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ABSTRACT

Our goal is to study the inhibition effect of polyphenols extracted from vegetable olives of a press system crushing
unitonthe corrosion of carbon steelin HCI 1.0 M. The inhibition efficiency of polyphenols has been investigated by
different methods, weight loss method, potentiodynamic polarization measurementsand electrochemical impedance
spectroscopy (EIS).The effect of the temperature on the inhibition of acid hydrochloric corrosion of carbon steel by
the addition of polyphenols was studied. Also the activation energy as other thermodynamic parameters for the
inhibition process was calculated. The results obtainedconfirm that the polyphenols extracted from olive mill waste
water collected from a press system acted as an efficient corrosion inhibitor as well as polyphenols from a three
phase system. The inhibition efficiency increased with the inhibitor concentration but decreases with rise in
temperature reaching a maximum of 94.4 % at a concentration of 1.5 (g/ L) of polyphenols.

Keywords: Olive mill waste water press, Polyphenols, Caownsinhibition, Carbon steel, HCI.

INTRODUCTION

Corrosion [1] is a surface phenomenon known asttaek of metals or alloys by their environmentaswater or
soil in chemical or electrochemical reaction tonfiamore stable compounds. It is necessary to dewote attention
to metallic corrosion nowadays than earlier due to:

1. A more corrosive environment due to the increggiollution of air and water.

2. An increased use of metals within all field @¢hinology.

3. The use for special applications as in the at@nergy field of rare and expensive metals. Thieos@n costs [2]
in most of the countries are in the range of 2-df%e gross national product. So it is imperathest economically,
useful measures should be taken to minimize camosi

The serious consequences of the corrosion pro@ess liecome a problem of worldwide significance. Tke of
inhibitors is one of the most practical methodsgdmatection against corrosion. The research irfité of “green”
corrosion inhibitors has been directed toward thal g@f using cheap, effective molecules of low'pero” negative
environmental impact [3]. Therefore, the use of -taxic inhibitors has also become one of the maglection
requirements, most organic inhibitors act by adsonpon the metal surface [4].

This phenomenon is influenced by the nature anfhsaircharge of metal, type of aggressive mediumchednical
structure of inhibitors. The adsorption of corrasiohibitor depends mainly on physico-chemical gmigs of the
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molecule such as functional groups, steric fagtmiecular size, molecular weight, molecular street@romaticity,
electron density of the donor atoms [5].

A study has already been done on the effect ofgh@gols extracts from a three-system phases ashéitor of
corrosion of carbon steel in a solution of 1.0 MI€ing weight loss and various methods [6].

In continuation of our program for the developmehtorrosion inhibitors with high effectiveness agfficiency,
the present paper explore the use of polyphendime®d from vegetable olives polyphenols as safeosion
inhibitor for steel corrosion in hydrochloric acgblutions using gravimetric and potentiodynamicapiabtion
techniques. The olive mill waste studied here wakected from a crushing unit works by a press eystn the
region of Meknes-Tafilalt of the Moroccan Picholifg

MATERIALS AND METHODS

The steel used in this study is a carbon steelofftarm: C35E carbon steel and US specification: S885) with a
chemical composition (in wt%) of 0.370 % C, 0.2308%0.680 % Mn, 0.016 % S, 0.077 % Cr, 0.011 %0T059
% Ni, 0.009 % Co, 0.160 % Cu, and the remainder (fee). The carbon steel samples were pre-treatedtp the
experiments by grinding with emery paper SiC (1800, and 1200), then rinsed with distilled watergiased in
acetone in an ultrasonic bath immersion for 5 mimshed again with bidistilled water, and then dré@doom
temperature before use. The acid solutions (1.0 ®) kvere prepared by dilution of an analytical reaiggrade
37% HCI with double-distilled water. The conceritratrange of polyphenols employed was 2—0.5 (g/L).

Extraction of polyphenols

An amount of 100 g of olive mill wastewater (OMWi}dred through a Whatman filter paper No. 1 walépéated
by 2x100 mL of hexan. The delipidated olive millstewater (OMW) were then extracted with 2x100 mlethfyl
acetate. The organic phase was dried over 3 g lofdraus sodium sulfate and then concentrated wsingtary
evaporator set at 60 °C and a speed of 140 revirhia.gave an overall yield of 1.367 £ 0.108 % [8].

