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ABSTRACT

Plant extracts of Garcinia indicaChoisy, TerminaliebulaRetz.andCoriandrumsativumL.were investiydioe
their efficiency in inhibiting the corrosion of ahinum and 6063 aluminum alloy in sodium hydroxielium. The
techniques like weight loss and potentiodynamianmdtionwere employed. The inhibition was propotete the
result of adsorption of constituents of extract,ichhwas found to obey the Langmuir adsorption isoth The
inhibition was assumed to be the formation of agutive inhibitor layer formed on the surface oftenaal.

Keywords: aluminum, 6063 aluminum alloy, sodium hydroxi@sgrcinia indicaChoisy, Terminalia chebulRetz,
Coriandrumsativurh., weight loss, potentiodynamic polarization

INTRODUCTION

Aluminum has a wide range applications especiallyaérospace, household industry and is commonlg use
marine applications. This is because of the contiginaof unique properties like light weight, goodpsarance,
high mechanical strength, thermal and electricaldoativity.Pure aluminum is soft and has low temstrength,
and most of the time alloyed with other metals. Tygacal alloying elements of aluminum are coppeagnesium,
manganese, silicon and zinc. Aluminum alloys wittvide range of properties are used in engineerfngtires,
like aircrafts due to their high strength-to-weigtio [1].

Sodium hydroxide is used for alkaline cleaningkfiigy and etching of aluminum and aluminum allog$. it is
widely used for degreasing equipment used in tlog fiemdustry. Acidic or alkaline pickling treatmergenerally
applied at the beginning of surface treatmentsibltdrs are generally used to minimize the attatkhe metal by
acids or alkalis present in the pickling bath.

Now-a-days environmental issues related to theofiseme organic compounds have received globattatePlant
products are emerging as inexpensive, eco-frierdisrosion inhibitors and gaining rapt attention rofny
researchers [2, 3].
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MATERIALS AND METHODS

2.1 Materials and preparation of test coupons

The experiments were carried out with test coup@pecimens) of aluminum and 6063 aluminum alloye Th
compositions of both the materials are given inl&dh Cylindrical test coupons were cut from thdsand sealed
with epoxy resin. The areas of the metal expoedtié corrosive were 0.7 érfor aluminum and 1.0 chfor 6063
aluminum alloy. These test coupons were first pelisby emery papers of different grades (in thgeaof 600-
2000) and then followed by legated alumina paste polished test coupons were washed with doulstdled
water,degreased with acetone and thoroughly deéaré immersing into the corrosive.

2.2 Preparation of medium

Sodium hydroxide (Merck, Analar Grade) and doubstilted water were used for the preparation of med The
sodium hydroxide was standardized by volumetric ho@t by titrating it with standard potassium hydsng
phthalate using phenolphthalein indicator. Sodiymdrbxide solutions each of required concentrati@s M, 1.0
M, 2.0 M) were prepared freshly as and when reduieappropriate dilution of standardized stoclusohs.
Experiments were performed using calibrated thetat@ temperatures 3@, 35°C, 40°C, 45°C, 50°C (£0.5°C)
under unstirred conditions.

2.3 Preparation of inhibitors

2.3.1 Selection of plants and authentication

While selecting the plant materials, maximum imaonde was given for availability of plants in thedbarea, ease
of identification, non- toxicity and the cost. Liédure survey revealed th@&arcinia indiceChoisy, Terminalia
chebul&Retz.an€oriandrumsativurh. were not used as inhibitors for corrosion contb aluminum and 6063
aluminum alloy in phosphoric acid and sodium hydttexnedium. Selected plants and the seeds werergighted
by Botanist, Prof. V. AravindaHebbar, former H.O.Department of Botany, Bhandarkar’s college, Kunotap
Karnataka.

2.3.2 Plant profile

(i) Garcinia indica&Choisy

Garcinia indicaChoisy(kokum)belongs to the botanical family Cleusiae also known as Guttiferae.The genus
Garcinia contains 200 species out of which over 20 arefaaniehdia. Kokum is an evergreen tree predominantly
grown in the tropical humid rainforests ofWestertha® in South India up to an elevation of aroun® 80

metersGarcinia indicaChoisyaqueousextract, contains large amount ofigmbyenylatedbenzophenone derivatives
such as Garcinol and its colorless isomer, Isogatcin addition to this, fruits ofGarcinia indicaChoisy reported

to contain small amount of malic acid, polyphenalrbohydrates, anthocyanin, pigments and ascachil [4].

