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ABSTRACT

This work is devoted to examine the effectivenesedchexane extract of Nigella Sativd3H NS) on corrosion of
mild steel in 1 M HCI solution using the weightdaseasurement at various concentration effectsariRaition
curves and electrochemical impedance spectroscBlf) (methods were employed to evaluate corrosit® aad
inhibition efficiency. The inhibition efficiency wdound to increase with inhibitors content to &tt®8% (at
0.5g/L). Data obtained from EIS studies were aradyto determinate the model inhibition process tigio
appropriate equivalent circuit model. Inhibitionfiefency E (%) obtained from the various methodsnigood
agreement. The associated activation energy has betermined. The adsorption of natural productstom steel
surface was found obey to Langmuir’'s adsorptiothisom.
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INTRODUCTION

Mild steel is an important material which finds widpplications in industry due to its excellent haadcal

properties and low cost. It is extensively usedanious industries as construction material fornsical reactors,
heat exchanger and boiler systems, storage tanéspiband gas transport pipelines. It is also ugsechemical and
allied industries in handling acids, alkalis andt salutions. Corrosion inhibitors synthetic cheaigcare widely
used to protect metals against corrosion, but mbgtem are not environment friendly due to thekitity levels,

bioaccumulation, and/or biodegradability [1]. Henitee research of new corrosion inhibitors nongpgcofriendly,

natural, at low environmental impact are desirddP2ant extract is a rich source of naturally sysized chemical
compounds, readily available at low cost and emméily, and can be obtained through simple exiactirocess
with low cost as well as biodegradable [3]. Theaadages of using plant extracts for steel corrosmmtrol under
acidic media are that the inhibitor is readily $uand becomes their corresponding acid salt wigiatis to both
economic and environmental benefits.

The encouraging results obtained by naturally ailgl extracts as corrosion inhibitors of steel iid a&olutions
permit to test more extracts and oils [4]. The psm of this paper is to evaluate as corrosion itdriHexane
extract of Nigella Sativa L for mild steel in 1M H&blution by gravimetric method and electrocheiinieahniques
such as potentiodynamic polarisation, linear pe&idn and impedance spectroscopy (EIS). The atisorpnd
inhibition efficiency of these inhibitors were irstgated and the thermodynamic parameters in absand
presence of these inhibitors were calculated.
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MATERIALS AND METHODS

2.1. Materials and solutions

Coupons were cut into 1.5x 1.5 x 0.05 cm3 dimersstmving composition (0.09%P, 0.01 % Al, 0.38 %0305 %

Mn, 0.21 % C, 0.05 % S and Fe balance) used faghtddss measurements. Prior to all measuremédmgxposed
area was mechanically abraded with 180, 400, 8000,11200 grades of emery papers. The specimengeateed
thoroughly with bidistilled water degreased andedrivith ethanol. The aggressive solutions of 1.GHEI were

prepared by dilution of an analytical grade 37% H@ih double distilled water. The concentration ganof

inhibitor employed $H NS)was 0.5 - 5 (g/L).

2.2. Preparing sample of Hexane extract of Nigell8ativa L (SH NS):

Nigella sativa L. seeds samples were purchased &dotal market at Oujda (Morocco). Harvesting afélla
sativa seeds was performed in Saudi Arabia in tbetimof October 2010 which is characterized byigsm, dry
climate in this season. After collection, the semasstored in the dark at room temperature usél u

The seeds of Nigella sativa previously cleaned @ndhed (mreqs= 50 g). The Soxhlet extraction is started at firs
with hexane, then the hexane was evaporated irek@porator (extra@d@H NS).

RESULTS AND DISCUSSION

Mild steel corrosion behavior in 1 M HCI was invigated in the absence and presence of hexane eafrbliella
Sativa L(SH NS)with the help of weight loss and electrochemieahhiques. It was seen that mild steel dissolution
rate was very high in 1 M HCI alone but presencénbfbitor significantly decreased the corrosioteraf mild
steel.

