F. El-Hajjaji et al., /Journal of Natural Products, Vol. 10 (2017): 45-57

ISSN 0974 — 5211

Journal of Natural Products
(Only ON-LINE, ANNUAL, Science Journal published from INDIA)

Volume 10 (2017)

Research Paper www.JournalofNaturalProducts.com

Chemical composition, anticorrosion and antioxidan@activity of clove
(Syzygium aromaticum) oil

F. El-Hajjaji ", A. Abdellaoui?, M. Taleb', B. Hammouti®, A. Zarrouk®
! aboratoire d’Ingénierie d’Electrochimie de Modélisn et Environnement (LIEMEsDwm,
University Sidi Mohammed Ben Abdellah, Fés, Morocco
“Laboratoire de Physiologie, Pharmacologie et SEntéronnementale(LPPSE) FSDM Fés,
Morocco
3LC2AME, Faculty of science, University Mohammed fiarer, PO Box 717, 60 000 Oujda,
Morocco

*Corresponding Author
(Received 16 April 2017; Revised 09 June-03 Dec. 28tZepted 07 Dec. 2017; On-lined 10 Dec. 2017)

ABSTRACT
The effect of clove §yzygium aromaticuymoil (CO) on mild steel corrosion was
investigated in hydrochloric acid (1M HCI) solutiony using electrochemical
techniques. The results show that the oil actsiaed¥type inhibitor with the highest
inhibition at 0,8g/L. The inhibition of corrosiols found to be due to adsorption of
this essential oil on metal surface, which is infoomity with Langmuir’s adsorption
isotherm. Electrochemical impedance spectroscogyiteeshowed that the corrosion
and corrosion inhibition of steel occurred mainfydharge transfer. Furthermore, the
antioxidant activities of clove oil was evaluateg dmploying two antioxidant assay
such asy,a-diphenyl$-picryl-hydrazyl free radical (DPPH.) scavenginglderric ion
(F€*") reducing antioxidant power assay (FRAP).
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INTRODUCTION
Corrosion of metals is a common problem with ecolcomplications costing
billions of dollars each year. Corrosion inhibitimmrequired by many industries, for
example oil and gas exploration and productionrgbetm refining and chemical
manufacture (Schmitt et al., 1985). The use oftitbis is one of the most effective
ways to prevent corrosion. Inhibitors are commou$ed to reduce the corrosive
attack of solutions to the contacted metallic mater The majority of well-known
inhibitors are organic compounds containing heterna such as O, N and S with
multiple bonds. The efficiency of these organicrasion inhibitors is related to the
presence of polar functional groups with S, O anat®ins in the molecule (Zarrok et
al., 2012a; b; Zarrouk et al., 2011; Zarrouk et 2012; Zarrok et al., 2013; Ghazoui
et al., 2014). Nevertheless, most of these orgemimcpounds are not only expensive
but also toxic to both human beings and the enwem (El-Etre et al., 2006).
Therefore, the investigation of new cost-effectivegn-toxic and eco-friendly
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inhibitors is essential to get over this problend dvas been addressing toward the
goal of using cheap, effective compounds at lovizero” environmental impact.

Natural products are nontoxic, biodegradable aadilg available. They have
been used widely as inhibitors. Many research ggdugve reported the successful
use of naturally plant-derived substances to resthee metal corrosion (Gunasekaran
et al., 2004; Abiola et al., 2009; da Rocha et2010; Torres et al., 2011; Khadraoui
et al., 2014; Hamdani et al., 2015a; b; Lotfi et 2015).

The encouraging results obtained by naturally agscorrosion inhibitor of
steel in acid solutions permit to test more sulzstamils. There is no report to our
knowledge on the effect of the addition of clo&yZygium aromaticunktssential Oll
on the corrosion of mild steel alloy in hydrochtisolution. In the view of the
results obtained by antioxidant investigation, @swfound worth investigating the
corrosion inhibition behavior of this of clov&.(aromaticurn Essential Oil. Hence,
the present paper reports the results of our ilgadgin on the inhibitive performance
of the clove §. aromaticum Essential Oil on mild steel in HCI medium using
electrochemical techniques. The free radical 2iphehyl-1-picrylhnydrazyl (DPPH)
and ferric ion (F&) reducing antioxidant power assay (FRAP) method used for
antioxidant assay of clov&(aromaticumessential oil.

