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ABSTRACT

In the present study L-Arginine was used againstdbrrosion of copper in 0.5M HNGolution are made using
potentiodynamic polarization, electrochemical imgece spectroscopy and weight loss techniques. @$dts of
potentiodynamic polarization techniqgue showed tihat protector is mixed type. Data obtained from eagmnce
spectra were analyzed with model inhibition procéssugh appropriate equivalent circuit models. Tdqeantum
chemical calculations explain the good protector_eArginine on the copper surface and enhance ttébition
efficiency. Simple approach was developed for geimey hydrophobic surface modification of copperduced by
the lotus effect in which water droplets falling ttve leaves bead up and roll off, copper immerse@ 5M HNQ in
the presence of L-Arginine was attempted to créstdrophobic surfaces. However, the water contagjlermmn
presence of protector was found to be 142° + 4°enghs in the case of copper, it was 85° + 2°. Aailied
description of the modified hydrophobic surfac®i8M HNQ on copper is presented in this article.

Keywords: Quantum chemical calculations, Water contact arigllectrochemical studies and Surface studies

INTRODUCTION

Copper is one of the most essential metals owingstbuge industrial applications, such as eleatyretc. It is
commonly a relatively noble metal; however, it isseptible to corrosion by acids and strong alkatplutions,
especially in the presence of oxygen or oxidantgpp@r is one of the most significant nonferrousamals [1, 2]. In
the pH range between 2 and 5, the dissolution oisGaery rapid, and the formation of a stable stefaxide layer,
which can passivate metal surfaces, is hinderedae surface layer can only be formed in weakl acialkaline
solutions. The behaviour of Cu in acidic mediaxteasively investigated and several schemes hase peesented
for the dissolution process [3-7].

Furthermore, copper and copper-based machinerybmaleployed in service environments where they gayin
contact with acid solutions or fumes [8-10]. To imize the metal dissolution under such conditioseyeral
approaches have been exploited [11-13]. Among treosion protection methods available, the use rgaiic
inhibitors has proved to be effective and efficifiM-18]. The use of polymers (natural and syntheds organic
inhibitors for metal corrosion in aggressive enmirents has received much attention recently [19-G2herally,
polymers form elastic films when in solution. Adibitors, they films get adsorbed on the metalazefand form
protective barrier to corrosive environments, thgreeducing the corrosion susceptibility of the aheturface [19,
29]. Consequently, the service life of the metadrislonged. Reports show that the inhibitive prdipsrof polymers
are owing to the presence of hetero-atoms sucltragen, N; sulphur, S oxygen, Oand aromatic rings as well as
n electrons in their structures.

Amino acids are attractive as corrosion inhibiftoesause they are relatively easy to produce wgh purity at low
cost and are non-toxic, biodegradable and complesiuble in agueous media. Generally, amino ab@se two
polar groups, namely, one amino group and one ggtlgyoup. It can coordinate with metals through ttitrogen

37
Pelagia Research Library



V. Palanivel et al Der Chemica Sinica, 2015, 6(9):37-45

atom and oxygen atom of the carboxyl group. Itleen shown by a number of investigators that sameaacids
can act as corrosion inhibitors, which has gendrate increasing interest in these compounds [3348Tas the
ability to control the corrosion of a wide variaty metals such as pure iron, carbon steel, zintg steel, nickel,
copper, lead, aluminum and tin. It behaves as s@mmoinhibitor in acid medium, neutral medium anddeaerated
carbonate solution. The main objective of the prestudy is to investigate the protectory effedtthe L-Arginine
in the corrosion protection of copper in 0.5M HNGing electro chemical methods. Surface analyteginiques
were also used to investigate the nature of thiaceifilm. The electronic and molecular structuf@mtector will
be investigated using density functional calculadio

