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ABSTRACT

Weight loss, potentiodynamic polarization and etmttiemical impedance spectroscopy (EIS) were used t
investigate the corrosion inhibition of 1-acetylilithe-2,3-dione (Ind2) for carbon steel in hydromfit acid. It is
found that the inhibitioefficiency of Ind2 increases with the increaseheft¢oncentration of IndZ he results show
that Ind2 possesses excellent inhibiting effecttiercorrosion of carbon steel and the inhibitotsaas mixed-type
inhibitor. The adsorption process is spontaneoud #ollows Langmuir adsorption isotherm model. Theface
adsorption of the inhibitor molecules decreases tleible-layer capacitance and increases the paddion
resistance. The results obtained from the diffetenhniques were in good agreement which provevétidity of
these tools in the measurements of the testeditohib

Keywords: Acid inhibitor, Carbon steel, EIS, Polarization,nganuir.

INTRODUCTION

Corrosion is a fundamental process playing an itambrole in economics and safety, particularly foetals. The
use of inhibitors is one of the most practical meéshfor protection against corrosion, especiallaaidic media [1].
Most well-known acid inhibitors are organic compdanwhich haver bonds and contains hetero atoms such as
sulphur, nitrogen and oxygen which allows the aptson of compounds on the metal surface [2-25]t@more,
organic inhibitor adsorption on metal surface Buenced by organic inhibitor nature, surface clkargn the metal,
the type of aggressive solution, and the interaatibinhibitor with the metal surface. In hydroctitoacid solution,

the metal surface due to its dissolution and oantiibitor which is protonated carries positiveagde [26]. The
protonated organic inhibitor would be less adsorbetd the metal surface leading to lower inhibitefficiencies
due to the electrostatic interaction of positivargfe.

The present paper describes a study of corrosiotegiion of 1-acetylindoline-2,3-dione (Ind2) orrluan steel in
1.0 M HCI using chemical (weight loss) and eledemical techniques (EIS, potentiodynamic polar@ati This
inhibitor is of particular interest because of tHagh solubility in water, containing-electrons and electronegative
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atoms such as N & O in their molecules. These fadtovour the interaction of this indole derivativgh the metal.
As far as we know no concrete report has been ghddi so for this compound in 1.0 M HCI with use of
electrochemical and chemical techniques, henceptbsent study. The structure of these drugs is showthe

Figure 1.
H ’
p

Figure 1. The chemical structure of the studied acridin derivative compound
MATERIALSAND METHODS

Materials

The steel used in this study is a carbon steel (E8)onorm: C35E carbon steel and US specificat®iE 1035)
with a chemical composition (in wt%) of 0.370 %230 % Si, 0.680 % Mn, 0.016 % S, 0.077 % Cr, DT,
0.059 % Ni, 0.009 % Co, 0.160 % Cu and the remaimda (Fe).

Solutions

The aggressive solutions of 1.0 M HCI were prepdmedilution of analytical grade 37% HCI with dikd water.
The organic compound tested is 1-acetylindolined?2g®ie (Ind2). The concentration range of this comq was
10°%to 10° M.

Weight loss measur ements
Coupons were cut into 2 x 2 x 0.08 mimensions are used for weight loss measureméhier to all
measurements, the exposed area was mechanicadiggembwith 180, 320, 800, 1200 grades of emery gafére
specimens were washed thoroughly with bidistilledter, degreased and dried with ethanol. Gravimetric
measurements are carried out in a double wallessgtall equipped with a thermostated cooling coseenThe
solution volume is 50 mL. The immersion time for thveight loss is 6 h at 308 K. In order to get good
reproducibility, parallel triplicate experiments ngeperformed and the average weight loss valudrefet parallel
carbon steel sheets was obtained. The corrosier{gtwas calculated by the following equation:

w

= 1
V=5 1)

Where IV was the corrosion rate in (mg émh™), wis the average weight loss of three parallel carterl sheets
(mg), Swas the total area of one carbon steel sheed)(@mdt was immersion time (h).