Weight loss measurements

The steel sheets of 1,6x1,6x0,07 cm dimensions aler@ded with different grades of emery papershecswith
distiled water, degreased with acetone and drisfter. weighing accurately by a digital balance witigh
sensitivity the specimens were immersed in solugontaining 1.0 M HCI solution with and without i@us
concentrations of the investigated inhibitor. Aftke immersion period the steel specimens were eehstith
bidistilled water, degreased and dried and theignes.

The measurements were carried out at the defimite interval of 6 h at room temperature using aalydital
balance (precision £ 0.1 mg).

Electrochemical measurements

The electrochemical measurements were carried sing wsingVoltalab PGZ 100 piloted by ordinate associated
to "Volta Master 4" software. The corrosion celedshad three electrodes. The temperature was ts&tioally
controlled. The working electrode was carbon sttt the surface area of 1émA saturated calomel electrode
(SCE) was used as a reference. All potentials aengyith reference to this electrode. The couetectrode was a
platinum plate of surface area of 1Tm

A SCE was used as the reference and a platinunradecwas used as the counter electrode. All piaisnare
reported versus SCE. All electrochemical tests len performed in aerated solutions at 308 K.

For polarization curves, the working electrode wamersed in the test solution for 30 min until @asty state open
circuit potential (Eocp) was obtained. The scare mas 1 mV/s started from an initial potential 0 mV to -100
mV (vs SCE). Quasi-potentiostatic polarization @swvere obtained using a sweep rate of 1 Th\fter the
determination of steady-state current at a givetergi@l, sine wave voltage (10 mV) peak to pealfrequencies
between 100 kHz and 10 mHz were superimposed onrdhe potential. Computer programs automatically
controlled the measurements performed at rest patexfter 30 min of exposure. All potentials warported
versus saturated calomel electrode (SCE). The immpeidiagrams are given in the Nyquist represemtalfihe best
semicircle can be fit through the data points ia fiyquist plot using a non-linear least squareditgive the
intersections with the x-axis.
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RESULTS AND DISCUSSION

Gravimetric study

Values of The inhibition efficiencyw, (%) of the C-steel obtained from the weight loss measurenfentifferent
concentrations of polyphenols in 1 M HCI at 25 f@@a6 h of immersion are given in table 1. Therosion rate
(CR), inhibition efficiencyy, (%)were calculated according to Egs. (1)and (2)(B,respectively:

=2 1100 (1)
M (%) =50 x 100 2)

whereW is the three-experiment average weight loss ohilié steel, S is the total surface area of theispen,t
is the immersion time and, andv are values of the corrosion rate without and witditon of the inhibitor,
respectively.

Tablel; Corrosion rate of steel in 1M HCI with andwithout chamomile oil at various concentrations, ad the corresponding inhibition
efficiency

Inhibitor Concentration (g/L) V (mg.cm?/h)  nw. (%)

Blank 0.0 1.070 -
2.0 0.060 94.3
15 0.053 95.04
polyphenols 1.0 0.120 88.78
0.5 0.308 71,21

The analysis of the results of table 1, show thatgolyphenols possesses interesting corrosiobitidn properties
for C-steel studied in 1M HCI solution as mentiomsftL 1]. The variation of the inhibition efficienayWWL (%)with

inhibitor concentration is illustrated graphically Figure 1 for 1.0 M HCI. It appears that the osion rate
decreases,) while the inhibition efficiengWL (%) increases with increasing concentration oftitbr reaching a
maximum value of 95,04 at a concentration of 1,A)gThe surface coverage increases with increasimg
concentration of inhibitor. The results dilkely due tothe adsorption of natural compounds on the surfddbe

metalforming a molecular film layer or barrier betwete metal and the corrosive medium according Ob2j [
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Figure 1: Variation of the inhibitive efficiency against the extract concentrations

Electrochemical impedance spectroscopy measurements
The corrosion behavior of steel, in acidic solutimith and without polyphenols, is also investigatby
electrochemical impedance spectroscdpis] measurements Figure3.