MATERIALS AND METHODS

Materials

The specimens of size 1.0cmx4.0cmx0.1cm were prgssom the copper sheet, were machined and athraitb
a series of emery papers. This was followed byirgisn acetone and bidistilled water and finallyedr in air.
Before any experiment, the substrates were treasedescribed and freshly used with no further gardhe
protector L-Arginine was used as received. A steckition of 1000ppm of L-Arginine was prepared iditilled
water and the desired concentration was obtainecgdpropriate dilution. The study was carried outraim
temperature. The structure of L-Arginine is givarFig 1.
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Figure 1. Structure of L-Arginine

Electrochemical studies

Both the potentiodynamic polarization studies afetteochemical impedance spectroscopic (EIS) studiere
carried out using the electrochemical workstatiaydel CHI-660A and CHI- 760d and the experimentahdaere
analysed by using the electrochemical software gider 12.22.0.0).The measurements were conducted in
conventional three electrode cylindrical glass eelh platinum electrode as auxiliary electrode aadurated
calomel electrode as reference electrode.

The working electrode was copper embedded in epesin of polytetrafluoroethylene so that the flatface of

1cnf was the only surface exposed to the electrolybe fiiree electrodes set up was immersed in cosiotion

of volume 100ml both in the absence and presentieeahhibitors formulations and allowed to attaistable open
circuit potential (OCP).

Polarization curves were recorded in the potentiabe of - 750 to -150 mV with a resolution of 2nhe curves
were recorded in the dynamic scan mode with a sat@nof 2mVS-1 in the current range of -20mA to m20 The
Ohmic drop compensation has been made during tidéest The corrosion potential ¢f), corrosion current gy,
anodic Tafel slopepf) and cathodic Tafel slop@J were obtained by extrapolation of anodic and @dith regions
of the Tafel plots. The protection efficiency (PE@Jues were calculated from thg,lvalues using the equation.

Icorr - corr 104
(%) PE,=—— X

corr

Where L, and I, are the corrosion current densities in case ofroband inhibited solutions respectively.

Electrochemical impedance spectra in the form ofjiNist plots were recorded at OCP in the frequeacge from
60 KHz to 10MHz with 4 to 10 steps per decade. e sivave, with 10mV amplitude, was used to pertinbd t
system. The impedance parameters viz., chargeferamsistance (§,double layer capacitance {lCwere obtained
from the Nyquist plots. The protection efficienc{®&;,) were calculated using the equation,
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Rct - R'ct
(%) PEjy =———— X 100

ct

Where R; and R are the charge transfer resistance values inltbenge and presence of the inhibitor respectively.

Water contact angle

In order to evaluate the contact angle experimbntdie sessile droplet method was used. The sedsilplet was
rested on a horizontal substrate by a syringe.slibstrate was illuminated by a light source, arah th picture was
taken by using a high resolution camera (10.1 MpBONY camera). The image was processed by computer
software made for this purpose.

Atomic Force Microscopy (AFM)

Atomic force microscopy is a powerful method foe thathering of roughness statistics from a varétgurfaces.
This exciting new techniques that allows surfacbéamaged at higher resolutions and accuraciesdkhar before.
The protective films are examined for a scanned.afd-M is becoming an accepted technique of rougbne
investigation [38-41].AFM provided direct insighttd the changes in the surface morphology takirageplat
several hundred nanometers when topographical elsaoging to the initiation of corrosion and forroatiof
protective film onto the metal surface in the wighd without addition of inhibitors respectively.l Ahe AFM
images were recorded on a Pico SPM2100 AFM instnimperating in contact mode in air. The scan sfzall the
AFM images are 1&im x 15um areas at a scan rate of 0.20(Hz) lines per second

Quantum chemical calculation

The molecular structures of the titled molecule evgeometrical optimized using the density functiahaory
(DFT) method with B3LYP level and 6-31G(d,p) basét and Gaussian 03W package[42]. Gauss view 3qrog
has been used to construct optimized molecular geggrilOMO, LUMO energy distributions and HOMO-LUMO
energy gap [43, 44].

