leor(UA/CM?) | -b. (mV/dec) | E (%)
0.00 465 588 168 -
1.00 492 71 198 87.92
0.50 493 83 190 85.89
0.25 494 107 179 81.8(
0.10 492 123 194 79.09
0.05 485 165 166 71.94

The percentage inhibition efficiency valugé’), were calculated using equation:
E % = leon = Veon x 100 3)
I

corr
where Lo, and I, are current density in absence and presende péllidusessential oil extract respectively. We
noted that |, and I’y were calculated from the intersection of cath@udid anodic Tafel lines.

The inspection of results in table 1 indicate thapallidusessential oil extradhhibits the corrosion process in
the studied range of concentrations an(4) increases with i§;, reaching its maximum value, 87.92%, at 1.0
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g/l. However, at potentials higher than -240 mV/s, thesence of. pallidusessential oil extract shows no effect on
the anodic curves. This feature of the currentsisoaiated with the development of localized comosiThese
results suggest that the inhibitory action depesmdshe potential of. pallidusessential oil extract and adesorption
process appears at high potential [48]. Thesetsesubgest that this compound acts as a good camrgghibitor
mixed character with a strong predominance of anobaracter [49]. These polarization curves testsevin good
agreement with the corrosion weight loss and impedaneasurements.

1.3. Weight loss measurement and adsorption isotherm

The corrosion rate Wcorr of steel in 1.0M HCI smlntat various contents dthymus pallidusessential oil tested
was determined after 6h of immersion period at 298&lues of corrosion rates and inhibition efficiescare given
Table 4. In the case of the weight loss method,itihébition efficiency E % and surface coveragé) (were
determined by using the following equations:

W, —W
E, %=—">"——"—x100
corr (4)
H:l_m
W corr (5)

Where Wcorr and W’corr are the corrosion rates afodn steel due to the dissolution in 1M HCI in #ifisence and
the presence of definite concentration of inhibit@spectively, and is the degree of surface coverage of the
inhibitor.

Table 4: Weight loss data of carbon steel in 1.0 MCI for various concentration of the Thymus pallidus essential oil.

Inhibitors (g/l) | Wecorr (mg .cm™?.hY) | Ew(%) | 6
0.00 1.1001 --- ---
1.00 0.122 87.81 0.88
0.50 0.143 85.71 0.86
0.25 0.161 83.91 0.84
0.10 0.192 80.82 0.81
0.05 0.211 78.92 0.79

The analysis of these results Table 4 shows clehdy the corrosion rate decreaseg,Wvhile the inhibition
efficiency E,% increases with increasing inhibitor concentrati@aching a maximum value of 87.81% at a
concentration of 1g/l. This behavior can be atteluto the increase of the surface coverednd that due to the
adsorption of ecofriendly compounds on the metehse, as the inhibitor concentration increases.céfeconclude
that Thymus pallidusessential oil is a good ecofriendly corrosion lnitair for steel in 1.0 M HCI solution. Basic
information on the interaction between the inhibitnd the steel surface can be provided by therptiso
isotherm. The adsorption isotherms are very imporfar understanding the mechanism of the elec&ntbal
reactions of metals [50]. Knowledge of the typeamfsorption and the determination of the thermodyoa
parameters characterizing the adsorption oftenshilelucidate the mode of action of these inhibittn order to
obtain the isotherm, the linear relation betweegree of surface coverag®)(values (Table 4) and inhibitor
concentration (Cinh) must be found. The most fretjyeused isotherms are Langmuir, Frumkin and Tenddes
[51]. By far the best fit is obtained with the Langir isotherm. This model has also been used foeranhibitor
systems [52, 53]. According to this isotherm, Citlig related to ¢, by:

f=1.ic ®
e Kads
1 AG
K - exp(- ads 7
ads 555 p( RT ) ( )

Where C is the inhibitor concentratidhthe fraction of the surface covered determineddyO0, k the equilibrium

constant,AG,ys is the standard free energy of adsorption reacti®nis the universal gas constant, T is the
thermodynamic temperature and the value of 55Bei€oncentration of water in the solution in mol/L
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Fig. 3 shows the dependence of the ratié & function of C.

12+ # Thymus pallidus essential oil

C/a (MI)

T T T T T T T T T T T
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Figure 3: plots of Langmuir adsorption isotherm of Thymus pallidus essential oil extract on the steel surface at 298k
The strong correlations R 0.99994 confirm the validity of this approacthelvalues of Kads obtained from the
Langmuir adsorption isotherm are listed in Tabléo§ether with the values of the Gibbs free enarfggdsorption
calculated from the equation:

AG 4s= - RTLN (55.5Kads) (8)

Where R is the universal gas constant, T the théymamic temperature and the value of 55.5 is thme@atration
of water in the solution [54].

Table 6. Thermodynamic parameters for the adsorptia of T. Pallidus oil extract in 1M HCI on the carbon steel at 298K.

Inhibitor Slope| Kgs(M?) | R | AG . (kJ/mol)
T. pallidus oil | 1.13 84.80 0.99 -20.942

The high value of the adsorption equilibrium consta&flects the high adsorption ability of this iioitor on carbon
steel surface. From Eq. (8)Gagswas calculated as -20.94 kJ rtdor Thymus pallidugssential oil. The negative
value of standard free energy of adsorption inégapontaneous adsorption of our molecule on casteeh surface
and also the strong interaction between inhibitotertule and the metal surface [55, 56]. Generdillg, standard
free energy values of -20 kJ mbbr less negative are associated with an electiostéeraction between charged
molecules and charged metal surface (physical ptieny; those of - 40 kJ mdlor more negative involves charge
sharing or transfer from the inhibitor moleculeghie metal surface to form a co-ordinate covalemtdb(chemical

adsorption) [57, 58].The value afG.q4sin our measurement is -20.94 kJ thédr it is suggested that the adsorption
involves the physisorption interactions.

CONCLUSION

We have studied the inhibiting effect ®iymus pallidugssential oil after chracterisation in 1.0 M H@ltbe steel
by using various methods. The results obtainednageod agreement and can be summarized as follows:

[ Chemical analysis shows that the major constisiehiThymus pallidugssential oil were borneol was the most
abundant component of the oil (36.6 %), camphred@3 andu-terpineol (10%).

[0 TheT. pallidusoil provides a good inhibition of corrosion of stén normal hydrochloric acid medium.

[ Weight-loss data showed that the presenck pgllidusoil significantly inhibit the

severe steel corrosion in HCI solutions: this dffacreases with the increase of their concentnatio
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[ Potentiodynamic polarization measurements indit#tat the increased concentrations

of T. pallidusoil affect both anodic and cathodic reactions.

[ EIS measurement results indicated that the resistaf the carbon steel electrode increased greatly its
capacitance decreases by increasing the inhibitocentration.

[0 The inhibition efficiency increases with increas€dymus pallidusessential oil concentration to attain a
maximum value of 88.75 % at 1g/l.

[ Results together are internally consistent wilich other, showing that pallidusoil is a good corrosion
inhibitor for copper in 1.0 M HCI; it inhibit theotrosion by the strong adsorption of their molesua the steel
surface.

[ TheT. pallidusoil acts on steel surface as mixed inhibitor veithhysisorption mechanism.
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