MATERIALS AND METHODS
Essential oil extraction: A total of 100g clove were subjected to hydro-tietion for
3h with 600ml distilled water using a Clevengerdyppparatus modified: the
hydrosol was collected in a separatory funnel {ér)liso that the heavy oil was
decanted to the bottom of the flask. While the watdhe hydrosol was recycled into
the flask containing the plant material in boilinghe essential oil obtained was
collected and dried over anhydrous sodium sulphatestored in a refrigerator at 4-
5°C prior to analysis. Yield based on dried weighthe sample was calculated.
Characterization of Syzygium aromaticum Essential Oil
Gas chromatography analysis. The isolated oil was diluted with hexane (dilution
ratio 10:100), and was sampled for the gas chrognaphic analysis. Trace gas
chromatograph (GC) (ULTRA S/N 20062969, Thermo sy, gas chromatograph
equipped with HP-5MS non polar fused silica capjllaolumn (60mx0.32mm, film
thickness 0.25 mm) was used. Operating conditiomen temperature program from
50°C (2 min) to 280°C at 5°C/min and the final tergiure kept for 10 min, 2 “split
mode” ratio 1:20, carrier gas Azoth (N), flow rdtml/ min, temperature of injector
and detector (flame ionization detector) were fiae@50°C and 280°C, respectively.
Gas chromatography-mass spectrometry (GC-MS. The analysis of the volatile
constituents was run on a Thermo Fischer capillgag chromatograph directly
coupled to the mass spectrometer system (model GIRA S/N 20062969, Polaris
QS/N 210729), using an HP-5MS non polar fusedasitiapillary column (60mx0.32
mm, 0.25mm film thickness). The operating condit@nGC oven temperature was
maintained as: initial temperature 40°C for 2 npmpgrammed rate 2°C/min up to
final temperature 260°C with isotherm for 10 minjector temperature 250°C. The
carrier gas was helium, flow rate 1ml/ min. Samphlere run in hexane with a
dilution ratio of 10:100. The volume of injectedespmen was 1ml of diluted oil,
splitless injection technique, ionization energy 69, in the electronic ionization
mode, ion source temperature 200°C, scan mass cdmge 40-650 and interface line
temperature 300°C. Components identification waslenay determination of their
retention indices (KI) relative to those of a hoognus series of n-alkanesg(C,)
(Fluka, Buchs/sg, Switzerland) and by matchingrtllecorded mass spectra with
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those stored in the spectrometer database (NIST Libgary v. 2.0) and the
bibliography (Adam, 2001).
Materials: The steel used in this study is mild steel witthamical composition 0.09
wt. % P, 0.38 wt. % Si, 0.01 wt. % Al, 0.05 wt. %nMD.21 wt. % C, 0.05 wt. % S
and the remainder iron (Fe).
Preparation of solutions: The aggressive solutions of 1M HCI were prepared by
dilution of analytical grade 37% HCI with distillegater. Inhibitor were dissolved in
acid solution at the required concentrations (gA9lume of inhibitor/volume of
blank), and the solution in the absence of inhibitas taken as blank for comparison
purposes. The test solutions were freshly prepbedore each experiment by adding
essential oil of clove directly to the corrosivéusion. Concentrations of essential oils
are 0.2, 0.4, 0.6 and 0.8¢g/L.
Corrosion tests
Electrochemical measurements: The electrochemical measurements were carried out
using Volta lab (Tacussel-Radiometer
PGZ 100) potentiostate and controlled by Tacussebsion analysis software model
(Voltamaster 4) at under static condition. The asion cell used had three electrodes.
The reference electrode was a saturated calomelrade (SCE). A platinum
electrode was used as auxiliary electrode of sarfaea of 1.0 cfn The working
electrode was mild steel of the surface 1.0chil potentials given in this study were
referred to this reference electrode. The workitecteode was immersed in test
solution for 30min to a establish steady state opiecuit potential Eocp). After
measuring theEqp the electrochemical measurements were perfornt.
electrochemical tests have been performed in akrsdutions at 308K. The EIS
experiments were conducted in the frequency range ligh limit of 100kHz and
different low limit 20mHz at open circuit potentialith 10 points per decade, at the
rest potential, after 30min of acid immersion, Ipplging 10mV ac voltage peak-to-
peak. Nyquist plots were made from these experisndrite best semicircle can be fit
through the data points in the Nyquist plot usingpa-linear least square fit so as to
give the intersections with theaxis. The impedance data were analysed and fitted
with the simulation ZView 2.80, equivalent circadftware.