RESULTS AND DISCUSSION

Weight loss technique

The values of PE% and corrosion rate (rfjngbtained from weight loss method at different aamtration are
summarized in Table 1. It is observed from Figuréhat PE% increases with increasing the protezacentration

in 0.5M HNG; and shows a sharp increase in the protectiom;shwt@ached its maximum value at concentration of
300ppm and further increase in the protector camaton does not show any appreciable change ipitbiction
efficiency. This indicates that the protective effef protector is not solely due to their readgiwwith the nitric
acid. The protectory behaviour of the L-arginineiagt corrosion of copper can be attributed toatisorption of
protectors on the copper surface, which limits diesolution of the copper by blocking of its coiorssites and
hence decreasing the corrosion rate from 5.9520 Gumy™.

Table 1. Weight loss value of various concentratianof L-Arginine in 0.5M HNOj; solution

Conc. of L-Arginine | Weight loss | Corrosion rate | Protection efficiency
(ppm) (mg cni?) (mmy™) (%)
Blank 26.3 5.95 -
10 15.0 3.34 44
50 115 2.60 56
100 9.0 2.03 65
150 5.0 1.13 81
200 4.0 0.90 85
250 2.3 0.52 90
300 0.9 0.20 97
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Figure 1. Variation of protection efficiency for cqoper in 0.5M HNO;

Polarization Technique
The parameters obtained from electrochemical measemts such as corrosion potential,(E corrosion current
(lcor), @anodic and cathodic Tafel slopgs &ndp.) and protection efficiency PE% are given in Tahle
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Figure 2. Tafel polarization plots of copper (a) ®M HNO3 solution (blank) (b) 0.5M HNG; solutions with 300ppm L-Arginine

The observed &, values do not change in a regular manner fronbtéek value. This indicates that the protector
works through mixed mode of protection. It is olsofrom Figure 2, that Tafel curves are shifted kadly to
lower corrosion current density in the presencprofector (300ppm L-Arginine). The,), value decrease from the
blank value (5.107 to 0.183 x%)) this decrease in}, is an indication of increased protection efficigi(@6.4). The

Ba and B, slopes values equally shifted in the addition aft@ctor from the blank, which means the L-Arginine
molecule acts as a mixed type protector. In othende; both anodic and cathodic reactions of copfemtrode are
drastically reduced by L-Arginine compound [45].
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Table 2. Corrosion parameters for the corrosion otopper in 0.5M HNG; in the absence and presence of inhibitor formulatin obtained
from potentiodynamic polarization technique

Concentration of E Tafel parameters PE;,
B ) corr 2. 6 9
L-Arginine (ppm) mV vs SCE leor Alcm“x10° | B, mV/decade | B. mV/decade | (%)
Blank -192.1 5.107 125.5 70.7 -
300 -196.6 0.183 76.9 68.7 96(4

Electrochemical impedance spectroscopy
The impedance method provides information aboutctheosion protection process. Nyquist plots of papin
0.5M HNG; solution in the absence and presence of proté8@@ppm L-Arginine) is shown in Figure 3.
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Figure 3. Nyquist plots of copper (a) 0.5M HN@solution (blank) (b) 0.5M HNO; with 300ppm L-Agrinine
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The impedance spectra exhibit a small semicirckaiobd from blank, and the diameter of semicirderéases in
the presence of protector. The Nyquist plots dopresent perfect semi-circle, they show a depresagdcitive
loop in the high frequency range. These deviatiomfperfect circular shape, often known as frequeatispersion
was attributed to surface roughness and inhomotiesneif the solid surface. Moreover, the impedamsponse of
copper in 0.5M HN@medium alone has changed significantly after &ldivf the protector. The simplest fitting is
represented by Rundles electrical equivalent dsaused to fit the experimental results were asipusly reported
[46-47]. The interfacial double layer capacitan€g)(values have been estimated from the impedanee usihg
Nyquist plots by using the following equation.

1

f (-Zmax") = m

This decrease in £values also indicates the gradual replacementaiémw molecule by the adsorption of the
protector molecule on the metal surface, decreasiagnitude of metal dissolution [48]. The increas& from
92.10Q to 778.85Q value in the presence of 300ppm L-Arginine is tiu¢he formation of protective film on the
metal/solution interface. These observations suggiest the resistance toward charge transfer @matiis
responsible for corrosion protector process.

