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ABSTRACT

This paper describes the performance of essentiaf &#oeniculum Vulgare Leaves FVL as corrosiohilaitors for
steel mild in 1 M hydrochloric acid solutions inetlconcentration range of 0.4 g/l to 1g/l by weidbss
measurements, polarization methods, impedance rsgeopy and scanning electron microscope as a earfa
treatment method. The effect of FVL extract oncibreosion rate was determined at different tempared. The
inhibition efficiency increased with inhibitor cosmtration but decrease with rise in temperaturd. tAe data
obtained indicate that FVL extract is capable dfibiting the corrosion of steel mild in HCI solutiavith a very
high efficiency. Polarization data show that FVLhhees as a mixed type inhibitor which is absorbetivben the
extract and the mild steel substrate by physicabaption
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INTRODUCTION

The corrosion is of fundamental, academic and im@usoncern that has been subject of study ofynm@mrosion

researchers [1] often difficult to eliminate contplg, so the prevention would be more achievabdantbomplete
elimination. The use of inhibitors is a practicathnique to secure metals and alloys from aggregsivironment,
the most organic compounds can be efficient inbibitHowever, most of these compounds are notexpgnsive,
but also toxic. Now, it has become necessary techefar effective, safe, and environmentally frigndorrosion

inhibitors especially with increasingly stringemv&@onmental policies. In this context, Oil and qii@xtracts have
become a source of inhibitors, ecological guarahigk efficiency at a cheaper price [2].

The Apiaceae or Umbelliferae are a family of mosttgmatic plants with hollow stems. The family @ns more
than 3,700 species; it is the 16th-largest familflawering plants. [3] Foeniculumvulgare is an h¢hat belongs to
this family, in this work; leaves oil is extractédm FV herb, collected in the Fés region of Momand used as
corrosion inhibitor to prevent or retard corrosioihmild steel in hydrochloric acid medium. This pitoved his
power inhibitor £€85%), Weight-loss measurements combined with lipggtential scan voltammetry (I-E) and

electrochemical impedance spectroscopy (EIS) weréopned in order to complete and to compare tisalte
obtained.
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MATERIALS AND METHODS

2.1. Substrates

Prior each experiment, the steel samples are paisghth different emery papers up 1200 [4], ringéth acetone,
washed thoroughly with doubly distilled water, dinhlly dried in air, the sheets of steel used Weight loss
measures 2cfrhave a square form (2.0 cm x 2.0 cm x 0.05 cmpr@tchemical composition is given in Table
1.The aggressive solution 1 M HClI is prepared tytidin of Analytical Grade 37% HCI with doubly diktd water.
The immersion time for the weight loss is 6 hour8@8 K and 2 hour at other temperatures

Table 1. The chemical composition of mild steel

%Fe | %C| %Si| %P| %Mn %S  %AL
99.21| 0.21] 03§ 0.09 0.0% 0.05 0.01

2.2. Weight loss measurements

Gravimetric measurements are carried out in a dowdlled glass cell equipped with a thermostateoling
condenser[5] by weighing the mild steel specimesfere and after immersion in acid solutions in phesence and
absence of various concentrations of FVL (0.4@/ g/la). Weight loss allowed us to calculate rtiesan corrosion
rate as expressed in mg émi*and the Inhibition efficiency (§26) using the following equatior{4) and(2)

Am
corr = E (1)
E.% = {W corr —W corr/inh) % 100 @

Weorr

Where Am represented the weight loss, S the area of speciand t experimental time. M, and W, are
respectively the corrosion rate with and withodtilitor.

2.3. Polarization measurements

Electrochemical experiments were carried out usimptentiostat PGZ100 A conventional three-eleersgstem
consisting of saturated calomel as reference elgetrplatinum foil as counter electrode and mikkas working
electrode was in the form of a disc cut from milge$ [6]Before all experiments, the potential wiebaized at free
potential during 30 min. The polarization measuretsevere performed by applying a controlled potdndcan
automatically from —800 to —200 mV with scanninteraf 1 mV s over a small range typically 10 mVhiespect
to Ecorr. The temperature was thermostatically radled at 308 K. The resulting current is lineaplptted against
potential, the slope of this plot at Ecorr being tolarization resistance (Rp). The percentageititn efficiency
was evaluated from the measured Icorr values addailsing the relations K@), respectively, where | and li are the
corrosion current densities without and with thdidn of the inhibitor.

—1

E.%:Iiix 100 (3)

2.4. Electrochemical impedance studies (EIS)

Electrochemical impedance spectroscopy is carnigdvith a Voltalab PGZ 100 system at Ecorr afteedaination

of the steady-state current at a given potentiz svave voltage 10mV peak to peak, at frequencidaden 10

mHz and 100 kHz is superimposed on the rest pale]. EIS diagrams are given in the Nyquist regrdation.

