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ABSTRACT

The Corrosion inhibition of a inhibitor namely Coraplex of 1-(8-hydroxy quinolin-2yl-methyl) ureau¢@UF) in
controlling corrosion of mild steel immersed in agus solution containing 60 ppm Clas been investigated using
weight loss method. The corrosion inhibition effiey offered by 50 ppm of Cu-HUF is 80 %. The ciom
inhibition was observed due to the formation of enstable and compact protective film on the metsfase.
Fluorescence spectral analysis was used to detecptesence of iron-inhibitor complex. Polarizatistudy and
Electrochemical Impedance spectra confirm the fdiomeof a protective film formed on the metal sugfa
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INTRODUCTION

Metal complexes are widely used as catalyst of at@meactions, e.g. Oxidative dehydrogenation (QDBHethane
and epoxidation of geraniol [1-8hd as stabilizer or precursor in sol-gel procg¢4sgls They are used in polymeric
coatings as stabilizer of cross linking reactioly £atalyst of drying process [8-9] and toughenémgnt [10]. Very
few works have been performed to study anticoreodiehavior of metal complexes. Harms et al[11] psed
corrosion inhibition through precipitation of Fg(lphosphate and Fe(lll) phosphate in presence d¢filfe
acetylacetonate and Fe(ll) acetylacetonate respégti Palladium acetylacetonate is suggested agffattive
corrosion inhibitor for water cooled nuclear reafta]. It is reported that palladium acetylacet@endecomposes
and deposits palladium on the oxide surface. Certarbium, praseodymium acetylacetonate compleresised to
design non-toxic corrosion protection pigments3itetaction of transition metal complexes with mdtkel is
greatly affected by their standard electrode pdaenttheir reactivity and the nature of the ligahdt could stabilize
the metallic complexes. Reduction of Cu (ll) and (@pspecies on mild steel surface is possible gutheir noble
standard electrode potential compared to Fe (Iwéler, it should be noted that negative charggantis like
nitro, thiocyanate, Oxalato, glucinato and acegfanate could stabilize the higher oxidation stqied. Hence
reduction of Cu (Il) and Co (Il) on the steel sadacould be affected by the ligands surrounded tlieis reported
that sodium, zinc and calcium salts of gluconidamuld provide an effective corrosion inhibitiar the mild steel
immersed in near neutral media [15-18]. The efiectess of gluconates on the anodic metal dissolugaction
and the cathodic oxygen reduction reaction in mésiolution depends on the inhibitor concentratiod the nature
of cations introduced in the solution as a glucersdlt [19]. Electrochemical impedance spectrosd&i$) as
powerful non destructive test could be used toaextelectrochemical parameters involved in cormgoocess.
Extracted parameters are useful to evaluate comgsiotection performance of inhibitors, organic anorganic
coating [20-23]. Most of these organic compoundstaio nitrogen, sulphur, oxygen, and multiple bomighe
molecules which are adsorbed on the metal surfaddt®e organic compound [24]. The aim of the presenk is
to evaluate corrosion inhibitive performance of pepcomplex of 1-(8-hydroxy quinolin-2yl-methyl)aa to mild
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steel immersed in aqueous solution containing 6@ @b. The corrosion inhibition efficiency was evaluateging
weight loss method and electrochemical impedaneetsgscopy. The protective film formed on the metatface
characterized with the help of surface analytieahhiques such as fluorescence and UV-Visible spsmtpy.

EXPERIMENTAL SECTION

2.1. Mild steel specimens
(0.0261% S, 0.069% P, 0.4 % Mn, 0.1 % C and theiren ) of dimensions 1.0 cm x4.0x0.2 cm weragbeld to
mirrors finish and degreased with acetone and teweight loss method.

2.2. Weight loss method

Mild steel specimens triplicate were immersed i@ bl beaker containing 100 ml of aqueous solutiont&ining
60 ppm of Cl containing various concentrations of the Cu compuie 1-(8-hydroxy quinolin-2yl-methyl) urea -
inhibitors for one day. After one day immersion gpecimens were taken out, washed in running wdtergd and
weighed using a Shimadzu balance, model AY62.

The corrosion inhibition efficiency (IE) was calatéd using the equation:
IE = 100[1-(wg-w4)] %
Where w is the corrosion rate in the absence of inhikdted vy is the corrosion rate in the presence of inhibitor

2.3.Potentiodynamic Polarization study

Polarization studies were carried out in a CHI wetehemical workstation with impedance model 643istin,
USA. A three electrode cell assembly was used. Wiwking electrode was mild steel. The exposedaserfarea
was 1 cr. A saturated calomel electrode (SCE) was usebeseference electrode and a rectangular platimiim f
was used as the counter electrode. The resultsasuthfel slopesgd, E.or and LPR values were calculated.

