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ABSTRACT

Essential oil of aerial parts of Thymus algeriensés obtained by hydrodistillation and analyzed b§ @nd
GC/MS. 44 components were identified accounting%0of the total oil, which borneol (28%), camphép@.9%)
and camphre (15.7%) were the major compounds. itinibeffect of this essential oil (EOTA) on milddrsteel in
1.0 M HCI solution was studied. Inhibition efficegnof plant extracts were carried out by using cloam(weight
loss method) and electrochemical techniques (pioidyrtamic polarization and electrochemical impedanc
spectroscopy). The effect of temperature on theosimn behavior of mild steel in 1.0 M HCI with aiilsh of plant
extracts was studied in the temperature range & 3843 K. The adsorption and kinetic parametens rhild
steel/EOTA/1.0 M HCI system were calculated frompeemental gravimetric data and the interpretatioh the
results are given. The polarization studies showet J EOTA acts as mixed-type inhibitor. The Nggpiots
showed that on increasing EOTA concentration, iases charge transfer resistance and decreases edapér
capacitance. EOTA obeys the Langmuir adsorptiothésmn.

Keywords: Thymus algeriensigdydrodistillation, Essential oil, Corrosion inftibn, Mild steel, Acid.

INTRODUCTION

Use of inhibitors is one of the most practical noeth for protection against corrosion especiallgéid solutions to
prevent unexpected metal dissolution and acid gopson [1]. Different organic and non-organic corapds have
been studied as inhibitors to protect metals framrasion attack. Usually, organic compounds thagrexa
significant influence on the extent of adsorptiom the metal surface and therefore can be used fastied
corrosion inhibitors. The efficiency of these origatorrosion inhibitors is related to the preseateolar functions
with S, O or N atoms in the molecule, heterocycbenpounds and electrons [2-25]. The polar function is usually
regarded as the reaction center for the establishafg¢he adsorption process [26].

Several studies indicated that most syntheses @rgad inorganic inhibitors are toxic cause severzards to both
human beings and environment during its applicati@7,28]. Thus many researchers focus their effartreplace
these toxic inhibitors with nontoxic one, so theya great interest toward the using of green swroinhibitors to
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protect concrete rebar from corrosion because timbdigitors are not only nontoxic and environmeritadndly, but
also readily available and renewable [29-31].

Green inhibitors are reported to be low cost, saésijly applicable, ecofriendly, preserve the emvinent and are
easily availablethey can be extracted by simple procedures with ¢ost from natural products such as plant
extracts [32]. In addition, several works haverbe®de to study the inhibition by essential oiisttee corrosion of
steel in acidic media and have been found to Ibg eficient corrosion inhibitors for mild steel these acid media
[33-36].

The Thymus algeriensié~ig. 1), is a shrub up under more than 25 cmtlong strong odor, pleasant flavoring, its
flowering period lasts from April until July. In ¢hpresent work, the chemical compositionTofymus algeriensis
essential oil (EOTA) is established using GC andI&&: Then, the inhibition performance of EOTA wasleated
by weight loss measurement and electrochemicahtgahs. The thermodynamic parameters for both atisor
and activation processes were calculated and diedus

Figure 1. Thymusalgeriensis, in Oujda Eastern Morocco
MATERIALSAND METHODS

Inhibitor

Plant material

The aerial part ofThymus algeriensisvas harvested in May 2015 of the Forest Sidi MaafaOujda Eastern
Morocco. A voucher specimen was deposited in thdo&teum of Faculty of Sciences, Oujda, Morocco. Thied
plant material is stored in the laboratory at raemperature (298 K) and in the shade before thaeian

Hydrodistillation apparatus and procedure

Hydrodistillation is an extraction method whose diiion is to extract the volatile compounds of natyproducts
with water vapour, and is often performed usingvEtger-type apparatus (Fig. 1), with 400 mL for.3The
essential oil yields were measured and subsequénéyg over anhydrous sodium sulfate and stor&VaK in the
dark before gas chromatographic determinationsoféimposition [37].