With the calculated corrosion rate, the inhibitefficiency ¢w_ %) was obtained as the following equation:

Yo~V x100 @)
V

,7WL% =
0
WhereV, andV are the values of corrosion rate without and witfecent concentration of inhibitor, respectively.

Polarization measurements

Electrochemical impedance spectr oscopy

The electrochemical measurements were carried $iag \/olta lab (Tacussel- Radiometer PGZ 100) paistate
and controlled by Tacussel corrosion analysis sofwmodel (Voltamaster 4) at under static conditibhe
corrosion cell used had three electrodes. The enfer electrode was a saturated calomel electroG&)(SA
platinum electrode was used as auxiliary electafdgurface area of 0.094 énThe working electrode was carbon
steel. All potentials given in this study were reéel to this reference electrode. The working etet# was
immersed in test solution for 30 minutes to a dighlsteady state open circuit potentiab¢p). After measuring the
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Eocp, the electrochemical measurements were pertbrAleelectrochemical tests have been performederated
solutions at 308 K. The EIS experiments were cotetlin the frequency range with high limit of 10BZand
different low limit 0.1 Hz at open circuit potealti with 10 points per decade, at the rest poterafter 30 min of
acid immersion, by applying 10 mV ac voltage peap¢ak. Nyquist plots were made from these experisnd he
best semicircle can be fit through the data pdimthie Nyquist plot using a non-linear least squdrso as to give
the intersections with theaxis.

The inhibition efficiency of the inhibitor was calated from the charge transfer resistance valissguthe
following equation [27]:

,72% - Rt(inh) - Rt %100 3)

t(inh)
whereR; andR; innywere the values of polarization resistance in theeace and presence of inhibitor, respectively.

Potentiodynamic polarization

The electrochemical behaviour of carbon steel sanmpinhibited and uninhibited solution was studigdrecording
anodic and cathodic potentiodynamic polarizatiorves. Measurements were performed in the 1.0 M $d(ltion
containing different concentrations of the testelihitor by changing the electrode potential auttcadly from -
730 to -150 mV versus corrosion potential at a seae of 1 mV &. The linear Tafel segments of anodic and
cathodic curves were extrapolated to corrosion mii@leto obtain corrosion current densitidg,f). From the
polarization curves obtained, the corrosion cur(gpt) was calculated by curve fitting using the equatio

| =1 {exp( 2"%Ej - exp(ﬁﬂ (4)
B B

The inhibition efficiency was evaluated from theawered ., values using the relationship:

”Tafel% = I corr o_ I corr X 100 (5)

corr

where,|” and|' are the corrosion current density in absence aesepce of inhibitor, respectively.

* " corr corr

RESULTSAND DISCUSSION

Electrchemical | mpedance Spectroscopy (EIS)

EIS technique was applied to investigate the eleetielectrolyte interface and corrosion proceskas dccur on
carbon steel surface in presence and absence Bf Trwl ensure complete characterization of the fiater and
surface processes, EIS measurements were made RtirO& wide frequency range at 308 K. Figure 2 show
Nyquist plots for carbon steel electrode immersed..l0 M HCI solution at 308 K in absence and preseof
various concentrations of Ind2 at the respectivenopircuit potential. It is cleared from the figuPethat the
diameter of the semicircle increases with the iaseein inhibitor concentration in the electrolyitedicating an
increase in corrosion resistance of the matergjl. [2

The value of electrochemical double layer capacid(ity) was calculated at the frequencyadusing the following
equation [29]:

1
C,=—— (©)
2ﬂfma><Rt
where f..«is the frequency at which the imaginary compomdnhe impedance is maximal.
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Figure 2. Nyquist plotsfor carbon steel in 1.0 M HCI solution in presence of various concentrations of 1nd2 at 308K.

