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ABSTRACT

Corrosion inhibition of mild steel in 1 M HCI waswestigated in the absence and presence of differen
concentrations of pectin extracted from opuntiadoldes. Weight loss, potentiodynamic polarizatiord an
electrochemical impedance spectroscopy techniguese wmployed. Impedance measurements showed that th
double-layer capacitance decreased and charge-feansesistance increased with increase in the iitbib
concentration and hence increasing in inhibitioficéncy. Potentiodynamic polarization study showiedt the
inhibitor act as cathodic-type inhibitor. The inftibn efficiency was found to increase with inhibbicontent to
attain 96% in the presence oflg/l at 308K. Dataagidd from EIS studies were analyzed to determitretenodel
inhibition process through appropriate equivalertcait models. Inhibition efficiency E (%) obtaindbm the
various methods was in good agreement. The assdcativation energy has been determined. The atlearof
pectin on the steel surface was found obey to Lairtgradsorption isotherm.
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INTRODUCTION

Acid solutions, widely used in industrial acid atézy, acid descaling, acid pickling, and oil wetidizing, require
the use of corrosion inhibitors in order to restrétieir corrosion attack on metallic materials. &aV factors
including cost and amount, easy availability andstrimportant safety to environment and its spenesd to be
considered when choosing an inhibitor. Use of iitbib is one of the most economical and practicethods for
protecting metal against corrosion [1]. Use of oiganolecules as corrosion inhibitors is one of itihast practical
methods for protecting against corrosion [2].

In recent years, research into the use of low-andteco-friendly compounds as corrosion inhibiforsmild steel

were intensified. Many researchers have studiedisieeof plant based inhibitor and the results shitnasthis new
type of inhibitors is proven effectively to redute corrosion rate on the metal [3-11].The useabfiral polymeric
structures, derived from extracts of leaves or sead green corrosion inhibitors is receiving sirgmeference.
These chemical substances are safe, cost-effentidagenewable sources of materials [12-16]. Péstnnaturally
occurring polysaccharidantained in the primary cell walls of higher plants [17]. In addit, the biodegradability
and the eco-friendly role of pectin [18] have a@apit to be used also as an excipient in food imgi49], and as
controller for drug delivery systems [20,21] dueit® non-toxicity, low production costs and gellirgtivity
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properties. In the literature, Plant extracts cimit@ pectin among many other compounds were testerbrrosion
inhibitors [22-24].

Pectin has been reported to be a promising greension inhibitor of aluminum in hydrochloric acéblution. The
maximum inhibition efficiency obtained at 10 °C ngpipectin concentration (8.0 g/L) was 91% [16]. Tise of a
ternary inhibitor formulation with pectin, propyhpsphonic acid and Zhfor corrosion control of carbon steel in
aqueous solution presented 94 % as inhibitionieffiry for 50 ppm of PPA and 20 ppm of?Z{25].However, the
corrosion inhibition performance of Pectin-Graftedlyacrylamide and Pectin-Grafted Polyacrylic Aoid mild
steel in 3.5% of NaCl was found to be only 85% [Z&cently, the inhibition corrosion of mild steell M HCI
solution attained a maximum value of 94.2% usifgd?/L of pectin solution at 45 °C [27].

The encouraging results obtained in our laborabyrpaturally extracts from different plants as ogion inhibitors

of steel in acid solutions permit to test more &andly inhibitor.In the present study, the inliibé effect of the
Pectin extracted fromdpuntia Ficus Indicacladode on corrosion of mild steel in hydrochloaiwd solution was
investigated by weight loss, electrochemical paktion measurements and electrochemical impedance
spectroscopy.