Refrigerant

"> Dean Stark
Essential oils
(W

———  water

Reducer

Round Bottom Flask (2I)

Plant material and water

Flask heater

Stand

Figure 2: Hydrodistillation of essential oils: Clevenger-type apparatus
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Characterization and chemical composition of essential oils

Techniques in chromatography (GC/MS, GC-FTIR, HADED) are available for the molecular analysis ajanmic
compounds. The chemical componentsTbfmus algeriensisssential oil was determined by spectral analysis
gas chromatography and gas chromatography couplethss spectrometry (GC-MS), which identified sigjon
components. GC analyses were performed using danPehker Autosystem GC apparatus (Waltham, MA, USA)
equipped with a single injector and two flame iaian detectors (FID). The apparatus was usedifioul&aneous
sampling with two fused-silica capillary columnsO(& long with i.d. 0.22 mm, film thickness 0.25 pmith
different stationary phases: Rix-1 (polydimethyigsdne) and Rtx-Wax (polyethylene glycol). The terapare
program was for 333-503K at 275K/min and then faléothermal 503K (30 min). The carrier gas wadaihe(1
mL/min). Injector and detector temperatures weid k¢ 553K. Split injection was conducted with daoaplit of
1:80. Electron ionization mass spectra were acduivith a mass range of 35-350 Da. The injected melwf oil
was 0.1 puL. For gas chromatography—mass spectrgntbé oils obtained were investigated using a iRegkmer
Turbo Mass Quadrupole Detector, directly coupled tBerkin-Elmer Auto system XL equipped with twedd-
silica capillary columns (60 m long with i.d. 0.8#n, film thickness 0.25 um), with Rtx-1 (polydimgksiloxane)
and Rtx-Wax (polyethylene glycol). Other GC coruatis were the same as described above. lon sounpetature
was 423 K and energy ionization 70 eV. Electrorization mass spectra were acquired with a masserah§5s-
350 Da.

The injected volume of oil was 0.1 pL. Identificatiof the components was based (1) on the compacktheir
GC retention indices (RI) on non-polar and polduoms, determined relative to the retention tima ckries of n-
alkanes with linear interpolation, with those ottentic compounds or literature data [33], and @)computer
matching with commercial mass spectral librarie3,33] and comparison of spectra with those in censgnal
library. Relative amounts of individual componewmtsre calculated on the basis of their GC peak avaabe two
capillary Rtx-1 and Rtx-Wax columns, without FIDsp@nse factor correction.

Materials
The steel used in this study is a carbon steel avithemical composition 0.09 wt. % P; 0.38 wt. %0301 wt. %
Al; 0.05 wt. % Mn; 0.21 wt. % C; 0.05 wt. % S ame remainder iron (Fe).

Preparation of solutions

The aggressive solutions of 1.0 M HCI were prepdmedilution of analytical grade 37% HCI with dikd water.
Inhibitor were dissolved in acid solution at theu#ed concentrations (in g/L), and the solutiorttia absence of
inhibitor was taken as blank for comparison purgoskhe test solutions were freshly prepared befmaeh
experiment by adding essential oil ®hymus algeriensiglirectly to the corrosive solution. Concentratiaofs
essential oils are 0.125, 0.25, 0.5 and 1g/L.

Gravimetric study

Gravimetric experiments were performed accordinthéostandard methods [38], the mild steel sheets<ol x 0.1
cmwere abraded with a series of emery papers SiC, @20 and 1200) and then washed with distilled watel

acetone. After weighing accurately, the specimeaevimmersed in a 100 mL beaker containing 250 ML@ M

HCI solution with and without addition of differenbncentrations inhibitor. All the aggressive asadutions were
open to air. After 6 h of acid immersion, the speams were taken out, washed, dried, and weighadgaety. In
order to get good reproducibility, all measurememtse performed few times and average values vegrerted to
obtain good reproducibility.

