Available online at www.pelagiaresearchlibrary.com

Pelagia Research Library

Der Chemica Sinica, 2014, 5(6): 56-63

Library
ISSN: 0976-8505
CODEN (USA) CSHIAS

Inhibition and co-adsorption behaviour of Alkylbenzyldimethylammonium
chloride on carbon steel in potable water system

T. Asokan', M. Sekar’, C. Thangaveld, R. Sudhakaran' and T. Kasilingan?

PG & Research Department of Chemistry Gowt. Arts College, Tiruchirappalli, TN, India
PG & Research Department of Chemistry, Periyar E. V. R. College (Autonomous), Tiruchirappalli, TN, India
Department of Chemistry, Gowt. Arts College for Women, Nilakkottai, Dindugul, TN, India

ABSTRACT

The synergistic inhibitory action of Alkylbenzyldimethylammonium chloride and zinc ion on the corrosion inhibition
of carbon steel in potable water distribution system has been analyzed using Tafel polarization curves, Nyquist
impedance plots, scanning electron microscopy (SEM) and weight loss method. The obtained results indicated that
the studied inhibitor formulation were good inhibitor. A synergistic effect was also observed for the studied inhibitor
formulation.
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INTRODUCTION

Carbon steel is employed widely in most industiiedue of low cost and its availability in ease foe fabrication
of various reaction vessels such as cooling toaeks, pipelines, etc. Fouling and corrosion aretweimportant
operational discrepancies in heat exchangers asatiased cooling water system pipelines. The problénclude
flow blockage of pipes, pipe punctures and unaat#etcorrosion rates of the system componentscéiatrolling

fouling and corrosion, continuous addition of intobs as well as the addition of biocides every kveeonce in a
fortnight is explored. Hence, the phenomenon alying the effect of inhibitors and biocides is guissential.

Corrosion in potable water systems may be causeddthgr in inherent factors or design, constructiomperational
deficiencies. Most materials used potable watetesys are susceptible to corrosion. The properfi¢geomaterial
and the composition of the water are interactivih@éoccurrence or inhibition of the inherent ceion.

Corrosion susceptibility is also influenced by tmany other factor including temperature, local floste, pH,
alkalinity, carbon dioxide, dissolved solids, mireti'emical constituents of either the water or ading materials.

Cast iron pipes have been used to transport poveditier for over 500 years [1] and iron pipe cowashas been a
problem for just as long. The American Water WoAssociation (AWWA) estimates that it will cost USater
utilities $325 billion over the next 20 years togupde water distribution systems [2]. This AWWAuw&lis built on
the U.S. Environmental Protection Agency (USEPAlineste of $77.2 billion for service and replacemeifit
transmission and distribution system lines oventiet 20 years [3].

The majority of distribution system pipes are cosgab of iron material: cast iron (38%), ductile ir@2%), and
steel (5%) [4]. Moreover, a 1997 survey of the Id0§est American Water Works Association ReseamimBation
(AWWARF) member utilities found that “the most commdistribution system problem is corrosion of dash

pipe [5].
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Corrosion of iron pipes in a distribution systenm cause three distinct but related problems. Ryipg mass is lost
through oxidization to soluble iron species or #maring scale. Second, the scale can accumuldaegastubercles
that increase head loss and decrease water capaciafly, the release of soluble or particulatmicorrosion-by-
products to the water decreases its aesthetictgaald often leads to consumer complaints of “redew at the tap.
The water industry must be concerned with all troééhese aspects of corrosion. The presence ofidkl ions,
solely or mixed with some other ions, in the neamytral agueous solutions may provoke very dangeiacalized
corrosion of various iron alloys [6-9]. Effectivercosion inhibitor in combination with metal iorikd Zr#*[10-13].
The present work was designed to study the comogithibition of carbon steel in potable water by
alkylbenzyldimethylammonium chloride and zinc ioas corrosion inhibitors using three different tegnes:
weight loss, electrochemical studies and scanniectren microscopy, hoping to get some generalsdeaguide
the composing of inhibitor in reality.

MATERIALS AND METHODS

Materials

The composition of carbon steel used for corrogidribition studies was (Wt %): 0.026% S, 0.06% R% Mn,
0.1% C and balance being Fe. The specimens ofls@mmx4.0cmx0.2cm were press cut from the carbeal st
sheet, were machined and abradéth a series of emery papers.