Table 3. Electrochemical impedance parameters foropper in 0.5M HNO; in the absence and presence of protector

Concentration of Charge Transfer Double layer I.Eimp
L-Arginine (ppm) | Resistance, R(Q) | capacitance, G CPE (uF/cnf) (%)
Blank 92.10 40.252 -

300 778.85 0.532 88.1Y
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Contact angle

Water contact angle technique analyzed the naturgettability, whether it's hydrophobic or hydrofibi Fig 4

shows copper surface immersed in 0.5 M HN&Dirface highly porous, more roughness (contagiea@v® + 2°) and
therefore, copper surface is getting hydrophiliture Fig 5 shows copper surface immersed in tlesqurce of
protector (300ppm L-Arginine); smoother surface egp(contact angle 140° + 4°) and therefore théasargets
hydrophobic nature. This result confirms the adsonpof a hydrophobic protective film onto the cepurface in
the presence of protector.

CA left; §4.3"
CA right: §7.5"

Fig 4. Water contact angle of copper in 0.5M HN@solution

CA left: 140.0"
CA right: 140.0°

Fig 5. Water contact angle of copper in 0.5M HN@with 300ppm L-Arginine

Atomic force microscope

AFM results of copper taken in the absence andepies of protector. In the absence of protector ARMges
clearly show a rough surface (maximum surface raagh 3.0um) due to rapid corrosion of copper iMO-BNO;
solution (Fig 6). In the presence of 300ppm L-Amgencopper is less corroded and a different surfacgphology
having comparatively smoother surface (maximumaggfroughness 0.90um) is observed in Fig7. A smooth
layer with a clearly different morphology is as esult of the formation of a protective layer by thdsorbed
protector.
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Fig 6. AFM images of copper surface immersed in 0/8 HNO; (blank)
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Fig 7. AFM images of copper surface immersed in 0/8 HNO 3 with 300ppm of L-Arginine
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Fig 8. Highest occupied and lowest unoccupied molder orbitals of L-Arginine obtained by B3LYP/6-31G(d,p) method
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Quantum chemical calculations

Quantum chemical calculations were performed tdaéxphe relationship between the molecular stmgcand the
protective action of the protector under study. &igresents quantum chemical parameters computedestudied
protector, namely energies of the highest occupietécular orbital (HOMO), lowest unoccupied molecubrbital
(LUMO) and energy gapAE = Euymo - Eiomo)- The HOMO in L-Arginine is localized mainly arodirthe -
framework, largely on nitrogen atoms and carboxglioup, which enhance electron donation from L-Ange to
the copper surface. Data in Fig 8 reveal that Li#irge has higher values for bothyro and Eomo and a tiny AE
= 1.6016 eV) value. A principal decrease in thergngap leads to easier polarization of the moke@uld greater
adsorption on the surface [49]. Thus, a tiXly in L-Arginine facilitates adsorption, and enhatke protection
efficiency.

CONCLUSION

The following main conclusions are drawn from thegent investigation.

1. L-Arginine has good protection efficiency foetborrosion of copper in 0.5M HNGolution.

2. All results obtained from weight loss techniqumglarization technique and electrochemical impedan
spectroscopy are in reasonably good agreementtavdssncreased protection efficiency with increggimotector
concentration.

3. Polarization technique showed that the investijgrotector acts as a mixed type protector orpeom 0.5M
HNO; solution.

4. Surface analysis using atomic force microscafyM) shows a significant morphological improvemenmt the
copper surface in the presence of protector.

5. Water contact angle showed the hydrophobicitynesof protective film on copper surface.

6. Quantum chemical calculations show that smd#l in L-Arginine facilitates adsorption and enharite
protection efficiency. These observations expldie good adsorption on the copper surface. Thisrétieal
calculation is good agreement with the experimemsilts.
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