It is observed that addition of inhibitor increaskees values of Rand reduces theyCralue. The decrease iny @
due to increase in thickness of the electronic @oldyer [30]. The increase injRalues is due to the formation of
protective film on the metal/solution interface [32]. This observation suggests that indole mokfiinction by
adsorption on metal surface and thereby causingi¢icecase in &£values and increase in:Ralues. The charge
transfer resistance (R values and the interfacial double layer capac#aft) values calculated from the curves
are shown in the table 1.

Table 1. Electrochemical impedance parametersand inhibition efficiency for carbon steel in 1.0 M HCI solution with Ind2 at 308K .

- Conc Ry frmax Cual 2
inhibitor " (6 end) () (alend) (%)
Blank 1 31.04 63.3480.99 ———-

10° 453.31 10.0035.11 93.1
10° 344.33 12.5036.97 90.9
Ind2 10° 281.99 12.5045.17 88.9
10° 200.00 15.8250.33 84.5

Potentiodynamic polarization curves

Potentiodynamic polarization curves for carbonlsteé.0 M HCI solutions in the absence and presasfovarious
concentrations of Ind2 at 308 K are shown in figBr& he extrapolation of Tafel straight line allothe calculation
of the corrosion current density.4}). The values of, the corrosion potential (E), cathodic Tafel slope$)
and the percentage of inhibition efficiency 4. %) are given in the table 2. It is evident frone thigure that
cathodic tafel slopesff) remain almost unchanged with increasing inhibitoncentration. This indicates that
hydrogen evolution is activation controlled and #uglition of inhibitor did not change the mechanishtathodic
hydrogen evolution reaction [33,34].

It is observed that the inhibition efficiency inased with increasing Ind2 concentration and exibitoth cathodic
and anodic inhibition through adsorption on theboarsteel surface blocking active sites [35]. Themeo definite
change observed in the corrosion potentigdJE According to Riggs [36] and others if the dis@ement in E (i) is

> 85mV with respect to E, the inhibitor can be saefm cathodic or anodic type, (ii) if displacemieri is < 85, the
inhibitor can be seen as mixed type. In our studyrhaximum displacement is less than 85, whichcatds that
Ind2 is a mixed type inhibitor. It is evident fraime data that inhibition efficiencyj{a %) increases with increase
in concentration of the inhibitor. The corrosionrremt density (L) decreases with increase in inhibitor
concentration. The maximum inhibition efficiency#4.8% is obtained at M solution of Ind2.
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Figure 3. Polarisation curves of carbon steel in 1.0 M HCI for various concentrations of Ind2.

Table 2. Polarisation data of carbon steel in 1.0 M HCI without and with addition of inhibitor at 308 K.

Inhibitor C(,f}lr)‘c i?{’/’;SCE) <P (MVIdec) L (uAlcms) s
Blank 10 4759 1756 1077.8
10° 4773 1673 88.9 917
gy 10° 4862 154.1 116.9 89.1
10° 4854 1618 163.0 84.9
10° 5000 1575 217.9 79.8

Weight loss studies

The weight loss of carbon steel specimen in 1.0 ®™ sblution, with and without different concentmats from the
1-acetylindoline-2,3-dione (Ind2), was determinééreb h of immersion at 308 K. Obtained valueshaf inhibition
efficiency gw. %) are given in Table 3. The inhibitor's preseneduces the corrosion rate of steel in hydrochloric
acid. The inhibitory efficiency increases with thnel2 concentration to reach 94.6% at®*1M, indicating that the
indole compound tested is a good inhibitor of carkteel in HCI solution. The corrosion inhibitios éssentially
due to the presence of electron donors groups {@ tie molecular structure of Ind2.

Table 3. The values of inhibition efficiency obtained from the weight loss for Ind2 at different concentration in 1.0 M HCI and at 308K .