3.1Weight Loss Measurements
The weight loss data made primarily at 6 hoursrahersion at room temperature (308 K) were givemable 1,
where the inhibition efficiency was calculated gsthe following equation (1):

vo-v

Ew% =——X10 (1)
Vo
whereV, and V are the values of corrosion rate without &itH inhibitor, respectively.

It is clear that with the rise in hexane extractNifella Sativa L(SH NS) concentration, corrosion rate decreased
and then the inhibition efficiency increased. Tighbst inhibiting efficiency attained 98% at 0.5g/L

Table 1.Corrosion rate and inhibition efficiency in the absence and presence of (SH NS) in 1.0 M HCI solution at 308K

- Concentration \% Ew
Inhibitors (/) (mg.cn?h?) (%)
1M HCI - 0.82
0,5 0.011 98.66
1 0.003 99.63
Hexane extract of Nigella Sativa(EH NS) 2 0.002 99.76
3 0.001 99.88
5 0 100.00

Those data reveal that the rate of mild steel siwrois greatly reduced upon the addition of theadhe extract of
Nigella Sativa L (SH NS) and decreases with thébitdr concentration due to the fact that the apg8on coverage
increases, which shields the steel surface effiigiefnom the acid solution. In acidic media, therrasion rate
decreases sharply with an increase in Hexane éxifadigella Sativa L (SH NS) samples concentragioRrom
weight loss measurement, we can conclude that Sk N excellent inhibitor.

3.2. Polarisation results

The electrochemical study was carried out usingotergiostat PGZ100 piloted by Voltamaster soft-warhis

potentiostat is connected to a cell with threetetele thermostats with double wall. A saturates el electrode
(SCE) and platinum electrode were used as referandeauxiliary electrodes, respectively. Anodic aathodic
potentiodynamic polarization curves were plotted ablarization scan rate of 0.5mV/s. Before afleiments, the
potential was stabilized at free potential durifign3in. The polarisation curves are obtained froraG-81v to —200
mV at 308 K. The solution test is there after deatal by bubbling nitrogen. Inhibition efficiendgf%) is defined
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as Equation 2, wher&gi and ionnny represent corrosion current density values withmod with inhibitor,
respectively.

Ep% _ icor(0)—icor(inh) x 100 2)

icor(0)

Anodic and cathodic polarization curves for mildedtin 1.0 M HCI with and without various concetias of used
inhibitor are shown in Figures 4.

Various corrosion parameters such as corrosiompaté€Ecorr), corrosion current density{) and the inhibition
efficiency (E%) were determined by Tafel extrapolatmethod [5] and are given in Table 2.

Log I( mA /cnf)

— 5g/L ]
3g/L il

| 2g/L '
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Figure 4. Tafel plot of mild steel with differentconcentrations of (SH NS) in 1M HCI solution

The analyse of the data in Table 2 revealed thatctirrosion current density.{j) decreases considerably with
increasing Hexane extract of Nigella Sativa L (SH)NMoncentration, while no definite trend was obsérin the
shift of E, values. The cathodic Tafel slopfc) show slight changes with the addition of Hexaxé&act of
Nigella Sativa L (SH NS), which suggests that thieibiting action occurred by simple blocking of theailable
cathodic sites on the metal surface, which lead ttecrease in the exposed area necessary for leydeaglution
and lowered the dissolution rate with increasingate extract of Nigella Sativa L

(SH NS) concentration. The dependence of E(%) getke inhibitor concentration of Hexane extractNigella
Sativa L (SH NS) is also presented in Table 2. db&ined efficiencies indicate that (SH NS) actstisctive
inhibitor. Indeed, the values of E (%) increasehwithibitor concentration, reaching its maximumuel97%, at
5g/L.