Electrochemical measurements

The electrochemical measurements were carried $iag \/olta lab (Tacussel- Radiometer PGZ 100) paistate
and controlled by Tacussel corrosion analysis sofwmodel (Voltamaster 4) at under static conditibhe
corrosion cell used had three electrodes. The eanfer electrode was a saturated calomel electroG&)(SA
platinum electrode was used as auxiliary electafdeurface area of 1 émiThe working electrode was mild steel of
the surface 0.32 cmAll potentials given in this study were referram this reference electrode. The working
electrode was immersed in test solution for 30 toira establish steady state open circuit pote(igl). After
measuring theE., the electrochemical measurements were performdidelectrochemical tests have been
performed in aerated solutions at 308 K. The ElSerments were conducted in the frequency range gh limit

of 100 kHz and different low limit 0.1 Hz at opeinctit potential, with 10 points per decade, at tést potential,
after 30 min of acid immersion, by applying 10 m¥/ltage peak-to-peak. Nyquist plots were madenftbese
experiments. The best semicircle can be fit thrabghdata points in the Nyquist plot using a nowdir least square
fit so as to give the intersections with thaxis.
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The inhibition efficiency of the inhibitor was calated from the charge transfer resistance valssguthe
following equation:

n,%="2"R 100 "

t
Where, R, and R, are the charge transfer resistance in absenci amdsence of inhibitor, respectively.

After ac impedance test, the potentiodynamic po#didn measurements of mild steel substrate irbitdd and
uninhibited solution were scanned from cathodictite anodic direction, with a scan rate of 1 mV. §he
potentiodynamic data were analysed using the palgoin VoltaMaster 4 software. The linear Tafelreegts of
anodic and cathodic curves were extrapolated tmsimn potential to obtain corrosion current deesid ). From
the polarization curves obtained, the corrosiomenir(.,,) was calculated by curve fitting using the equatio

_ 2.3\E 2.DE
I =1, |exp T ex T

(2)

The inhibition efficiency was evaluated from theawared .., values using the following relationship:

I - i
corr
corr(i) 9

Mrare(%) = 100 ®3)

I corr

wherel .r andl o) are the corrosion current densities for steeltedde in the uninhibited and inhibited solutions,
respectively.

RESULTSAND DISCUSSION

Quantification of essential oil constituents

The analysis of essential oil frofymus algeriensiwas carried out by GC and GC/MS. The chemical asitijon
of essential oil was characterized by 44 compoumtiich accounted for 90.2% of the total oil. Theergion time
of volatile compounds (Rla and RIp) and their patage are summarized in Table 1.