This was followed by rinsing in acetone and bitlesti water and finally dried in air. Before any exjment, the
substrates were treated as described and freshigd uwith no further storage. The inhibitors
alkylbenzyldimethylammonium chloride, Znions were used as received. A stock solution oBOpPm of
alkylbenzyldimethylammonium chloride was prepared bidistilled water and the desired concentratioasw
obtained by appropriate dilution. The concentratiéralkylbenzyldimethylammonium chloride used fbe tstudy
ranges from 10 to 150ppm. All solutions were predausing potable water (Tiruchirappalli, Tamil Nadidia).
The study was carried out at room temperature.mblecular structure of alkylbenzyldimethylammonighioride

is given in Fig 1.
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Figure 1. Molecular structure of Alkylbenzyldimethylammonium chloride(ABDAC)

Weight - loss Measurements

The freshly prepared carbon steel specimens wesgesded in 150ml beakers containing 100ml of tekttisn
maintained at room temperature with the aid of glasds and hooks. The weight loss taken was tHerdifce
between the weight at a given time and the origiveaght of the specimens. The measurements weredaut for
the uninhibited solution and the solution containBDAC and ABDAC - ZA" mixture. Weight loss experiments
were performed for the duration of seven days. §gecimens were immersed in triplicate and the geecarrosion
rate was calculated. These uncertaintieR8D for three replicate measurements were lessS#@nrhe corrosion
rates (&) were determined using the equation:

ol.b Xw
atD

M
CR(—) =
:!l:'

where
w = corrosion weight loss of carbon steel (mg)
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a = area of the coupon (ém
t = exposure time (h)
D = density of the carbon steel (g &mn

The inhibition efficiency (IE) of ATMP - Zfi mixture was calculated by using the following etipra

Cp. -C
UE= — = ® 100

Cko

where
Cro = corrosion rate of carbon steel in the absendehibitor
Cgi = corrosion rate of carbon steel in the presefdehibitor

Electrochemical studies

Both the potentiodynamic polarization studies afetteochemical impedance spectroscopic (EIS) studiere
carried out using the electrochemical workstatioodei CHI- 760d and the experimental data were aeal\by
using the electrochemical software (Version: 1202%. The measurements were conducted in a coivettihree
electrode cylindrical glass cell with platinum dftecle as auxiliary electrode and saturated calatesdtrode as
reference electrode.

The working electrode was carbon steel embeddegaxy resin of polytetrafluoroethylene so that filaé surface

of lcnf was the only surface exposed to the electrolytee Three electrodes set up was immersed in control
solution of volume 100ml both in the absence arebg@nce of the inhibitors formulations and allowedattain a
stable open circuit potential (OCP). The pH valoéghe solution were adjusted to 7.0 and the sohgtiwere
unstirred during the experiments.

Polarization curves were recorded in the poteméinfe of -750 to -150 mV with a resolution of 2nThe curves
were recorded in the dynamic scan mode with a ss@nof 2mVS in the current range of -20mA to +20mA. The
Ohmic drop compensation has been made during tidéest The corrosion potential (), corrosion current gy,
anodic Tafel slopepf) and cathodic Tafel slop@J were obtained by extrapolation of anodic and a@dith regions
of the Tafel plots. The inhibition efficiency ({Evalues were calculated from thg.lvalues using the equation.

IE (%) = x 100

Where Lo and i are the corrosion current densities in case ofroband inhibited solutions respectively.

Electrochemical impedance spectra in the form ofjNist plots were recorded at OCP in the frequeacge from
60 KHz to 10MHz with 4 to 10 steps per decade. Wesivave, with 10mV amplitude, was used to pertind t
system. The impedance parameters viz., chargefaranssistance (&, double layer capacitance {Cwere
obtained from the Nyquist plots. The inhibitioniefncies (IE) were calculated using the equation,

1-E

IE,(Ya) = x 100
RP

ot

Where R, and R are the charge transfer resistance values inttsenae and presence of the inhibitor respectively.

Scanning Electron Microscopy

The surface morphology of the corroded steel samsptéace in the presence and absence of the iatshitas
studied using SEM (Model: TESCAN vega3 USA). Todstuhe surface morphology of carbon steel, polished
specimens prior to initiation of any corrosion @t, were examined in optical microscope to find any surface
defect, such as prior noticeable irregularities kikacks etc.
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Only those specimens, who had a smooth pit-freéasey were subjected to immersion. The specimens we
immersed for 24h at 3Q. After completion of the tests specimens wereahghly washed with bidistilled water
and dried and then subjected to SEM examination.