After ac impedance test, the potentiodynamic pmoddion measurements of
mild steel substrate in inhibited and uninhibitetuson were scanned from cathodic
to the anodic direction, with a scan rate of 0.5 s1V The potentiodynamic data were
analysed using the polarization VoltaMaster 4 safev The linear Tafel segments of
anodic and cathodic curves were extrapolated tgosmn potential to obtain
corrosion current densitiekq).

From the polarization curves obtained, the corrosio current (l.;) was calculated by Tafel
extrapolation using the equation:

el ]

The inhibition efficiency was evaluated from the masured I, values using the following
relationship:

I corr I i
corr(i)
Tratel(%) = ——— x 100 (2)
Icorr
*  Wherelg, andlc) are the corrosion current densities for steeltedde in the uninhibited

and inhibited solutions, respectively.
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Antioxidant activity

DPPH scavenging activity: The DPPH method was introduced by Blois (Blois,
1958). The ability of essential oils to scavenge IHPPH radical was measured using
the method by (Wu et al., 2003). 0.1ml of variownaentrations of extracts or
standard was added with 1.5 ml of ethanolic satutiontaining 0.1mmol of DPPH
(2,2-diphenyl-1-picrylhydrazyl). Absorbance measueats were read at 517nm. The
absorbance of the mixture was measured at 517 nimanspectrophotometer (Jasco

V-530) after 30 min of incubation time at room tesrgtture in dark.
The percentage inhibition was calculated by the fdwing equation:

o) - ( A = Asm.e] 100 @)

lank
e Agak : Absorbance of the blank (containing all reagentcept for the test compound),
*  Asampie : Absorbance of the test compound.
e BHT served as positive control. Thes}Gralues were calculated as the concentration of
causing a 50% inhibition of DPPH radical.

Reducing power assay (FRAP): The reducing capacity of the tested oils was
determined in accordance with the procedure of yé&Dyaizu, 1986)00ul of the
oils was mixed with 500l of phosphate buffer (0,32M6.6) and 500ul of potassium
ferricyanide [KFe (CN)g]1%. The obtained solution was incubated at 50°C fo
20min.The mixture was acidified with 500ul of Trictacetic (TCA) 10% which was
then centrifuged at 3000 rpm for 10 min. The ugdpger of the solution (2,5ml) was
mixed with 500l of distilled water and 100 pl o#@®; (0.1%), and the absorbance
was measured at 700nm with a spectrophotometerddas30). BHT and Ascorbic
acid was used as standard. The result was expressd@o, (mg/ml). The oil
concentration corresponding 0.5 of absorbancesdfE®as calculated by polotting
absorbance against the corresponding oil concenmiraill samples were analyzed in
triplicate.

RESULTS AND DISCUSSION
Chemical composition of clove oil: The present work evaluated the chemical
composition of CO. The main compoundsSyzygium aromaticufBO determined by
GC-MS and GC-FID are listed ifable 1

Table-1: Constituents ofSyzygium aromaticum essential oil and their relative percentages of tat
chromatogram area and Kovats index.

Compounds Kovats index| (%)
Eugenol 1353 87.03
B-Caryophyllene 1428 <1
Acetate eugenol 1538 11.25
Caryophyllene oxide 1689 <1

Potentiodynamic  polarization measurements. Potentiodynamic polarization
measurements were carried out to know the effednlobitor on the kinetics of
anodic and cathodic reactions, and also to obtdormation about the nature of the
inhibitor. The polarization curves of mild steelim HCI solution in the absence and
presence of different concentrations of CO are showrigure 1.Electrochemical
polarization parameters such as corrosion pote(tg),), corrosion current density
(Icor), cathodic tafel slopeBf) and inhibition efficiency f{rafel %) are tabulated in
Table 2
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Figure-1: Polarization curves for mild steel in 1 MHCI at different concentrations of CO at 308 K.

It is clear that the addition of essential oil &dve (Syzygium aromaticunto the acid
solution decreases the corrosion current densigy).(IThis indicates that CO retards
the rate of corrosion of mild steel. The inhibitiohcorrosion increases with increase
in CO concentration in acidic medium. Inspectiortf@Figure 1land Table 2shows
that CO has an inhibitive effect in the both anodind cathodic parts of the
polarization curves and the addition of CO shifteel &, value towards the negative
direction compared to the uninhibited mild steel.