MATERIALS AND METHODS

2.1. Pectin extraction

300 g of cladodes afpuntia ficus indicgFig.1) were washed with double distilled watelney were cut into small
pieces and placed with 100 mL of distilled wateicanventional Samsung microwave MS-23F301EFS meelel
for 15 min at 700 w and 2450 MHz. After coolingetmixture was centrifuged at 4000 rpm for 10 mirseéparate
the liquid from the solids. The supernatant, caritej the NE was filtered with fine cloth. NE wapipitated using
absolute ethanol in a 2:3 ratio of supernatantolgesit. The precipitate was washed with ethanokwatixture

(70%) to remove any remaining impurities and lefdty at room temperature overnight. The solid palserized

and stored at room temperature.

(a) (b)

Figurel:(a):Opuntia Cladodes, (b):Pectin powder

2.2. Solutions
The aggressive solutions of 1.0 M HCI were preparedilution of an analytical grade 37% HCI with ulde
distilled water. The concentration range of Peirtinbitor employed was 0.125-1 (g/L).

2.3. Weight loss measurements

Coupons were cut into 1.5x 1.5 x 0.05°alimensions having composition (0.09 % P, 0.01 %6038 % Si, 0.05 %
Mn, 0.21 % C, 0.05 % S and Fe balance) used foghwdbss measurements. Prior to all measuremdmgxposed
area was mechanically abraded with 180, 400, 8000,11200 grades of emery papers. The specimensaateed
thoroughly with bi-distilled water degreased angdwith ethanol. Gravimetric measurements arei@dout in a
double walled glass cell equipped with a thermestatooling condenser. The solution volume is 106. éthe
immersion time for the weight loss is 6 h at (308Kl In order to get good reproducibility, experinte were
carried out in duplicate. The average weight loss wbtained. The corrosion rat (s calculated using the
following equation:

v=W/St 1)
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Where W is the average weight loss, S the total,aed t is immersion time. With the corrosion reatulated, the
inhibition efficiency (Ew) is determined as follows

vo-v

Where/, andV are the values of corrosion rate without and withbitor, respectively.

2.4 Electrochemical tests

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

potentiostat is connected to a cell with threetebele thermostats with double wall. A saturatedow! 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 afleriments, 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 deategl by bubbling nitrogen. Inhibition efficiendgg %) is defined
as Equation3, whereyio) and ionnn represent corrosion current density values withaodl with inhibitor,

respectively.

icor(0)—icor(inh)

0 =
Ep % icor(0)

x 100 3)

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
automatically controlled the measurements perforitetest potentials after 0.5 hour of exposureQ& B. The
impedance diagrams are given in the Nyquist reptaten. Inhibition efficiency (%) is estimated using the

relation 4, where f0) and Rt(inh) are the charge transfer resistaatiges in the absence and presence of inhibitor,
respectively:

Rt(inh)—Rt(0)

0fs —
ER% = Rt(inh)

x 100 ()

RESULTS AND DISCUSSION

3.1. Weight loss measurements

3.1.1. Effect of inhibitor concentration

The weight loss method of monitoring corrosion reteuseful because of its simple application arthbgity
[28,29]. Therefore, a series of weight loss measerds were carried out after 6h immersion in 1.H®I in the
absence and presence of various concentratioine dfectin.

Table 1.Corrosion parameters for mild steel in 1 MHCI in absence and presence of different concentriains of Pectin obtained from
weight loss measurements at 35° C for 6h

Concentration \% Ew
Pectin (g/) | (mg.cm?h?) | (%)
HCI 0.82

1 0.05 94

0.5 0.08 90

0.25 0.09 89
0.125 0.13 84

Table 1 shows the calculated values of corrositesrabtained using Eqg. (1) as well as inhibitidficesfncy values
evaluated using the expression given in Eq. (2 fsults show that the corrosion efficienciesHectin increase
with the increasing of inhibitor concentration. Tih&ibition efficiency attain 94% at a concentratiof 1g/L. Also,

the corrosion rate decreases with the increase ootentration of the tested inhibitor. From weiglsd

measurement, we can conclude that Pectinis anlertebrrosion inhibitor for mild steel in 1 M HGblution.