All electrochemical studies were carried out withimmersion time of 1 h, with different inhibitogpncentrations

of essential oil of FVL at 308 K. The inhibitionfiefency has been calculated using the relatior{dhip
Ex%=1——* %100 ()

Rinh

Where Rand Ry, are the charge transfer resistance in absencmamdsence of inhibitor, respectively.

2.5. Scanning electron microscopic studies

After immersion of Samples of mild steel alreadgpared in 1M HCI without and with 1g/l of FVL forl& the
experiences were performed using an environmeagairsng electron microscope [8] (FEI COMPANY QUANTA
200)
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2.6. Energy dispersive analysis of X-rays (EDX)
EDX system attached with a scanning electron moops was used for elemental analysis of the filrméad on the
mild steel surface before and after immersion @itthibitor solution[9].

RESULTS AND DISCUSSION

3.1. Components identification

The extraction of FVL oil is obtained by hydrodistiion in the laboratory of Physiology, Pharmagyloand
Environmental Health (EPSP) Fés, and analysed WSagChromatography (GC Ultra Trace), coupled witlipe

of mass spectrometer (PolarisQ) the Regional UsityeCenter Interface (C.U.R.I) University Sidi Mained Ben
Abdellah. The results of the composition of the aile summarized in Table 2. The figure 1 shows the
chromatogram of the FVL. The analysis allowed idhentification of several components which domidatey
oxygenated monoterpenes accounted for 99.8% dbtheweight. The major components were Trans anét{83

%), estragole (11.13 %), Fenchone (5.67 %). Theeoutdr structures of these components are shoWwigire 2.
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Figure 1: Chromatographic profile of HE of FVL

Table 2: Chemical composition of FVL

- 1. TR - Aire
Noms chimiques des composés (min) Formules chimiques (%)
Estragole 15,87 {H.,.0 11,13
Limonéne 21,27 GHae 5,67
Transanéthole 24,1 180 83
/CH'j /CH_,{
\: .’ )
'\\ "--.._\_‘_\_‘—
a b €

Figure 2: Chemical structure of trans-anethole (apf estragole (b) and fenchone (c)
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3.2. Polarization measurements
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Figure 3: Polarization curves for mild steel in 1 MHCI in the absence and presence of different conaation of FVL at 308K

Figure 3 illustrate the cathodic and anodic pokitm curves of mild steel in 1 M HCI recorded wiitte addition of
various concentrations of FVL, These polarizationves demonstrate, as a first sight, that No sicanit changes
were observed in Ecorr values in presence of itdmi&i showing that it is a mixed-type inhibitorss i\can be seen,
both cathodic and anodic reactions of mild steektebde corrosion were inhibited by the increaseFirL
concentration. Tafel lines of nearly equal slopesenobtained, indicating that the hydrogen evolutigaction was
activation-controlled. The corrosion parametershsag corrosion potential (Ecorr), corrosion curigtsity (Icorr),
and cathodic Tafel slope (bc) deduced from the esiare presented in Table 3. The data show thatdhevalues
decreased considerably and the inhibition efficjen€ FVS increases with concentration, reaching aximum

value (92.2%) at 1g/l.

Table 3. Polarization parameters and correspondingnhibition efficiency for the mild steel corrosionin 1 M HCI without and with the

addition of various concentrations of FVL

H ‘i C Ecorr I<:or _BC Ew
inhibitor | oy | mviscE) | mafem?) | mv) | (%)
Blank | 1M HCI -464 1,879 | 2081 -
1 -471,3 0,1471 | 793 922
FVL 0,8 -472,1 0,1486 | 1002 92,1
0,6 -472,6 0,1705 81| 90,9
0,4 -476,8 0,2212 | 1264 88,
3.3. Electrochemical impedance measurements
—a&— 1 g/l
—*— 0.8 g/l
0.6 g/l
o A A, —e—0.49/l
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Figure 4. Impedance diagrams of mild steel in 1M Bl with and without different concentrations of FVL

The corrosion behaviors of mild steel in 1 M HGhtaining different concentrations of FVL were ailseestigated
by the EIS method, the curves are presented in&ig¢jse Nyquist plots contain semi-circle whosee sizcreases
with the inhibitor concentration, showing a chatggnsfer process mainly controlling the corrosidrsieel, The
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existence of depressed nature of the semi-circth w86 center is the characteristic of solid eledés and is
attributed to the increased micro-roughness ofaserfind other inhomogenetics of solid electrodengworrosion
[10,11].The characteristic parameters associateieéampedance diagrams (the charge transfer aesistRt and
the double layer capacitance Cdl) and E (%) arergim Table 4.