The corrosion current density}) decreases considerably with increasing CO
concentration, while a clear trend was observethénevolution of k&, values. The
cathodic Tafel slopef}f) values show slight changes with the addition &f, @hich
suggests that the inhibiting action occurred by psmblocking of the available
cathodic sites on the metal surface, which lea@ tecrease in the exposed area
necessary for hydrogen reduction and lowered tesotiition rate with increasing CO
concentration. The result also reveals that thé&iaddf the CO affected significantly
the values of Ey, indicating the mixed type nature of the CO onibitton of
corrosion on metal steel with predominance cathditicahim et al., 2012, Oguzie
2007). The dependence of protection efficiengyye(%) versus the inhibitor
concentration of CO is also presented able 2 The obtained inhibition efficiencies
indicate that this inhibitor acts as effective Witor andnrase (%) increases as CO
concentration increases, reaching its maximum vati@e8g/L (90%).

Table-2: Polarization data of mild steel in 1M HClcontaining different con. of CO at 308 K.

Conc. 'Ecorr 'Bc I corr Nrafel

(g/L) (mV vs SCE) | (mV dec?) (LA cmd) (%)

Blank 464.0 207 1870 —
0.2 490.7 185 374 80
0.4 489.9 245 318 83
0.6 531.0 165 243 87
0.8 563.0 175 187 90

EIS measurements. The Nyquist plots in the absence and presence ftéreint
studied concentrations of the CO are showrFigure 2.Nyquist plots give one
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semicircle in the absence and presence of diffezententrations of CO suggesting
that inhibition of metallic corrosion taking plage the present study is due to
retardation of electron charge transfer processidiien from the perfect semicircle
is generally attributed to the frequency dispersierwell as to the inhomogeneities of
the surface and mass transport resistant (Seikishadf, 2015). The diameter of the
Nyquist plots increases with increasing concerdratsuggesting that values of
charged transfer resistance.fRncrease due to formation of protective film. The
impedance parameters were derived using equivaeotit described elsewhere
(Verma et al., 2014) and is given irable 3 The equivalent circuit consists of
solution resistance @R charge transfer resistanceJRind a constant phase element
(CPE) €igure 3, which consists of Rsolution resistance, ;Rcharge transfer
resistance and CPE constant phase elements falotitde layer. A constant phase
element (CPE) is used instead of a pure capaaitocompensate the non-ideal
capacitive response of the interface and to gebie raccurate fit of experimental data
set.
Its impedance is given by Eq. (4):
1

ZCPE = W (4)

«  Where A Q' s cm® is the magnitude of the CPE, w (rad) $s the sine wave modulation
angular frequencyi’ = -1 is the imaginary number and n is an empiregbonent which
measures the deviation from the ideal capacitiveabeur (Lopez et al., 2003, El-Hajjaji et
al., 2018). Depending on the values of n, CPE eanesent resistance (n = 0), capacitance (n
= 1), inductance (n = -1) and Warburg impedance (h5) (Amin et al., 2010, Musa et al.,
2010, Zheng et al.,, 2014). The values qof R the absence and presence of different
concentrations of CO were obtained by fitting E&8adin this equivalent circuit.

280

——0.8¢g/L

—— 0.6 g/L

2404 ——0.4 gl

1 —+—0.2 g/L
2004 —e— Blank

o u
c 160
o J

Z_(Qcm)
Figure-2: Nyquist plot of mild steel corrosion in M HCI in the absence and presence of different
concentrations of CO.

Rs CPE

Rct

Figure-3: Equivalent circuit model used to fit theEIS data.
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From the calculated values of:Rthe value of double layer capacitancg)@ the
absence and presence of CO was calculated usinfpltbeing equation (Shih and

Mansfeld, 1989):
Ca =VA (Ry )" (S)

and the relaxation time constanf ¢f charge-transfer process using the Eq. (6)
(Popova et al., 2007):

=GR, (6)
The inhibition efficiency in the case of ac impedarstudynz(%), was evaluated by
Re values using Eq. (7), whereiRind Ry;) were the charge transfer resistance of

mild steel electrode in the uninhibited and intgdisolutions, respectively (Lebrini et
al., 2008).

n, (%) _Rw =R 100 (7)

t(i)

Table-3: EIS parameters obtained for mild steel in1M HCI in the absence and presence of
different concentrations of CO.