In comparison with the literature, we obtained canaple results with those obtained recently byifBambi and
col. [27] using a higher concentration of pectig/R instead of 1g/L in our conditions. On the cany;, our results
are slightly higher than those obtained by Fares.416] usinga morehigher concentration of pe8gr L.
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3.1.2. Adsorption isotherm
It is generally assumed that the adsorption ofrthébitors on the metal surface is the essenteg & the inhibition

mechanism [30].

Attempts were made to fit values ®to many isotherm including Langmuir, Temkin, Frum&nd Freundlich. The
organic compound seems that follows well the Lanigmdsorption isotherm written in the rearrangeahf¢31]:

C_ = i+ C
P K (5)

The surface coverage valu@3 (vere tested graphically for fitting a suitablesarption isotherm. In those cases, the
plots of G,/6 versus G, yield a straight line, clearly proving that thesatption of the used inhibitors from 1 MHCI
solutions on the mild steel surface obeys the Lanigadsorption isotherm (Fig. 2).

1.2+

1.0+

C.l® @)

1N
IS
1

0.2

0.0 . ; . ; . ; . ; . ;

0.0 0.2 0.4 0.6 0.8 1.0
0l

Figure 2: Langmuir isotherm of steel in the 1M HClin presence of pectincalculated by gravimetric metbd

The adsorption equilibrium constant (K) is relatedthe standard adsorption free energys( as shown the
following equation (6):

(1 —A6°\
=555 P\ ) ©

Where R is the gas constant (8.314 J iol"), T the absolute temperature (K), and the values 5§ the
concentration of water in the solution.

Table.2. Thermodynamic parameters for the adsorptia of pictine in 1M HCI on the mild steel at 308K(Weght loss method, immersion

time is 6 h)
" Linear correlation 1 AG ags
Inhibitor coefficient ) | S1°P€ | KM | 5 mol
Pectin 0.999 1.021] 1.47x10 -22.83

The negative values oAG’ .4) suggest that the pectin inhibitor was spontanigcadsorbed on steel-electrolyte
interface. It has been reported that valuea®f.qs up to -20 kJ/mol are consistent with the physisorp those
around -40 kJ/mol or higher are consistent withnaiserptions [32,33]. In the present study, the @afiAG ,usiS -
22.83 kJ mol, probably means that the adsorption of Pectinaextmhibitor on the steel surface exhibits both
physical adsorption.

The calculated\G,4s values, using Eq. (6), were also given in Tabl&He large negative values 86,4sensure the
spontaneity of the adsorption process and thelityabi the adsorbed layer on the mild steel sweffg4,35] as well
as a strong interaction betweenpectin and the raetédce [36].
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3.2. Potentiodynamic polarization curves:

Potentiodynamic anodic and cathodic polarizatiaisgpfor mild steel specimens in 1 M HCI solutiorttie absence
and presence of different concentrations of pec80& K are shown in Figure 3. The respective kingarameters
including corrosion current density (lcorr), colims potential (Ecorr), cathodicTafel slopfc] and inhibition

efficiency (IE %) are given in Table 3

Log I(mA/cm?)
o
1

——HCI 1M
1 ——1gn
44 0.5g/1

{ ——o0.25¢/I
0.125¢g/1

T T T T T T T T T T T T T
-800 -700 -600 -500 -400 -300 -200

E (mV / SCE)

Figure 3: Anodic and cathodic polarization curves dmild steel in solutions of 1 M HCI in the presene and absence of different
concentrations of Pectin

Table 3. Electrochemical parameters of mild steeltavarious concentrations ofPectin in 1M HCI

Concentration | corr E
peciin(g) | “Eeor(MVISCE) | (iaien?) | ¢ | P2 | (op)
HCI 429 1788 151| 155
1 434 29 130 64| 98.34
0.5 441 98 190 77| 94.52
0.25 433 113 170 71| 93.68
0.125 441 220 184| 82| 87.7

Inspection of these results (figure 3, table 3)erds that in presence of inhibitors, the value afasion density
(Icor) Was decreased. This behaviour reflects its ghiitinhibit the corrosion of mild steel in 1M H&blution. The
E(%) increases as the extract concentration iseasad. It is also worth noting that the valuepofchanges
dramatically with the addition of pictin, much mase than the value d¢fa. This indicates that the pectin behave
cathodically more than anodically [37,38].