We note that the charge transfer resistance ineseaih increasing inhibitor concentration, On ttker hand, the
value of the double layer capacitance decreases fr45.4 uF/cm-2 in the acid to lower values in preg of
inhibitors. The decrease in Cdl is due to the gutmm of inhibitor on the metal surface causingharge of the
double layer structure [12] which led to an incee@s the inhibition efficiency to achieve the maxim value of
90.2 % at a concentration of 1g/|

Table 4: Impedance parameters for corrosion of s& in 1 M HCl in the absence and presence of diffent concentrations of FVL

. C Rtc Rs Cdc E
nhibitor |y | (.em) | (@,cm?) | uFlem=2) | (%)
Blank | IMHCI | 11,76 | 0820 | 1454

1 119,9 1.0 15 | 904

0.8 112,0 15 16 | 89,

FVL 0.6 73.9 1,0 23 | 84
0.4 69,5 14 25 | 83/
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- —&— FVL

2,0 -
1,8—-
1,6—-
1.4
1,2—- .\t
N 1,04
5 1] '.
3 08 %
0,6—-
0.4
0,2—- ..
0,0—-
-0’2 T T T T T T T T T 1

3 2 1 0 1 2 3 4 5 6

log(f)

Figure 5: Bode diagrams for steel in 1 M HCI

9 (P
JVVV R

!
VWA

Figure 6: Equivalent electrical circuit of the interface steel / FVL / HC

We prefer sometimes represent the impedance ofeatr@de in a Bode diagram, indicating the log Zsus the
logarithm of frequence. Figure 5 shows the Bodgrdia of the circuit shown in the Fig 6 for the sarakies of Rt,
Rs and CPE. the diagram show two levels, the elgtérresistance Rs can be read from the high &ecyand the
low frequency portion of bode plots can be usedate or compare the corrosion behavior of variorgawic

coatings because the low frequency limit contdiesvalues (Rt+Rs).

The circuit model used is shown in Figure 6. H&®|s the solution resistance, Rt is the chargestea resistance,
CPE is a constant phase element that usually atdourthe electrode surface heterogeneity[13]. Tuad
correlation between the SIE parameters and thosenall by the equivalent circuit shows that thrsui fits well
our experimental results and could logically représthe metal/solution interface of mild steel @idic medium
containing FVL.

153



F. El-Hajjaji etal Der Pharma Chemica, 2016,8 (13):149-157

3.4. Weight loss measurements

3.4.1. Effect of concentration

The inhibition efficiencies and weight loss for thmmersion of the substrates for 6 h is given ibl€ab. It is
evident that the addition of FVL extract decredsemetal dissolution rate but the former is mofeative at lower
concentration than the latter. On the other handrehse of concentration of inhibitor increases itthgbition

efficiency to reach a value of 92.46% at a coneiatn of 1g/l. This behavior could be attributagedo strong
interaction of compounds with the metal surfacé tbaults in the adsorption of inhibitor molecul&4]

Table 5: Gravimetric results of steel in acid withait and with addition of the FVL (t=6h. T= 29841 K).

C Vcorr E

(@/) | (mg/cm,h)| (%)
Blank | 0,6134 -

1 0,0463 | 92,46
038 0,0570 | 90,71
0,6 0,0614 | 89,99
04 0,0643 | 89,52

When comparing the results obtained from testinghows used in this work (eight loss measurement taad
electrochemical measurements) it can be concludatdtihere is a fair agreement between the obtaiesalts But
also a little difference can be observed, A simdbaservation was also reported by several autlid@sl§]. This
difference can be attributed to the fact that thkagization method gives instantaneous corrositéesravhereas the
gravimetric method gives average corrosion ratés [1

3.4.2. Effect of Temperature

In order to get better understandings of the inimigiprocess. The effect of temperature on theosion behaviour
of steel in 1M HCI containing inhibitor at a contrtion 2.00 g/l. The effect of temperature (3183 with and
without inhibitors is shown in Table 6.1t is obviothat the weight loss has increased linearly withincrease in
temperature in the presence and absence of intgbiidve %IE depends upon the temperature and deweeth
temperature.

Table 6: Influence of temperature on the corrosiomrate and inhibition efficiency of mild steel in 1 MHCI at 2g/l (t=2h)

T | Veor (HCI) | Veor (FVL) | E%
318 1,85 0,332 | 82,07
328 2,73 0,477 | 82,5
338 3,99 0,955 76,03
348 5,42 2,596 | 52,15

The activation parameters for the studied systeme wetermined from the Arrhenius equation and ttiamsstate
equation. Egs (5) and (6), Where Ea is the appaeitation corrosion energy, T is the absolutegerature, A is
the Arrhenius preexponential constant, h is Plamadnstant, N is Avagadro’'s number, R is the usialegas
constantASa is the entropy of activation an#fia is the enthalpy of activation.