Table 2.Polarization parameters and corresponding inhibition efficiency for the corrosion of the mild steel in 1M HCI without and with
addition of various concentrations of (SH NSyt 308K

Inhibitor Concentration | -Ecor (MV/ECS) | corr -Be Ep
(g/L) (wA/em?) | (mV/dec) | (%)
1M HCI - 454 1205 184 -
0,5 455 279 128 77
. . 1 461 230 128 81
Hexane extr(e;c'f| c,)\jsl\;lgella Sativa > 263 182 135 85
3 460 97 152 92
5 477 29 148 97

3.3. Electrochemical impedance spectroscopy (EIS)

The electrochemical impedance spectroscopy (ElS)sorements are carried out with the electrochersigstem,
which included a digital potentiostat model VoltaRGZ100 computer at Ecorr after immersion in sofutvithout

bubbling. After the determination of steady-staterent at a corrosion potential, sine wave voltédemV) peak to
peak, at frequencies between 100 kHz and 10 mHz@perimposed on the rest potential. Computer progr

352
www.scholarsresearchlibrary.com



I. El Mounsi et al Der Pharma Chemica, 2015, 7 (10): 350-356

automatically controlled the measurements perforitetest potentials after 0.5 hour of exposureQ& RB. The
impedance diagrams are given in the Nyquist reptaten. Inhibition efficiency (r%) is estimated using the
equation 4, where ®) and Rt(inh) are the charge transfer resistaatiges in the absence and presence of inhibitor,
respectively:

o/ _ Rt(inh)—Rt(0)
ER% =~ =" x 100 ©)

Electrochemical impedance spectroscopy (EIS) isnsonty used technique in corrosion researches ttaexthe
mechanisms and adsorption phenomena [6, 7]. Edlyedia inhibition studies, a single semi-circulahape is
observed for mild steel in acidic media. As in poerg studies [8, 9], the parallel results were cte in EIS data.
The EIS results and equivalent circuit were preseint Figs. 5 and 6, respectively

It is the diameter of Nyquist plot shows the difiece in real impedance at lower and higher fregesndhe CPE
is the constant phase element which is used irepidouble layer capacitancey)do give non-ideal capacitive
behavior [10]. In Fig. 5, Nyquist plots for mildest in 1 M HCI solution with, and without differeabncentrations
of the Hexane extract of Nigella Sativa L (SH NSrevseen. The Nyquist plots were detected as orieopa
semicircle.
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Figure 5: Nyquist plot at different concentrationsof Hexane extract of Nigella Sativa L (SH NS) in 1MHCI solution
Rs CPE
RCt

Figure 6: Electrical equivalent circuit model usedfor the modeling metal/solution

In this equivalent circuit, RS is the solution stance, Rct is the charge transfer resistance &t i€ a constant
phase element. The impedance function of the CRE isllows:

Zcpe= & (o)™ (4)
Where Y is the magnitude of CP&,is the angular frequency#R.,), and the deviation parameter n is a valuable

criterion of the nature of the metal surface anfteces microscopic fluctuations of the surface. lor 0, Zpe
represents a resistance with R Z;Yi = -1 an inductance with L =% n = 1 an ideal capacitor with C = Y [11].
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Figure 7a: EIS Nyquist plot for mild steel /1M HCI+1g/L Nigella Sativa L interface:-----experimental data-----calculated
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Figure 7b: EIS Bode plot for mild steel /1M HCI+1gL Nigella Sativa L interface: ----- experimental dag ------- calculated

The measured and simulated data fit very wells lbthiserved that the fitted data follow almost thmea pattern as
the original results along the whole diagrams, waithaverage error about 1% in all cases.

A quick examination of the electrochemical and BEameters indicates that the values of the camgsotential,
anodic and cathodic Tafel slopes vary slightly e presence of Nigella Sativa L concentration. &hesults
suggest that the action of molecules of Nigellavadt act by pure geometric blocking of the eledesurface.
Results obtained show thaf Rcreases and {£tends to decrease when the concentration of iamibicreases. A
decrease in the Cdl values, which can result frafe@ease in the local dielectric constant andidnerease in the
thickness of the electrical double layer, sugg#sis the Hexane extract of Nigella Sativa L (SH M8)ction by
adsorption at the metal solution/interface [12, 13]