Table 1: Chemical composition of Thymus algeriensis essential oil from M orocco

Compounds Irl Jlraflrp| %
a-Thujene 932| 921| 10200.4
a-Pinene 936| 929 10207.2
Camphene 950, 943 10632.1
Oct-1-en-3-ol 962 | 959 143:.2
Sabinene 973| 964 111D.8
B-pinene 978 | 969| 11073.5
Myrcene 987 | 980| 11561.6
a-terpinene 10131008| 1174| 0.1
p-Cymene 101%1011| 1263| 1.6
Cineole 1,8 1024 1020| 1207| 5.2
Limonene 1024 1020| 1196| 2.8
(Z)b-Ocimene 10291024| 1226| 0.1
(E)b-Ocimene 10411035(1243| 1.1
g-terpinene 10511047|1239| 0.3
E-hydrate de sabinenge 1053052 1453| 0.5
Z-hydrate de sabineng 1082080| 1540( 0.1
Linalol 1086 1083 1535| 1.4
Camphre 11231123| 1505| 10.9
Trans pinocarveol 11261123| 1666| 1.0
Cis Verbenol 1132 1129| 1657| 0.3
Trans Verbenol 11361129 1666| 0.6
Borneol 1150 1154| 1691| 28
Terpinen-4-ol 1164 1166| 1589| 1.6
a-Terpineol 1176 1175| 1680| 1.0
Verbenone 11881181| 1715| 0.2
Carvone 1214 1215| 1722| 0.2
Carvacrol methyl ethgr1226| 1225| 1612| 0.1
Geraniol 1235 1235| 1829 0.2
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Bornyl acetate 1570( 1.0
Carvacrol 2190/ 0.3
Geranyl acetate 1745(1.4
a-copaene 1488| 0.3
B-Bourbonene 1513| 0.2
a-Gurjunene 1524 0.2
E-Caryophyllene 1593 0.5
Germacrene D 1699( 0.7
Bicyclogermacrene 1722(0.1
B-Bisabolene 1718( 0.8
3-Cadinene 1763| 0.3
Spathulenol 2101| 0.5
Caryophyllene oxyde 1963| 0.4
Viridiflorol 2083| 0.1
a-cadinol 2209| 0.3
a-bisabolol 2205| 0.2
a-Thujene 10200.4
a-Pinene 10207.2
Camphene 1069.2.1
Oct-1-en-3-ol 14380.2
Sabinene 111D0.8
B-pinene 11073.5
Myrcene 11561.6
a-terpinene 1174| 0.1
p-Cymene 1263| 1.6
Cineole 1,8 1207| 5.2
Limonene 1196| 2.8
Total 90.2

The most abundant compounds were borneol (28%)pltane (20.9%) and camphre (15.7%). These three
compounds represent 64.6% of the total oils (Fig. 2

H

OH [0

Camphene
Bor neol Camphre

Figure 2: Chemical molecular structure of three major constituents of Thymus algeriensis essential oils

Corrosion inhibition evaluation

Effect of concentration inhibitor

Gravimetric measurements

The effect of addition of EOTA tested at differastincentrations on the corrosion of mild steel i@ 1 HCI
solution was studied by weight loss method at 308ft€r 6 h of immersion period. The corrosion ré@g) and

inhibition efficiencynw. (%) were calculated according to the Egs. 4 ar@P4D], respectively:

— Wb _Wa

C
R At

()
N (%) = 1—% x100 5)

0

whereW, andW, are the specimen weight before and after immeiisidhe tested solutiony, andw; are the values
of corrosion weight losses of mild steel in unintdd and inhibited solutions, respectivefythe total area of the
mild steel specimen (cihandt is the exposure time (h).
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The obtained values of corrosion raf) and inhibition efficiencyyy, (%) are summarized in Table 2. It is obvious
from these results that the EOTA inhibits the csimno of mild steel at all concentrations used iis 8tudy. The
variation ofCg and (%) with the EOTA concentration are shown in Figltan be observed from this figure,
that theCy of mild steel decreases while the protection g&fficy increases as the EOTA concentration increases
1.0 M HCI solutions. This conclusion was also supgmb by the electrochemical studies reported belbhe
maximum/sy, (%) of 81 % is achieved at 1g/L and a further iase=in concentration did not cause any appreciable
change in the performance of the inhibitor. Accogtly, the effectiveness of inhibiting corrosion &y essential oil

is closely related to its chemical composition vihiocludes a non-polar, hydrophobic, consistindngdrocarbon
molecules and a polar, hydrophilic, which presamts or more functional groups. Indeed, the inhibitaction of
Thymus algeriensisssential oil could be attributed to the adsorptibits components on the mild steel surface by a
synergistic action of oxygenated and hydrocarbogpetees, especially their major constituents (Fjg. 2

Table2: Gravimetric resultsof steel HCI at various concentrations of oil and extract of Thymusalgeriensisat 308 K

Medium Inhibitor Cg 0

nwL
(/L) (mgcn®h?h) (%)