Conc v w0
(M) (mgeni®h?) (%)
Blank 1.0 1.070 = eeeen emeeen

Inhibitor

10° 0.058 94.6 0.946
Ind2 10 0.084 92.1 0.921
10° 0.112 89.5 0.895
10° 0.170 84.1 0.841

Adsor ption isother m studies

The primary step in the action of inhibitors indeolution is generally agreed to be the adsorptiorthe metal
surface. This involves the assumption that theosion reactions are prevented from occurring okerdrea (or
active sites) of the metal surface covered by dmbinhibitor species, whereas these corrosiontiozscoccur

normally on the inhibitor-free area [37]. Accordipgthe fraction of surface covered with inhibitgpecies
(6= nwL % /100) can follow as a function of inhibitor contmtion and solution temperature. The surface rames
(0) data are very useful on discussing the adsorptiveracteristics. When the fraction of surface cedeis

determined as a function of the concentration aistnt temperature, adsorption isotherm could lmduated at
equilibrium condition. The dependence of the fattdf the surface coverdd on the concentration;fy of the

inhibitor was tested graphically by fitting it taahgmuir’s isotherm, which assumes that the solithsa contains a

323
Scholar Research Library



A. Zarrouk et al Der Pharmacia Lettre, 2013, 5 (3):319-326

fixed number of adsorption sites and each sitesholte adsorbed species. Fig. 4 shows the linets o G,/ 6
versus G, suggesting that the adsorption obeys the Langsnsotherm:

c,_ 1
—h=——+C 7
0 K inh ( )

ads

where G, is the inhibitor concentration, and,J{the adsorptive equilibrium constant, representhmg degree of
adsorption (i.e., the higher value ofdKindicates that the inhibitor is strongly adsortmedthe metal surface); the
value of K5 obtained from the reciprocal of intercept of Langnplot lines and the slope of these lines is near
unity, meaning that each inhibitor molecule occapae active site on the metal surface. The cdivalgoefficient
(R?) was used to choose the isotherm that best figrixental data (Table 4).

0.0012
0.0009+
0.0006+
g
O
0.0003+
0.0000+
T T T T T T T T
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Figure 4. Langmuir adsor ption of Ind2 on the carbon steel surfacein 1.0 HCI solution.

From the intercepts of the straight lines on thg/@axis (Figure 3), Kqscan be calculated which is related to free
energy of adsorptionAG_,. as given by

ads

AG,, =-RTLM55.5K ) (8)

where R is gas constant and T is absolute temperaifi experiment and the constant value of 55.5hés
concentration of water in solution in mof'L

Table 4. Thermodynamic parametersfor the adsor ption of Ind2in 1.0 M HCI on the carbon steel at 308K .

Inhibitor  Slope  Kas(M?) R? °
A(Bads
Ind2 1.05 846611.02 1 -45.24

(kJ/mol)

Generally, the energy values of -20 kJ Twlless negative are associated with an electiostaeraction between
charged molecules and charged metal surface, mhpsisn; those of -40 kJ mblor more negative involve charge
sharing or transfer from the inhibitor molecules ttte metal surface to form a coordinate covalemdbo

chemisorption [38,39]. The value &G, is equal to -45.24 kJ mdl The large value oAG, . and its negative
sign is usually characteristic of strong interattiand a highly efficient adsorption [40]. The highlue of
AG;dSshows that in the presence of 1.0 M HCI chemisomptif Ind2 may occur. The possible mechanisms for
chemisorption can be attributed to the donation-efectron in the aromatic rings, the presence efmitrogen and
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three oxygen atoms in inhibitor molecule as rea&ctienters is an electrostatic adsorption of théopeded indole
compound in acidic solution to adsorb on the mataface.

CONCLUSION

The corrosion rate of carbon steel in HCI solufiothe presence of Ind2 decreased with the increade surface
coverage valued. Ind2 molecules adsorb on the carbon steel sutfaceigh chemisorptions interaction with the

carbon steel surface. The negative values of fneegy of adsorptioAG, ., suggest the spontaneous adsorption of

Ind2 on the carbon steel. Polarization studiesaktiat Ind2 acts as a mixed type inhibitor. Thdazie adsorption
of the used inhibitor led to a reduction in the bleulayer capacitance as well as an increase ichhege transfer
resistance. The inhibitor efficiencies determingathemical and electrochemical methods are in gmpdement.

o
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