Medium (93%2) 9'11396 oz | (QRccrtrF (pFCg;n'z) ms) | @)
Blank 202 | 50891 | 0800 203§  1s889 323 -
0.2glL | 201 | 28426| 0788 1234 11547  14p7 835
0.4gll | 217 | 23519 | 0789 162. 98.16| 150 87.4
“O T o6gl | 200 | 19691| 0798 2204 7300| 1682 908
08gL | 206 | 1334 | 0796 3079 5883 1809 934

R increases with the concentration of CO and reaahesximum value of 30748
cn’ at 0.8g/L. This increase demonstrates the imprawedection effect of this
compound and a slow corroding system, due to tlelugd replacement of water
molecules by CO molecules on the surface and coesdly to a decrease in the
number of active sites necessary for the corrosantion (Popova et al.,1996).

The value of the proportional factor A of CPE varie a regular manner with
inhibitor concentration. However, the values of thlease shift (n) did not vary
significantly, confirming therefore that the chargansfer controlled dissolution
mechanism of mild steel in 1M HCI without and witthibitor. After addition of CO

in the corrosive solution, n values (ranges from868.to 0.796) decrease, when
compared to that obtained in pure 1M HCI (0.80@)isTshows an increase of the
surface inhomogeneity as a result of the inhibstaadsorption (Growcock et al.,
1989). It is worth mentioning that the value of tieéaxation time constant)(slowly
increases with CO concentration as well and the tfhadsorption process becomes
therefore much higher which means a slow adsorgirogess (Outirite et al., 2010,
Morales et al., 2008). However, the addition of t©@he corrosive solution decreases
the double layer capacitanceyg(GTable 3).

The decrease indocan result from the decrease of the local digectinstant
or increase of thickness of electrical double layenich suggest the substitution of
H>O molecules (with higher dielectric constant) wiithibitor molecules (with lower
dielectric constant) leading to the formation dhan protective film on the electrode
surface (Ozcan et al., 2008). However, the moreats®rption of inhibitor molecules
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on the metal surface, the more the thickness olbb#inger layer is increased according
to the expression of the Helmholtz model (Ahamaal.e2010).

Eo&E
== 8
Cui g S 8

*  Whereg, is the permittivity of free space,is the local dielectric constant of medium, and S
the surface area of the electrode.

Equation 8 suggests that; @ inversely proportional to the thickness of pative
layer d.
Adsorption isotherm: The values of surface coverage to different comaéons of
inhibitors, obtained from EIS measurements at 308ad¢e been used to explain the
best isotherm to determine the adsorption procAdsorption isotherms are very
important in determining the mechanism of orgarextebchemical reactions (Ali et
al., 2003). The most frequently used isotherms laaegmiur, Temkin, Frumkin,
Parsons, Hill de Boer, Flory-Huggins and Dahar{~iduggins and Bockris-Swinkel.
However, the best fit is obtained from Langmuirti@sm Eigure 4. All these
isotherms are of the general form:

[(6.x)exp( 226) = KC, (9)

e Where[(6,x) is the configurational factor which depends upbe physical model and the
assumptions underlying the derivation of the isothe"0” is the surface coverage degree,
“C” is the inhibitor concentration in the bulk of sadut “a” is the lateral interaction term
describing the molecular interactions in the adsonplayer and the heterogeneity of the

surface. K” is the adsorption-desorption equilibrium constant

The surface coveragefor different concentrations of CO in 1M HCI at 3B8has
been evaluated from EIS. The data were tested uaph see Figure bby fitting to
Langmuir isotherm which given by equation 10.
Cow-1,c (10)
e Kads )

*  Where Gy is the equilibrium inhibitor concentration 4 adsorptive equilibrium constartt,
representing the degree of adsorptigs%4/100).

o
©
1

o
o]
.

Y =0.04 + 1.03X
R’ = 0.99909

C,,/8 (g/L)
© © o ° ©
.. 9. LT,

o
N
haliy

02 03 04 05 06 07 08
C (g/L)

Figure-4: Langmuir adsorption isotherm for mild steel in 1M HCI solution of CO at different
concentrations by EIS methods.
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From the intercepts of the straight line® €axis, the K value was calculated, K = 25

o

L/g. K is related to the standard Gibbs free en@fggdsorption AG, ., according to:

K= 1 exp ~AG,, (11)
Cho RT

* Where R is the universal gas constant, T the thdymamic temperature and the
concentration of water in the solution is 1000g/L.
Generally, for values &G, around -20kJ mdl or less negative, the type of

adsorption is regarded as physisorption, thosenared0 kJ mol or more negative
are associated with chemisorption (Bahrami et 2010, Behpour et al., 2010).
However, it is difficult to distinguish between chisorption and physisorption only
based on these criteria, especially when chargedepare adsorbed. The possibility
of Coulomb interactions between adsorbed catiomssqpecifically adsorbed anions
can increase the Gibbs energy even if no chemmadi lappears (Singh et al., 2011).