Blank — 0.430 — _
0125 0192 55 055
EOTA 025 0.119 72 072
05 0.100 76 076
1.0 0.079 81 081
84
0.204 A
A
| & L 80
0.184 -
] 76 _
/ r g
0.16- >
—~ A =G 72 &
4 1 —A—n =
SE 014 - r 8
b .14 >
g 1 | 68 2
o)) S =h
0.12 O.
£ A\ 64 2
- ] -3
O 0104 A 60 <
4 \ | \O\i
0.084 s Lse
A
0.06 ——— 52
0.0 0.2 0.4 0.6 0.8 1.0
G, o)

Figure 3. Variation of corrosion rate and inhibition efficiency of mild steel in 1.0 M HCI containing various concentrations of EOTA

Polarization measurements

Figure 4 shows the Tafel curves in 1.0 M HCI soloé with and without addition of EOTA at different
concentrations. The corrosion current density desge with increasing inhibitor concentrations dmal dorrosion
potential shifts depending on the inhibitor concatidn. The values of the electrochemical paramsetdatained
from the Tafel curves, namely: corrosion potential,,), cathodic Tafel slopepf), anodic Tafel slopeff),
corrosion current density.(},), inhibition efficiencynrate (%) for the different concentrations of EOTA areegi in
Table 2.
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Figure 4: Tafel plot of mild steel with different concentrationsof EOTA in 1.0 M HCI solution

Table 2. Tafel polarization parameter s obtained at different concentrationsof EOTA

Inhibitor Conc -Ecor ﬁa ‘Bc lcorr Y NTafel
(g/L) (MmVsce) (mV/dec) (mV/dec) (uA cm®) (%)
1.0MHCI — 450 71.9 105.2 420.0 —
0.125 453 61.1 165.4 1355 67
0.250 451 59.5 138.5 89.7 78
EOTA 0.500 447 57.7 137.8 80.6 94
1.000 447 51.1 141.8 74.2 96

It can be seen from the Fig. 4 that, in the preseavfcinhibitor, the curves are shifted to lowerreut regions,
showing the inhibition tendency of the EOTA. Thevas no definite trend is observed in thg,Bsalues in the
presence of EOTA. In the present study, shift ig,Ealues is in the range of 2-6 mV suggested they #ll are
acted as mixed type of inhibitor [41, 42]. Inveatign of Table 2 revealed that the valuegpthange slightly in
the presence of EOTA where as more pronounced ehaemurs in the values @, indicating that both anodic and
cathodic reactions are effected but the effectrmndathodic reactions is more prominent. Thus, EQEted as
mixed type, but predominantly cathodic inhibito8]4

Electrochemical impedance spectroscopy

The corrosion behaviour of mild steel in 1.0 M Hlution in the presence of EOTA was investigatgElS at
308 K after 30 min of immersion. Fig. 5 shows tksults of EIS experiments in the Nyquist representaAfter
analyzing the shape of the Nyquist plots, it isaoded that the curves approximated by a singlacitipe semi-
circles, showing that the corrosion process wasiyaiharge transfer controlled [44]. The generadpsh of the
curves is very similar for all samples; the shapenaintained throughout the whole concentratiomdicating that
almost no change in the corrosion mechanism oadutue to the inhibitor addition [45]. The diametémMyquist

plots (Ry increases on increasing the EOTA concentratitvesé results suggest the inhibition behaviour of KO
on corrosion of mild steel in 1.0 M HCI solution.
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Figure5: Nyquist plotsfor mild steel in 1.0 M HCI at 308 K containing different concentrationsof EOTA
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Figure 6: The equivalent circuit model

The Nyquist plots are analyzed in terms of the \emjant circuit composed with classic parallel cajpacand
resistor (shown in Fig. 6) [46]. The impedance pargrs including charge-transfer resistangg d®uble layer
capacitance &and inhibition efficiency),% are given in Table 3. Charge-transfer resistammeases from 16.0 to
166.7Q cnt and double layer capacitancg @ecreases from 84.0 to 60.4 pFiowith the increase of EOTA
concentration. The decrease ig eans that the adsorption of inhibitor takes plawghe mild steel surface in
acidic solution. The increase in the charge-transdsistance leads to an increase of inhibitionciefficy. The
results indicate good agreement between the valfierrosion efficiency as obtained from the weidbss,
polarization measurements and impedance technligiseconcluded that the corrosion rate dependtherchemical
nature of the electrolyte rather than the appksthnique [46].