(i) Terminalia ChebulRetz.

Terminalia chebulaRetz. (Sanskrith: Haritaki, Kannada: Alalekaayige belongs to the gentigrminalig family
Combretaceae. The dried ripe fruits Bérminalia chebulaRetz are extensively used in ayurvedicamedicine
because of their homeostatic, laxative, diuretiardiotonic and antioxident activities [5]. Pripal active
constituents of fruits oferminalia chebulRetz.are tannins up to 30 %, chebulic acid 3-5Bépalinic acid 30 %,
tannic acid 20-40 %, ellagic acid, 2,4-chebupyB-glucopyranose, gallic acid, ethyl gallate, ¢&.

(iii) Coriandrumsativur.

CoriandrumsativumL. (Coriander) is a medicinal and culinary plambrfi the Apiaceae (also known as
Umbelliferae) family [7]. Coriander seed extrachisits antibacterial, antioxidant, anticancer amtirautagenic
activities. Major component of aqueous extract ofiander seeds consists of essential oils (0.294)0 The
essential oil mainly contains linalool (60-70 %)pinene (10 %)y-terpinene (9 %), geranyl acetate (4%) [8].

2.3.3 Preparation of aqueous extract of inhibitors

Seeds ofzarcinia indicaChoisy, Coriandrumsativuni. and fruits ofTerminalia chebuleRetz. were collected and
dried [9]. Dried seeds were grinded well. 10 g ofvdered sample was refluxed with 100 mL of digfileater for 3
h. The refluxed solution was kept overnight anchtfikered carefully. Filtratewas heated slowly @nwater bath to
remove water contents. After the evaporation dowlor powder was obtained.
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2.4 Weight loss method

Weight loss method was adopted to study the camoisihibition of green inhibitor in sodium hydroxidnedium.
The experiment was carried out at°8) by varying the concentrations of medium and iitbis. The experimental
solution was 100 mL of different concentrations safdium hydroxide in absence and presence of differe
concentrations of inhibitors. The initial weight thfe test coupon was noted and then it was contplietenersed
into the experimental solution for 2 h. After 2the test coupon was taken out, washed thoroughly distilled
water, dried and their final weight was noted te tiearest 0.0001 g using a digital analytical l=dgitizen CY
204). From the initial and final weights of thettesupons, the loss in weight was calculated.

2.5Potentiodynamic polarization (PDP) measurements

An electrochemical work station, (CH600D-seriesSUModel with CH instrument beta software) was used
perform electrochemical measurements. A converitimee-electrode compartment Pyrex glass cellmbBewas
used to conduct electrochemical measurements flJ0,The working electrode was aluminum or 6063 atumm
alloy specimens. A rectangular platinum foil wagdigs an auxiliary electrode to exert uniform ptiééron the
working electrode. Saturated calomel electrode (S®&s used as a reference electrode. Finely paligbst
coupons were exposed to sodium hydroxide solutibknown concentration, without and with inhibitoref
different concentrations at different temperatyB&°C to 50°C) and allowed to establish a steady-state openitirc
potential (OCP) for about 30 minutes. Test coupsere then polarized by the application of potérmtiédt of —250
mV cathodically and +250 mV anodically with respecthe OCP at a scan rate of 1.0 mV3he potentiodynamic
polarization plots (Tafel curves) were developedudianeously.

In all the studies, minimum of 3-4 trails were damel average of best three agreeing values waseepo

2.6 Effect of temperature and evaluation of kinetigparameters

The corrosion rates determined at various temperst{B0°C - 50 °C) by the potentiodynamic polarization method
were used for the determination of energy of atitiva(E.), enthalpy of activationAH") and entropy of activation
(AS").Energy of activationH,) was calculated from the Arrhenius equation [Ejthalpy of activationAH") and
entropy of activationAS’) were calculated using transition state equatl@j.[

2.7 Adsorption isotherms and determination of thernodynamic parameters

The adsorption of organic molecules takes pladihetmetal-solution interface. Adsorption of inhidsg depends
mainly on the charge acquired by metal surfacetric characteristics of metal surface, adsorptf solvent
and other ionic species, temperature of corrosivkan the electrochemical potential at solutiomiifatce [13, 14].
Adsorption isotherm is usually used to describeitteraction between the inhibitor molecule andahstirface. An
adsorption isotherm is a graphical representatiteting extent of adsorption in terms of surfaceerageg), with
concentrations of adsorbate at a constant tempergts].