Table 3. Impedance parameter values for the corrosh of mild steel in 1M HCI

Inhibitor Concentration Rt C Ert
(M) (Qecnd) | (uffem?) | (%)
1M HCI - 14.57 200 --
0,5 270 83.8 94.6(
. . 1 310 47.1 95.30
Hexane extr(as(::| ?\lfsl\;lgella Sativa > 350 20.94 95.84
3 379 36.31 96.1§
5 557 28.55 | 97.38

3.4. Adsorption isotherm

Additional information about the properties of tlested compounds may be provided from the kinddsbeption
isotherm. Several adsorption isotherms were tesmteldhe Langmuir adsorption isotherm was foundrtwige best
description of the adsorption behaviour of the sigated inhibitor. The Langmuir isotherm is givebg the

equation (5) [14]:

ClO = 1/Kqgs+ C (5)

®=E /100 (6)
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The degree of surface coverage of each inhibitargiven concentration can be calculated usingbitze equation
(6). The strong correlation {R0.99) of the Langmuir adsorption isotherm for Hexaxtract of Nigella Sativa L
(SH NS)was observed. Fig.7. depicts the graph of the trargadsorption isotherm for the studied compound.

c,/8 (g
¢

T T T T T
1 2 3 4 5

Con(@/)

Figure 7: Experimental results at 308 K according the Langmuir adsorption isotherm for Hexane extrat of Nigella Sativa L (SH NS)
at calculated by gravimetric method

Plotting of C vs. QJ results in a linear correlation, shown in FigThe standard free energy of adsorptiaG{,q9
was estimated by the following equation:

K= 1 AG%ads ;
555 P\ T RT 7

Where 55.5 is the molar concentration of watehagolution expressed in molarity units (M) [15].

As shown in Table 4, the negatin&°,4s value (-39.57) obtained indicates that the adsmmpirocess of SH NS to
the surface is spontaneous and the interactioneo&tisorbed layer with the steel surface is sfaltle Meanwhile,
it could be deduced that inhibit®&H NS adopts both electrostatic-adsorption and chemiigm® on the mild steel
surface in 1 M HCI with the latter being privileggld/, 18].

Table 4. The calculated value of Ky and AG°,4s for mild steel in 1 M HCI containing SH NS at 308K

Inhibitor | R | Slope| K(M) [ AG.«(Kj.mol?)
SHNS | 0.999| 1.01| 94.39 0 -39.57

3.5. Explanation for inhibitions

The steel surface charges positive in acid solwimit is difficult for these protonated compoundsapproach the
positively charged steel surface due to the elstitiw repulsion. Nigella Sativa L sample extractomposed of
numerous naturally occurring organic compoundsaiaitg many O and N atoms in functional groups (Q€HO,

C-0, N-H) and O-heterocyclic rings, and they aateastion centers leading to the formation of fdmthe surface
of the alloy. These compounds could be protonatatié acid solution; accordingly, the inhibitivetian could be
attributed to the adsorption of its components fen gteel surface [19]. The corrosion inhibition ey of plant
extract is normally due to the presence in themgosition of complex organic species such as tanrtkaloids
and nitrogen bases, carbohydrates, amino acids, paoieins as well as hydrolysis products. Theseani
compounds contain polar functions with N, S, andt@ms as well as conjugated double bonds or aromats in

their molecular structures, which are the majoogatson centers [20]. Also, the anticorrosion aityivs attributed

to the presence of heterocyclic constituents sscallaloids, flavonoids, tannins, cellulose, anteod which form
an adsorbed film on the metal surface [21].

CONCLUSION
The following results can be drawn from this study:

v'Hexane extract of Nigella Sativa(SH NS)successfully retarded mild steel corrosion in H@USons, and the
efficiency of inhibition increases with increasadhibitor concentration.
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v’ Tafel polarization curves advocated tS&t NSrestricted mild steel corrosion via reducing nstdel dissolution,
which the impedance study suggested was occurredgh molecular adsorption of organic moietieshef ¢éxtracts
on steel surface.

¥ Thus, it is clear from the study that Hexane ext@dcNigella Sativa L(SH NS) can be used as an effective
solution of steel corrosion in acid media.
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