However, the calculation of th&G,, value of CO is not possible because the

molecular mass of the extract components is nowknd his limitation is noted by
some authors in the case of the plant extracts asexbrrosion inhibitors for steel in
acidic media (Lebrini et al., 2011, Faustin et 2015)

Antioxidant Activity: The antioxidant effect of plant samples can be watad by
several in vitro tests. Since the assay resulth@fantioxidant effect depend on the
method used, a combined assay of several methoeguged (Miller et al., 2011). In
this study, the antioxidant activity of CO was detmed using DPPH, and FRAP
assays and was compared with synthetic antioxidatyl hydroxyl toluene (BHT)
used as reference.

DPPH' free radical scavenging activity: DPPH assay is an excellent method to
evaluate the radical scavenging activity of poenéintioxidative compounds. The
DPPH assay has been widely used for the deterrmmadf primary antioxidant
capacity. DPPH radical could be decreased by mmatiwith antioxidant
compositions that can donate hydrogen (Kumaranl.et2@07). The free radical
scavenging ability of antioxidants can be determhibg using stable free radicals like
DPPH. The purple colour of DPPH radical disappégrabstracting a hydrogen atom
from the antioxidant. Th&igure 5shows the analysis of DPPH radical scavenging
activity of clove oil and BHA (as a reference compd).

1ao

20

70

al

a0 —_— 0
40 BHT
a0

20

10

Inhibition (%o)

-200 ] 200 400 ann 200 1000 1200
Concentration {ngml)

Figure-5: DPPH Free radical scavenging activity of BHT andSyzygium aromaticum essential oil.
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Table 4shows the results of the antioxidant activity nuead by the two assays. The
ICso value obtained by DPPH free radical-scavengingyassas 0.063ug/ml for
Clove oil. This value is significantlyP(< 0.05) 2000 times lower than that of the
standard antioxidant BHT whereddd/as achieved at 100pug/ml. On DPPH assay IC
values were obtained for clove oil and BHA, so thabwer value of Ig indicated a
higher antioxidant activity and reciprocally.

Table-4: ICsq and ECsgvalues of respectively DPPH Reaction and FRAP reaon.

Samples IGo(g/ml) ECso(pg/ml)
Values of DPPH values of
reaction FRAP reaction
Clove Essential Oll 0.063 + 0.0004 0.058 + 0.0012
BHT 100 £ 4.2 120 £5.71

Ferric ions (Fe*) reducing antioxidant power assay (FRAP): The FRAP method is
commonly applied to evaluate the antioxidant agtivaof plant materials, and it
measures the capacity of the sample to reduce feriFé" to the ferrous Féform
(Contreras-calderon et al., 2011). The reducinggvavf clove oil increased steadily
with increasing concentration of samplégy(re §. At different concentrations (0.02-
0.16ug/ml), clove oil demonstrated powerful redgcability. As displayed imable
4, the FRAP value of the Clove oil was significan{B< 0.05) 2000 times lower
(ECsp of 0.058ug/ml) than of BHT where Bg&wvas 120ug/ml.

100 DPPH Clove oil

90
80
70
60
50
40
30
20
10

Inhibition (%)

0 0.1 0.2 0.3 0.4 0.5

Concentration (ug/mL)

Figure-6: Reducing power activity of Syzygium aromaticum essential oil.

Our results were in good agreement with recentipusly reported results showed
that the Clove oil show greater antioxidant acgivdompared to those of standard
antioxidant (Gulgin et al., 2012). On the otherdathe higher antioxidant activity of
Clove oil is probably likely to their higher Eugénand Acetate eugenol Acetate
contents Table 1).
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CONCLUSION
Syzygium aromaticurissential Oil has significant antioxidant actiyitgO exhibit
corrosion inhibition properties for mild steel irM1HCI. The inhibiting effect
increases with the increase of the oil concentnateo reach a maximum at 0.8g/L.
Potentiondynamic polarization measurements dematesthat inhibitor acts as a
mixed-type inhibition with predominance cathoditieTadsorption of CO on the mild
steel surface follows the Langmuir adsorption isatih Data obtained from ac
impedance technique show a frequency distributt@htherefore a modelling element
with frequency dispersion behaviour, a constanspleement (CPE) has been used.
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