Energy Dispersive Analysis of X-ray (EDAX)

EDAX (Model: BRUKER Nano Germany) system attachethwScanning Electron Microscope was used for
elemental analysis or chemical characterizatiorthef film formed on the carbon steel surface. Asype tof
spectroscopy, it relies on the investigation of glenthrough interaction between electromagnetidatamh and the
matter. So that, a detector was used to convegyXenergy into voltage signals. This informatiosést to a pulse
processor, which measures the signals and passexditto an analyzer for data display on the anslysi

RESULTS AND DISCUSSION

Weight loss measurements

Alkylbenzyldimethylammonium chloride and Znwere tested and their corresponding weight losa dee shown
in Table 1. The corrosion rate is decreased mayl@din by the increases in inhibitor concentratidie corrosion
rate decreased considerably with an increase ineraration of ABDAC and reached the maximum valuéhie
(5ppm Zrii* + 150ppm ABDAC) inhibitor formulation has 72% ibftion efficiency. 5ppm of Zfi alone has 8%
(I.E) and 150ppm of ABDAC alone has 22% (l.E) aothbined with these two get 72% inhibition efficigrtbis
increased I.E due to the synergism.

Table 1. Corrosion Inhibition efficiency of carbonsteel in potable water system in the absence andgsence of inhibitor formulation
obtained by the weight loss method

Cozr1n(:2?ntrat|onAchE£)8m) Corrosion rate (mmy™) | Inhibition efficiency (%)

Blank - 311.1 -
5 - 283.9 8
5 10 342.2 -10
5 25 297.5 4
5 50 264.4 15
5 75 219.7 29
5 100 161.4 48
5 125 124.4 60
5 150 87.51 72
- 150 243.0 22

Potentiostatic polarization technique
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Fig 2. Tafel plots for carbon steel immersed in thabsence and presence of inhibitor formulation obtaed by polarization measurements

Potentiodynamic polarisation parameters of carlteel smmersed in potable water for all four systearesgiven in
Table 2and the corresponding polarisation curves are shiowfig. 2. Addition of 5ppm of Zii to the blank
solution, the corrosion potential were shifted aoels cathodic region, 150ppm of ABDAC to the blapkution, the
corrosion potential shifted towards the cathodigior and 5ppm of Zi + 150ppm of ABDAC to the blank
solution. The corrosion potential towards the aoadgion according to Ferreira and W.H. Li if thepllacement in
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corrosion potential is more than 85mV with resgedhe corrosion potential of the blank, the intabican be seen
as cathodic or anodic type [14-16]. The maximunpldisement was < 49mV which indicated that the stlidi
inhibitor and the effect is more evident at highencentrations. These results suggest that théestdiormulation
can be classified as mixed type inhibitor. Thelditor formulations control the both anodic and cdtie reaction.

From the polarisation curves, the corrosion curdemtsity (.;) was determined by Tafel extrapolation method. The
corrosion current density was decreased considenalthe presence of inhibitor. Inhibition efficeymwas 71.57%.
Zn** +ABDAC may attributed to the increased electromsity leading to electron transfer mechanism from
functional group to metal surface, producing greatordinate bonding with a greater adsorption andbitor
efficiency. Similar explanation has been soughttbatclassical work of Khamis and Atea [17].

Table 2. Corrosion parameters for carbon steel immesed in the absence and presence of inhibitor formation obtained by potentiostatic
polarization technique

Concentration (ppm) Tafel parameters

IE,
ATMP Zn% mVE/CsU"SCE lcor Alcm?x10° | . mV/decade | p. mV/decade | (%)
Blank - -579 1.583 201.2 198.6 -
- 5 -602 1.475 186.0 218.5 6.82
150 - -590 1.275 203.4 183.1 19.45
150 5 -530 0.450 163.7 202.5 71.57

Analysis of impedance spectra

Impedance spectra for the inhomogeneous films emrtétal surface or rough and porous electrodesuiliypglot is
shown in Fig 3n the absence and presence of inhibitor solufidre impedance spectra were characterised by two
slightly distorted capacitive loops behaviour, anéigh frequency and the other at low frequency.
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Fig 3. Nyquist plots of carbon steel immersed inarious test solutions