2.4. AC impedance spectra

The instrument used for polarization study was aksed for AC impedance spectra. The cell set upthesame as
that was used for polarization measurements. Talepat (Z') and the imaginary part (Z”) of thelcampedance
were measured in ohms at various frequencies. Atedance spectra were recorded with initialgy EOV, high
frequency limit was 1xTHz, low frequency limit was 1 Hz, amplitude =0.008¥%d quiet timegt2 s. The values
of charge transfer resistancedRd the double layer capacitancgviere calculated.

Ca= ¥2nR{f max
Where fax is maximum frequency.

2.5. Surface Characterization studies

The mid steel specimens were immersed in varioss delution for a period of one day. After one dhg
specimens were taken out and dried. The naturdeffilm formed on the surface of the metal specimes
analyzed by various surface analysis techniques.

2.6. Surface analysis by fluorescence spectroscopy
Fluorescence spectra of solutions and also thes filrmed on the metal surface were recorded usiagodF-6300
spectra fluorometer.

2.6. Surface analysis by UV-Visible spectroscopy
UV-Visible spectra were recorded in a Cary Eclig'seian (Model U.3400) spectrophotometer.

RESULTSAND DISCUSSION
The corrosion rates (CR) of mild steel immerseddgueous solution containing 60 ppm &hd also inhibition
efficiencies(lIE) in the absence and presence abitan Cu complex of 1-(8-hydroxy quinolin-2yl-meth urea

obtained by weight loss method are given in Tahldt s observed from Table-1 that Cu-HUF shows %0
inhibition efficiency.
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Tablel. Corrosion rates (CR) of mild steel immersed in an aqueous solution containing 60 ppm CI™ in the presence and absence of Cu-
HUF inhibitor systemsat various concentrations and theinhibition efficiency (IE %) obtained by weight loss method

Cl [Cu-HUF| CR | IE
(ppm) | (ppm) | (mdd) | (%)
60 0

34.55 -
60 50 6.91 80
60 100 8.98 74
60 150 10.36 70
60 200 12.78 63
60 250 14.51 58

Analysis of Polarization Curves

The polarization study has been used to investitidormation of protective film on metal surfd@&-29]. The
polarization curves of mild steel immersed in agigesolution containing 60 ppm of @re shown in Figure 1. The
corrosion parameters such as Corrosion potentig)(ECorrosion Current density.{l,, Tafel slopes (pand k) and
linear polarization curves (LPR) are given in Table
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Figure 1. Polarization curves of mild steel immersed in varioustest solutions: a) Mild steel immer sed in aqueous solution containing
60ppm of CI” b) Mild steel immersed in 60ppm of CI” + 50 ppm of Cu- HUF

Table 2. Corrosion parameters of mild steel in aqueous solution containing 60 ppm of CI" in the absence and presence of Cu-HUF
inhibitor obtained by polarization method

ECOTI' ICOI’T ba bc LPR
Systems (mV vs SCE)| (Alcm?) | (mVidec) | (mVidec) | (ohm cnf)
60 ppm Cl —472 1261x 10| 124 187 25.74
60 ppm Ci+ 50 ppm Cu-HUF - 487 9.273x14 084 125 237.7

When mild steel is immersed in aqueous solutiortainimg 60 ppm of Cl, the corrosion potential is -472 mV Vs
SCE. The formulation consisting of 50 ppm of Cu-Hfifts the corrosion potential to -487 mV Vs SQEhows
that the corrosion potential is shifted to negatside. This suggests that the cathodic reactiopoistrolled
predominantly.

The corrosion current density value and LPR vatueafjueous solution containing 60 ppm ofa®é 1.261 x 18 A
cm? and 25.74 ohm chrespectively. For the formulation of 50 ppm of CWF the corrosion density value has
decreased to 9.273 x 1@ cm? and the LPR value has increased from 25.74 ohfmt@@37.7 ohm cf The fact
that the LPR value increases with decrease in smmocurrent density indicates the absorption efitthibitor on
the metal surface to block the active sites anibinhborrosion and reduce the corrosion rate wikh formation of a
protective film on the metal surface.