It is clear to see that the impedance spectra igrfisantly changed with addition of different gphenols
concentration. The impedance spectra were measuirite corresponding open-circuit potentials. Tapacitive
loops Nyquist diagrams obtained are not centerethemeal axis, due to the frequency dispersion, witiah be
connected to a surface, which generates a hetezogsristribution frequency. This heterogeneityltesfrom the
roughness, impurities, and relocations of adsonptibthe inhibitor and the formation of porolager [13]. The
impedance response of carbon steel in acid solbigansignificantly changed after adding the polypie and the
impedance of the inhibited system increased wittibitor concentration. Moreover, the inhibitor centration of

147



Bouthaina Rajib et al Der Pharma Chemica, 2016, 8 (2):145-153

polyphenols1,5(g/L) gives rise to a much larger is@nle diameter than the other four concentratiafs
polyphenols

The electrochemical impedance spectra in complareppresentation (Nyquist diagram) are charact:tizeone
depressed semicircle, and the diameters of seheidincreases with the inhibitor concentration, ie presence of
polyphenols The same behavior is noticed in the case of ulmiteldl solution 1.0 M HCI.

The EIS results are simulated bthe simplest approach, teguivalent circuit shown in Figurg2which the ability
of the double layerGdl) and the charge transfer resistanBe) (are introduced in parallel, the resistance of the
electrolytic solution (Rs) is inserted in seriegha circuit.

— L]
| |

CPE

Figure 2: Electrical equivalent circuit used to fit the EISdata of the interface carbon steel/1.0 M HCI solinn without and with
polyphenols inhibitor

The double layer capacitandgd]) value is affected by imperfections of the surfabés effect is simulated through
a constant phase element (CPE) [14] tha¢jdaced withthe capacitive element to give a more precisgl§}, the
behavior observed from the Nyquist plot obtainedtfiis inhibitor present is characteristic for dodlectrodes and
often referred to as frequency dispersion whichassociate with to the surface heterogeneity[16}e TIPE
impedance is given by [17, 18]:

Zepe= A (iw) " )

Where A is the CPE constant,is the angular frequency (in rad)si = -1 is the imaginary number, and n is a CPE
exponent which can be used as a gauge of the getezity or roughness of the surface [18].

Depending on the value of n, CPE can represent
- Resistance (n=0,A=R)

- Capacitance (h=1,A=C)

- Inductance (n=-1,A=1L)

- Warburg impedance (n = 0.5, A = W).

In the ideal case of uniformity of active surfattes coefficient n is 1.

Considering that &£PE may be considered as a parallel combination ofire gapacitor and a resistor that is
inversely proportional to the angular frequency t#alue of capacitanc€y, can thus be calculated for a parallel
circuit composed of €&PE and a resistafR;), according to the following equation:

1
“T3xf R
Y Tt

(4)

With Cdl: double layer capacitancgR.cm?); f max: maximum frequency (Hz) aritt: Charge transfer resistance

(Q.cnf).

The electrochemical impedance parameters derived fhese investigations are mentioned in Table 2.
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Figure3: Nyquist plots for carbon steel in 1.0 M HCin the absence and presence of different conceations of polyphenols at 308K

The inhibition efficiency got from the charge tréargesistance is calculated by:

IE % =

EE) <100 (5)

WereR, andRY, are the charge transfer resistances in inhibiteduainhibited solutions respectively.

Table 2: Impedance parameters and inhibition effiaéncy values for carbon steel in 1.0 M HCI without ad with different concentrations
of polyphenols at 308 K

Concentration (g/L) | Rt ohm.cm? | CPEuF/cm? n 1IE%
blank 40 294 0.8 -
0.5 253 164 0.87 84
1 348 127 0.87| 88.5
15 725 125 0.88] 94.5
2 538 104 0.88] 92.§

The analysis of the results from table 2 allowgaisonclude that the transfer resistance va{Bgsare becoming
more important as thgolyphenols concentration increas€be inhibition efficiencylE (%) is evolving in the same
way as the charge transfer resistariR¢ &nd reaches a maximum value9dfS%at a concentration of 1,5 (g/L).

When the concentration of the inhibitor increases notice that the size of the capacitive loom@easing , which
can be attributed to the process charge trangfanell marked and that the value of the impedarigained in
without the addition of the inhibitor is lowerath those obtained after adding it. This reflecsittiluence of the
inhibitor on the process at the interface[19]. Witk addition of the polyphenols, the capacitiveireof the double
layer (CPE) decreases from294 for the blank, to 10#&dg/L)polyphenolghis phenomenon is generalssociated
with the adsorption of organic molecules to thdaae of the steel. In fact, plus inhibitor adsomtsre the thickness
of the organic deposit increases and the capatityeodouble layer decreases according to the egjme given by
the model Helmholtz of [0

sz% S (6)

Wheresd is the thickness of the protective layBris the electrode areefthe vacuum permittivity of vide andis
dielectric constant of the medium.