Deviations from the ideal semicircles can be atted to the inhomogenities of the surface as wellae to mass
transport process [18]. Charge transfer resistaarm the double layer capacitance were calculaterh fihe
equivalent circuit fitting (Fig 4) of the Nyquistlgl. Charge transfer resistance increased with itiébitor
formulation and became approximately three timeghdr than the blank value. The increased in chaayesfer
resistance and the decrease of double layer capeeitwere attributed to the enhanced adsorptidheoinhibitor
molecule on the metal surface [19,20]. Increasedhiarge transfer resistance resulted in the dexrefsnetal
dissolution reaction. Charge transfer resistai@, (double layer capacitanc€{) and inhibition efficiency were
calculated from the equivalent circuit fitting dfet Nyquist plot are shown in Table 3. The decréaske Cy value
in the presence of inhibitor and biocide show tbgetage of metal surface with reaction product teault in
decrease double layer thickness [19]. Increasegbailarisation resistance resulted in the decreasenetal
dissolution reaction.

Scanning electron microscopy

SEM images provides a supported the adsorbed filim the carbon steel surface. To know the natutbeoburface
film in the absence and presence of inhibitors tnedextent of corrosion of carbon steel, the SEMges of the
surface are examine.
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Rct

Fig 4. Nyquist curves equivalent electrical circuit

Table 3. Electrochemical impedance parameters foracbon steel immersed in the absence and presenceimifibitor formulation obtained
by A.C. impedance spectra

C(;r_]rc'\ir';tratlon é‘;\pﬂ‘) Charge Transfer Resistance R(Q) | Double layer capacitance Cdl CPE (UF/cR) | I.Eim (%)
Blank - 350.09 2.543 -
- 5 375.61 2.108 6.79
150 - 433.14 1.698 19.17
150 5 1213.54 0.209 71.15

Scanning electron microscopy
SEM images provides a supported the adsorbed filim the carbon steel surface. To know the natutbeofurface
film in the absence and presence of inhibitors #edextent of corrosion of carbon steel, the SEMdes of the

surface are examine.
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Fig 5. SEM image of A) Polished carbon steel surfa B) After immersion of potable water system (blak) C) After immersion of solution
containing (5ppm Zr#* + 150 ppm ABDAC)

The SEM images of polished carbon steel surfadeéidgrbA show the smooth surface of the metal. Thswsthe
absence of any corrosion products or inhibitors mlesn formed on the carbon steel surface. The SEkpen of
carbon steel surface immersed in potable watergrbB show the many holes in metal surface, faiithe metallic
properties and roughness of the metal surface whutibates the corrosion of carbon steel in potadéer. Fig.5C
show the SEM images of the carbon surface immeirsgmtable water containing 5 ppm of Zn+ 150 ppm of
ABDAC creates a thin adsorbed film, which inhikdtwbon steel dissolution in potable water distidrusystem.
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Energy dispersive X - ray analysis
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Fig 6. EDAX spectrum of A) Polished carbon steel BAfter immersion of potable water (blank) C) After immersion of solution
containing (5ppm Zr#* + 150 ppm ABDAC)

It is significant to take into consideration thergentage of the elements present on the surfateeatarbon steel
surface. The EDAX spectrum of polished carbon staeiple shows good surface properties (Fig 6A).(6B) the

presence of the peaks of O and Fe is indicatefth@ation of iron oxides and other corrosion pradudformed onto
the carbon steel surface. Fig. 6C the peak appear@dH, N, Cl and Zn are present in the inhibftsmulation due
to confirm the adsorbed film onto the metal surfand suppressed metal corrosion rate.

CONCLUSION
Alkylbenzyldimethylammonium chloride inhibit the rwosion of carbon steel in potable water distribnitsystem.

> ABDAC — Zr?* exhibits excellent synergism in the corrosion afton steel in potable water distribution system
by weight loss measurements.

» From the corrosion point view, ABDAC with zinc ioasts as good-mixed type inhibitor system.

» Binary inhibitor system is found to affect bottethnodic and cathodic processes and its inhibiifiniency
increases with the inhibitor concentration and gagdeement in weight loss, polarization studies iampkedance
spectra.

» The formulation consisting of 5 ppm of Zrand 150 ppm of ABDAC had 72% corrosion inhibitifficiency.

» Corrosion inhibition may arise from the formatioihprotective film consists of Fe—ABDAC complex.

» The low Cdl value obtained in the presence of inhibitor falation indicate the formation of thicker inhibitor
film on the metal surface.

»SEM and EDX studies supported the surface adsdiibedformation over the surface of carbon steelthg
inhibitor formulation.
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