The double-layer capacitancey{Gvas calculated from the following equation:
1
C,=—— (6)
2ﬂfmaxRt
where f,.«is the frequency at which the imaginary comporménhe impedance is maximal.

Table 3. Impedance parameter s and inhibition efficiency for mild steel in 1.0 M HCI solutions containing different concentrations of

EOTA
Conc Rs Ret Frnax Cai Nz
(gL (Qcnf) (Qenf) (Hz)  (WFem?) (%)
10MHCI 21 13.1 111.61 84.0 —
1.000 1.6 166.7 15.83 60.4 46
0.500 15 128.8 20.00 61.8 67
0.250 1.6 51.5 44.64 70.9 93
0.125 1.4 31.5 67.38 75.0 91
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Adsorption isotherm behaviour

Basic information on the interaction between thgaoic inhibitor and the mild steel surface are ivletd from
various adsorption isotherms. The most commonlyl @&sorption isotherms are Langmuir, Temkin, angrikin
isotherm. The degree of surface coverd@ydqr different concentrations of the inhibitionaecidic media have been
evaluated from weight loss measurements using goatmn6 = (3. /100).The surface coverage valuéy \yere
tested graphically for fitting a suitable adsorptisotherm. Plotting /0 vs. G, yielded a straight line [Fig. 7]
with correlation coefficient (§ value given in Table 4 at 308 K. Thé ®lue (0.99912) is near to unity indicating
that the adsorption of this inhibitor obey the Lamgr adsorption isotherm represented by the folfmnéquation.

Com- 1 ,c 7)

where Gy, is the equilibrium inhibitor concentrationgdadsorptive equilibrium constant.

1.4
Equation y=a+b*
1.24 Adj. R-Square  0.99912
Value Standard Error
B Intercept | 0.07169 0.0115
1.04 B Slope 1.16278 0.01996
o 0.8
E » EOTA
O o6
0.4
0.2
T T T T T T T T T T
0.0 0.2 0.4 0.6 0.8 1.0

Cinh (9/L)

Figure 7: Langmuir adsor ption isotherm for mild carbon steel in 0.1 M HCI solutions containing Thymus algeriensis essential ail

On the other hand, this isotherm postulates thateths no interaction between the adsorbed molectiee
calculation of the standard free energy vald&, ;) is not possible because the molecular mass ofnthpr
component at therhymus algeriensigssential oil components is not known. As the &fficy inhibition is
essentially a function of the magnitude of its agson equilibrium constant ks large values of lgsare related to
strong interaction between inhibitor molecules d&nel metal surfac§47]. The inhibition process is due to the
intermolecular synergistic effect between seveoaktituents of the natural oil [47].

Table 4. Langmuir adsor ption parameters.

Inhibitor  Slope K4 R?
(Lg)
EOTA 1.16 13.95 0.99912

Effect of temperature

The effect of temperature on the inhibition effiaiéees of EOTA was also studied by weight loss methothe
temperature range 313-343 K. The values of cormosite in the absence and presence of optimum ntratien of
EOTA at different temperatures are given in Tahldge fractional surface coveragecan be easily determined
from the weight loss measurements by the nqfjo (%) /100, wherey,. (%) is inhibition efficiency and calculated
using relation 5. The data obtained suggest thal A@et adsorbed on the mild steel surface at atipieratures
studied and corrosion rates increased in abserntprasence of inhibitor with increase in tempemiarl.0 M HCI
solutions.
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Table5. Various corrosion parametersfor mild steel in 1.0 M HCI in absence and presence of optimum concentration of essential oil at
different temperatures