On the other hand, the deviation paramatbas a tendency to decrease with the additionhabitor. The decrease
in n may be connected with surface roughening wtdcle to the inhibitor molecules adsorbed on thahsairface,
increases the heterogeneity [21], the valuesnddre close tol which means that the surface is not really
heterogeneous.
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Tafel polarization

Effect of concentration

Polarization curves of the carbon steel in 1.0 M B@utions without and with addition of differeconcentrations
of polyphenols are shown in Figure 4.

100

10

I(mA/cm?2)

0,1

1E-3

-0,9 -0,8 -0,7 -0,6 -0,5 -0,4 -0,3 -0,2 -0,1
E(V/ECS)

Figure 4:Potentiodynamic polarisation curves of stel in 1M HCI in the presence of different concentréons of polyphenol at 25°C

Various corrosion kinetics parameters includingrasion potential (k,), corrosion current densityy)) anodic
Tafel slop (B) and cathodic Tafel slope jbwere determined from these experiments by extatipo method [22],
are listed in Table3. The inhibition efficiency &) is defined as follows[23]:

E% —leorr Aeorr iy x 100 7)

corr

Where Lo and Lo are the corrosion current densities for steel edeetin the uninhibited and inhibited solutions,
respectively.

The cathodic branch represents the hydrogen ewaluttaction, while the anodic branch representsirie
dissolution reaction Tafel extrapolation. The medbia proposed for the corrosion of iron determittesm and
steel in acid solution is [24, 25]:

Fe +A™ > (FeA™ )ags
(FeAn_) ads —> (FeAn-) adst NE
(FeAn_) ads —> (FeAn+) adst NE
(FeAn+) ads —> (Fez+) adsh A"

The cathodic hydrogen evolution
Fe + H — (FeH ags

(FeH) adst ne (FeH)-lds
(FeH") ags+ H" +ne — Fe +H

Table3: Polarization data of carbon steel in 1.0 MHCI without and with addition of inhibitor at 25 °C

Concentration Icorr ba -be
(/L) -ECom(mVISCE) | Areme) | (mvidec) | (mvidec) | B
Blank 498 467 210 94 -
0.5 525 79 206 82 83
1 522 54 192 83 88
15 579 26 180 80 94./
2 560 42 150 82 01

In Table 3, the values of corrosion current denfity,) decreased while the inhibition efficiency incredswvith
increasing the inhibitor concentration;this coukl éxplained by the adsorption of the polyphenoltten Carbon
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steel surface.Fig. 4 shows the negative shiftingadrrosion potential (&) of carbon steel, while the inhibitor
strongly reduces both anodic and cathodic currensidly.

The potentiodynamic curves show that there is aradleduction of both the anodic and cathodic cusrém the
presence of Polyphenols compared with those fobtaek solution. The values of cathodic Tafel sldpén the
presence of inhibitor was changing, which cleanglicates that this inhibitor influence the kinetmfshydrogen
evolution reaction. This indicates an increase him energy barrier for proton discharge leading d@sslgas
evolution.It is observed that the cathodic reactioydrogen evolution,and the anodic reaction,diggmt metal,
were inhibited; these results are unlike the ooesd by Larif et al[11].The addition of the inhibitreduces both
the rate of cathodic and anodic reactions by reduttie current densities on both sides of the fmalaon curves in
the potential region studied therefore reducestineosion rate.

The protection efficiency increases withCeaching its maximum value, 94.4%, at 1,5(g/L)skhindicates higher
surface coverage of the metal and that Polyphaepisgood inhibitor for Carbon steel in 1.0 M HCleTresults
obtained from electrochemical are in good agreemthtweight loss studies.

Effect of temperature
Effect of temperature on the corrosion behavior @fsteel isinvestigated using polarizationmethodsthat

temperature in the range (298 — 328)K in the alesélRig. 5) and the presence of polyphenol at V5 (@ ig. 6) in
1M HCI.

b=
(S)
g ] /
= 0.1+ —m— blank at 298K N .
3 —e— blank at 308k J 3
N —%— blank at 318k |
0.01 3 —<— blank at 328k E
1E-3 .