( Ea

W = Aexp RT (5)
2T oxp (2) exp (222 6
v P exp( RT ) ®

Arrhenius plots for the corrosion rates of steel sfiown in Figures 7 and 8 shows a plot of In (W&yr 10%T
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Figure7 & 8: Arrhenius plots of steel in Figure8:The relation between Log (W/T) and uninhibited andnhibited acid1/T for mild steel at
different temperatures

Table 7: parameter thermodynamic for the dissolution of mild steel in 1M HCI with and without 1g/I of FVL

Thermodynamic data  Ea AH AS
(kifmol) | (ki/mol) | (.K*mol®)
1M HCI 33 31 -159
FVL 63,2 60,5 -81,6

The activation parameters calculated from theseesuwith and without addition of FVL are listedTable 7. It's
clear that the activation energy of the inhibitedlion in this study increases by increasing thacentration of
FVL. Ea = 33 kJ/mol for free acid and Ea '= 63.2rig| with the addition 1.00 g/l of FVS. EA modifiddy the
addition of an inhibitor, this modification showlet change in the mechanism of the corrosion proreske
presence of adsorbed inhibitor molecules [18-19)8raand Brand and Szauer explained that the iner@as
activation energy may be attributed to an appréeidiecrease in the adsorption of the inhibitor ke mild steel
surface with the increase in temperature [20] aiglis an indication that the physical adsorpticous [21]

On the other hand, the positive valuesAbf* indicates that the corrosion process is an dmetotic phenomenon.
And The negative values of DS* show that the attidgacomplex in the rate determining step represants
association rather than a dissociation step, itidigahat a decrease in disordering takes placenowing from
reactants to the activated complex [22]

3.5. Surface morphology

The surface morphology of the steel samples inatbeence and presence of FVL extract was investigageg
SEM technique (model: JEOL, JSM 6400). The SEM iesagith magnification 1000m of the metal surfacesen
taken (Figure 9)

It can be seen that the surface before immersiowstsome abrading scratches. due to polishinguf€i§.A),
From the photomicrographs after immersion in urbithd 1M HCI shows an aggressive attack of the ambng
medium on the steel surface (Figure 9.B ), in ttes@nce of FVS Good results are obtained when caudpwvith
that in the absence of inhibitor. It also appearsmaall black holes which may be attributed todbfect of steel

At Figure C, a film adsorbed on steel surface egdde 1M HCI solutions containing FVL, which do retist in
Figure 9.B. This is attributed to the involvemehtite compounds in the interaction with the acsites of metal
surface; this reduces the contact between metattendggressive medium [23] it might be concludedhsit the
adsorption film can efficiently inhibit the corrosi.
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Figure 9: SEM images of mild steel (a) polished (¥D0), (b) after immersion in acid solution 1 M HCI(x1000), (c) after immersion in
acid solution 1 M HCI containing 1g/I of of FVL (x1000)
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Figure 10. Percentage in mass obtained from EDX ahges of the different elements composing the milsteel surface, (A) dry steel, (B)
after immersion in 1 M HCI solution without inhibit or (C) after immersion in 1M HCI solution containing 1 g/lof FVL

Elements Fe C (@)
A | 83.53| 16.47
W, | B | 67.98| 13.81| 18.21
C | 31.88| 57.73 10.3¢
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EDX spectra is an analytical technique used forefeenental analysis or chemical characterizationfta mild
steel be for and after the exposure to the inhilsitdution containing 1g/l of FVL for 6h, the retubre displayed in
figure 10 and the Table 8. The spectrum in the cdsthe mild steel is shown in Fig 10A. Fig 10Bosls the
appearance of the oxygen peak on the EDX spectfwsteel in HCI 1 M with important percentages ofdrel low
percentages of C which shows that corrosion of tekes place through the formation of iron oxideirhibited
solution (Fig 10C) the EDX spectra shows The apgreze of low content of the oxygen and iron compavigd the
last spectrum confirms that inhibitor molecule fwudes the formation of iron oxide and inhibit® tborrosion
through its strong adsorption on the mild steefesig

CONCLUSION

FV Oil inhibits the corrosion of mild steel. Itahibition efficiency increased with the concentatito attain a
maximum value 92% at 1 g/L. a result that seertisfaatory in terms of protection of the steel esaky in a acid
medium. The chemical analysis showed Trans anethahajor component of FVL essential oil and Podidn
studies showed that oil acts as a mixed inhibit@thaut modifying the hydrogen reduction mechanisthe
thermodynamic values obtained from this study iathd that the inhibitor was physically adsorbedtlua steel
surface and SEM study confirmed the formation otgctive layer over the steel surface by this giekibitor. The
results obtained from weight loss measurementsyizakion curves and EIS study are in reasonalyieeagent.
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