Temp Cr 9 Mw
(K)  Medium (mg/cnf h) (%)
313 Blank 1.230 — —
EOTA 0.012 0.980 98.0
323 Blank 1.920 — —
EOTA 0.042 0.978 97.8
333 Blank 3.890 — —
EOTA 0.094 0975 975
Blank 6.260 — —
343 EOTA 0.196 0.960 96.0

The dependence of corrosion rate on temperaturbeaxpressed by the Arrhenius equation [48]:

E
Cy=A -2 8
R eX[{ RT) ®)

where G is the corrosion rate, s the apparent activation energy of the mild Istiégsolution, R is the molar gas
constant, T is the absolute temperature, and Adadrequency factor. Arrhenius plots for the coimogate of mild
steel are given in Fig. 8. Values of apparent atitm energy of corrosioref) were determined from the slope of
Ln(Cr) vs. 1T plots and shown in Table 6. The plots obtained straight lines and the activation energy was
evaluated from the slope of the straight line pldtse calculated values of activation energy atedi in Table 6. It
can be seen in the table thati& higher in the presence of the inhibitor thartha absence of the inhibitor. This
observation further supports the proposed physidabrption mechanism.

Further insight into the adsorption mechanism ferefl by considering the thermodynamic functionstifie mild
steel dissolution in 1.0 M HCI in the absence anesence of optimum concentration of EOAT (Fig. 19)this
regards, Transition state equation was used taiateathe corrosion activation parameters, nameéy ehthalpy of

activation (AH, ) and entropy of activation\S, ). Transition state equation is given by the exgires[48]

CR:ﬂex A5 ex _AH, (9)
Nh R RT

whereh is Plank’s constant) is Avogrado’s number)S, is the entropy of activation antH, is the enthalpy of
activation.

= Blank
34 A EOTA

LnCg (mg/cnt hy

1000/T(K ™Y
Figure 8: Arrhenius plotsfor mild steel corrosion rates (Cg) in 1.0 HCI in absence and in presence of 1.0 g/L of EOAT
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.34 = Blank
4 EOTA

44

<] -\-\

Ln (CR/T) (mgfenf h K)

103/T (K'l)
Figure9: Transition-state plotsfor mild steel corrosion rates(Cg) in 1.0 M HCI in absence and in presence of 1.0 g/L of EOAT

The values ofAH, and AS, are calculated and are given in Table 6. Inspeatibthese data revealed that the

thermodynamic parameter AH,) for dissolution reaction of mild steel in
1.0 M HClin the presence of extract is higher (93.39 KJttan that of in the absence of inhibitor (47.09 K
mol ™). The positive sign ofAH_ reflect the endothermic nature of the steel digsmh process suggesting that the

dissolution of mild steel is slow [49]; the presence of inhibitor. Large and negatiieeaf entropie AS, ) imply

that the activated complex in the rate determirstep represents an association rather than a @ifisocstep,
meaning that a decrease in disordering takes plagming from reactant to the activated complex35D

Table 6. Corrosion kinetic parametersfor mild steel in 1.0 M HCI in absence and presence of 1.0 g/L of EOAT

—E, MH.  bS,
MNIbIOr (13 mol?) (kI mof') (I mot* K
Blank 4906 47.09  -93.49
EOAT 9602 9339  -25.60

CONCLUSION

The studiedrhymus algeriensisssential oil (EOTA) shows excellent inhibitioroperties for the corrosion of mild
steel in 1.0 M HCI at 308 K, and the inhibitionie#ncy increases with increasing of the EOTA canicion. The
inhibitor efficiencies determined by weight lossaf@l polarisation and EIS methods are in reasonafjieement.
Based on the polarisation results, the investiggtetpers extract can be classified as mixed inhibitor. The
calculated structural parameters show increasheobbtained Rvalues and decrease of the capacitange with
EOTA concentration increase. It is suggested tibate this to the increase of the thickness ofatisorption layer
at steel surface. The adsorption model obeys toL#mgmuir adsorption isotherm. The adsorption psece a
spontaneous and exothermic process.
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