3.3. Electrochemical impedance spectroscopy

Among the different electrochemical techniques @ be used to study corrosion inhibitors, ElSeapp as
powerful tool for the information that can provides for example, double layer capacitancg, &nd transfer
resistance, Rvalues. Changes in these parameters as a furaftiome or with respect to other variables, allow
obtaining important information about the kinetifghe corrosion process being involved [39,40].

Nyquist plots for mild steel obtained at the inded in the absence and presence of Pectin Extratifferent
concentrations is given in Figure 4.
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Figure 4:Nyquist plot at different concentrations d Pectin in 1M HCI solution

As shown in Figure 4, in uninhibited and inhibitédV HCI solutions, the impedance spectra exhibi# simgle
capacitive loop, which indicates that the corrosibsteel is mainly controlled by the charge trengfrocess [41]. It
is noted that these capacitive loops in 1 M HCuBohs are not perfect semicircles which can bebatied to the
frequency dispersion effect as a result of the hoegs and inhomogeneous of electrode surface f#hermore,
the diameter of the capacitive loop in the preseriéehibitor is larger than that in blank solutjand enlarges with
the inhibitor concentration. This means that thgedance of inhibited substrate increases with tgbitor
concentration, and leads to good inhibitive perimnge.

The electrochemical parameters ofddd G, derived from Nyquist plots and inhibition efficien Er, (%) are
calculated and listed in Table 4.

Table 4: Impedance parameters for mild steel in 1MHCI in the absence and presence of different conceations of Pectin

Concentration Ret Ca E
Pectin(g/l) (Q.cn?) | (uffem? | (%)
HCI 13.11 353 -
1 397.50 50.65 96.7(
0.5 185.90 54.53 92.95
0.25 120.43 66.10 89.11
0.125 103.40 76.89 87.32

From carful inspection of impedance parameters IEr'dl it was revealed that Rt values increaseti thie Pectin
concentration while Cdl values decreased and camesily the inhibition efficiency (&%) increases to 96.70 % at
1 g/l, which indicates a reduction in the steefkasion rate.

The simplest fit is represented by the Randlesvedgmt circuit, Fig 5, which is a parallel combioat of the
charge-transfer resistance)Bnd the constant phase element (CPE) [43], lmo#ieiies with the solution resistance
(Rs).

R. CPE
IF:‘?t

Figure 5. Electrical equivalent circuit model usedor the modeling metal/solution
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The results obtained from the polarization techeiquacidic solution were in good agreement witbsthobtained
from the electrochemical impedance spectroscop$)(&ith a small variation.

CONCLUSION

The following results can be drawn from this study:

1. Tafel polarization measurements indicates tleati® act behave cathodically more than anodically.

2. The increase in the charge transfer resistandelacrease in double layer capacitance valuels,thatincrease in
the inhibitor concentration, showed that Pectimfed protective layerson the mild steel surface edog areas
where HCI solution degrades and corrodes rapidly.

3. The inhibition efficiency increases with incregsconcentration of Pectin.

4. The corrosion process was inhibited by adsanpdibthe organic matter on the mild steel surfat#aining the
formation of the film on the metal/acid solutiottdrface, decreasing the degradation of the material

5. Results obtained through weight loss measuresmamdi electrochemical tests demonstrated thatrPacti as
efficient corrosion inhibitors of the mild steel1nM HCI solution.
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