T T T T T T T T T T T
-0,9 -0,8 -0,7 -0,6 -0,5 -0,4 -0,3 -0,2 -0,1

E(mV/Ag/AgCI)
Figure 5:Potentiodynamic polarization curves of stel in 1M HCI at different temperatures
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Figure6:Potentiodynamicpolarization curves of steein 1M HCI in the presence of 1,5 (g/L) of polypheois extract inhibitor at different
temperatures

The values of the variation of corrosion curremgity (l.o), corrosion potential (&), cathodic Tafel slope

and the degree of surface covera@Jewith the concentration of inhibitor Polyphenotsadl studiedtemperatures are
given in Table 4. The surface covera@ewas calculated using:

151



Bouthaina Rajib et al Der Pharma Chemica, 2016, 8 (2):145-153

—_EM™)

~ 100 (8)
The inhibition efficiency E (%) is given by equati¢r).

Table 4: Electrochemical parameters of steel in 1 NHCI at different temperatures in the absence andhe presence of 1.5 (g/L)

Polyphenols
Inhibitor Temperature (K) -Ecorr Icorr -bc E% 0
(mV/SCE)  (uAlcm?)  (mV/dec)
298 498 467 170 - -
Blank 308 491 800 178 - -
318 475 1200 165 - -
328 465 1680 151 - -
298 579 26 80 94.43 0.944
Polyphenols 308 525 96 92 88.00 0.880
318 535 125 82 89.58 0.895
328 546 241 90 85.65 0.856

From these results, we note that an increase ipdgature increasek,,, while the addition of Polyphenols
decreases thé.,, values across the temperature range. The redatisirdicate that the inhibition efficiencies
decreased with increasing the temperature. Suchvilmehcan be interpreted due to the inhibitor dgtsadsorbing
onto the metal surface, leading to a decreaseeimtiibition efficiency [26].

The activation energies {Efor the corrosion process in absence and presehtee extract are evaluated from
Arrhenius equation [27]:

K=A exp (%) 9)

WheréA is the pre-exponential factor, is absolute temperature, R the gas constantamithe rate constant of

metal dissolution reaction which is directly rethte corrosion current density. Thus, the equatiem be rewritten
as [28]:

icor =A €XP (%) (10)

Where, is the corrosion current density.This equation banused to calculate the, Ealues of the corrosion
reaction without and with HE. Plotting the natutadarithm of the corrosion current density agdifiBt the
activation energy can be calculated from the sibipe.temperature dependence of C-steel dissoluidnM HCI
and in the presence inhibitor is presented in EguThe values of activation energies are giveabie 5.

/

{(nASem?)
Z
+

Icorr

Blank
[ ] 15gL

MW

a T T T 1
3 31 3.2 33 34
1000/T (K1)

Figure 7:Arrhenius plots of C-steel in 1 M HCI with and without 1,5 (g/L) Po

Table 5: Calculated values of activation energie€) for carbon steel in 1M HCI in absence and presee of 1,5 (g/L) of Polyphenols

Ea (kJ/mol) R?
Blank 34.58 0.9938
1.5 (g/L) of Polyphenols 56.74 0.9309
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The activation energy increased in the presencBobfphenols, which indicated physical adsorptiorthia first
stage [29]. The value of,;Eound for Polyphenols is higher than that obtaifedl.M HCI solution. The increase in
the activation energy was due to the corrosionti@aanechanism in which charge transfer was blodkgdhe
adsorption of Polyphenols controlled by the surfeegction since the energy of the activation céoroprocess in
both the absence and presence of Polyphenols wategthan 20 kJ mgB0].

CONCLUSION

The following conclusions are drawn from the study:

= The Results obtained qualified that the polypheested is an efficient inhibitor.

= The inhibitor extracted from OMW Polyphenols haswh maximuminhibition efficiency 94.4% at 1.5 (g/L)
concentration.

= Data obtained from weight loss measurements aredasonably good agreement with those of the paitoiz
studies.

= EIS measurement reveals that charge transfer amsistincreases with increase in concentration eéxtnact,
indicating that the inhibition increases with irgse in concentration.

= Increase of temperature leads in a decreaseiociegify and an increase of the activation corrosioergy.
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