Table2. The AC impedance spectra of mild steel immer sed in aqueous solution containing 60ppm of ClI” in the absence and presence of
Cu-HUF inhibitor system

R Cal Impedance, Log
Systems Q cn? F cm? (Z ohm?)
60 ppm Ci 20.19 | 5.235x 10 0.973
60 ppm CI+ 50 ppm Cu- HUF| 182.11 5.804 x"( 1.944

AC impedance spectra
AC impedance spectra [electrochemical impedancetisjehave been used to confirm the formation aftgetive
film on the metal surface [30-33]. The AC impedaspectra of mild steel immersed in aqueous solut@rtaining
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60 ppm of Clin the absence and presence of inhibitors are shiowig.2( Nyquist plots) and Fig.3 (Bode plots).
The impedance parameters namely charge transfistamse (R double layer capacitance {Cand impedance
Ig(z/lohm) are given in Table-3. If a protectivanfiis formed on the metal surface, \Rilue increases and thg C

value decreases.

When mild steel is immersed in aqueous solutiortaining 60ppm of CJ R, value is 20.192 cnf and G value is
5.235 x 1¢ F cm®>. When Cu-HUF are added to the aqueous solutiomazong 60ppm of CIR; value increases
from 20.19Q cnf to 182.11Q cnfand the G value decreases from 5.235 x°1cm? to 5.804 x 10 F cm?. The
impedance value increases from 0.973 to 1.944. at¢isunt for the high inhibition efficiency of CuJf system
and a protective film is formed on the metal sugfathis is also supported by the fact that forittébitor system

the phase angle increases from 47.88 to 62([E{y.3).
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Figure 2.AC impedance spectra (Nyquist plots) of mild steel immersed in various test solutions a) aqueous solution containing 60ppm of
ClI". b) aqueous solution containing 60ppm CI"+ 50 ppm Cu-HUF
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Figure 3a. AC impedance spectra (Bode Plot) of mild steel immersed in agueous solution containing 60ppm of CI°

Fig 2a & 2b shows the Nyquist plots of mild steemersed in an aqueous solution containing 60pp1@loand
aqueous solution containing 60 ppm €b0 ppm Cu-HUF respectively. The impedance spesthibit one single
depressed semicircle, which indicates that theos@n of mild steel is mainly controlled by a chargansfer
process. When comparing with the blank solutior, shape is maintained uniformly, indication thah@st no
change in the corrosion mechanism occurs due tanttibitor addition [34]. These semicircles arefpet which
can be attributed to the frequency dispersion eféeca result of the roughness and homogeneoutediae

surface[35].
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Figure 3b. AC impedance spectra (Bode Plot) of mild steel immersed in solution containing 60ppm of Cl” + 50ppm of Cu- HUF

Electrochemical impedance spectra of the inhibdtgstems were analyzed using the equivalent cidiagram 4

which represents a single charge transfer reaetah fits well with our experimental results,, Represents the
charge transfer resistance whose value is a meadusdectron transfer across the surface and igrsely

proportional to corrosion rate [36]. The equivaleincuit diagram for the corroding system is shawrigure 4.
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Analysis of the UV-Visible spectra

The UV-Visible absorption a spectrum of an aquesmlation containing HUF is shown in figure 4. A gesppears
at 350 nm. When Eé&solution is added to the solution the intensitytef UV-Visible spectra increases at 590 nm.

This peak is due to formation of £¥HUF complex in solution 37-38].
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Figure 4a.UV-absor ption spectrum solution containing Cu-HUF
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Figure 4b.UV- absor ption spectra solution containing HUF-Fe*

Fluorescence spectra

The emission spectrum; 300nm) of solution containing HUF-Eesolution is shown in Figure 5a. A peak
appears at 350nm. This is due to HUB!Rmmplex formed in solution. The emission spectafrthe film formed
on the metal surface after immersion in solutiontaming 50 ppm of Cu-HUF is shown in figure 5b.nde it is
concluded that the protective film consists of HB&? complex. The number peak obtained is only one ceéinis
confirmed that the complex of somewhat highly syrriaén solution [39].
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Figure 5. a)Fluor escencespectrum of Cu-HUF solution b) Fluorescence spectra of solution containing HUF-Fe&** complex

It is proposed that oxygen atom of phenolic grond aitrogen atom of pyridine ring have coordinawéith F&*
formed on the metal surface. The structure of éselting HUF-F& complex is shown in figure 6.
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Figure 6. Structure of Fe** complex
This view is in agreement with the structure praabby Albrecht et al. for zinc complex [40].
CONCLUSION

The conclusion drawn from the results may be gagnthe formulation consisting of 50 ppm of Cu-Hhds 80%
inhibition efficiency. Polarization study sugge#iat cathodic reaction is controlled predominanflZ. impedance
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spectra reveal that a protective film is formedtlom metal surface. Fluorescence and UV-Visible tspeshow that
the protective film consists of HUF-Eecomplex formed on metal surface.
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