Different types of adsorption isotherm which afedrto fit in the experimental data [15]. The ctati®on coefficient
(R was used to choose the isotherm that best fierxental data. From the adsorption equilibriumstant K),
standard free energy of adsorptiovG{.q) was calculated [16]. Other thermodynamic paramselike standard
enthalpy of adsorptionAH®,q9) and standard entropy of adsorptiakS(y) were obtained by plotting graph of
standard free energy of adsorptia@C,q)versustemperature.

RESULTS AND DISCUSSION

3.1 Weight loss measurements

Weight loss measurements were done by studyingnfheence of concentrations of GIE, TCE and CSEtloa
corrosion of aluminum and 6063 aluminum alloy at°’@@or a period of 2 h. The variation of inhibitioffieiency

of inhibitors for the corrosion of aluminum and @0&luminum alloy in different concentrations of mod

hydroxide containing different concentrations of@8BCC is shown in Figure 1. Similar behavior is obseried
GIE and CSE.Results of weight loss measurementshforcorrosion of aluminum and 6063 aluminum alioy
sodium hydroxide containing different concentrasiaf inhibitors at 30C is given in Table 2.

As the concentrations of the inhibitor increasedijght loss of aluminum decreased, and the inhibigfficiency
increased. Beyond the optimum concentration, the® no improvement in the inhibition efficiencygdioating the
optimum concentration of the inhibitor to get maxim corrosion inhibition.

22
Scholars Research Library



Deepa Prabhuand Padmalatha J. Nat. Prod. Plant Resour ., 2015, 5 (2):20-32

3.2 Potentiodynamic polarization (PDP) measurements

The potentiodynamic polarization measurementshercorrosion of aluminum and 6063 aluminum allogcimen
were carried out in different concentrations sodibydroxide (0.5 M, 1.0 M and 2.0 M) containing ffelient
concentrations of GIE, TCE and CSE (0.05-0.6 Q) lat different temperatures (30-50). Figure 2 depicts the
potentiodynamic polarization plots for the corresiof aluminum and 6063 aluminum alloy in 0.5 M sodi
hydroxide containing  different concentrations @EE at 30°C. Similar plots were obtained for other two
concentrations of sodium hydroxide at four diffdareemperatures and also for other inhibitors stlidi€he
maximum inhibition efficiency reported correspontdsthe optimum concentration of the inhibitor. Reswof
potentiodynamic polarization measurements for tbosion of aluminum and 6063 aluminum alloy in O/6
sodium hydroxide containing different concentrasiaf inhibitors at 30C is given in Table 3.

The corrosion ratedQR) was calculated using equation (1) [17].

_ KxM xi
C mm 1) — corr

whereK = 3.27 mm g/mA cm vy, and it defines the unit ofrosion rate (in mm V), icr is the corrosion current
density (in mA cri¥), p is the density of the corroding material (in g &mM is the atomic mass of the metal, ahd
is the number of electrons transferred per atomakominum and aluminum alloyd = 27, p = 2.7 g cm°andZ =
3. Using equation (2) the percentage inhibitiofcefhcy (E %) was calculated.

IE(%)=6%100 (2)
where;
6= leorr — Icorr(inh)
Icorr (3)

wheréo, andicorgnnare the corrosion current densities obtained fanhibited and inhibited solutions respectively.
Results of the potentiodynamic polarization measergs indicated decrease in corrosion current tefigj,) after
the addition of the inhibitor. The inhibition effcy increased with the increase in concentratafrall the three
inhibitors, up to an optimum value. Thereafter therease in the inhibitor concentration resultednegligible
increase in the inhibition efficiency. There was significant change in the values of cathodicTafepe f5;) and
anodic Tafel slopefg) with inhibitor concentrations[18]. This indicatdsat the addition of the inhibitor does not
change the hydrogen evolution reaction mechanisth §hd its non-interference in the mechanism ofdano
reaction [20, 21].

Appreciable shift in the corrosion potenti&d.{;) was not observed after the addition of inhibittr¢he corrosion
medium and also after increasing its concentratamailable literature indicates that [20], if tBhift in corrosion
potential is more than +85 mV with respect to tbhthe blank, then the inhibitor can be considezéter as a
cathodic or anodic type. However, the maximum dispinent in the present investigation was less #&mV,
with a shift towards the anodic side. This indisatieat all the studied inhibitors acts as a mixgxk tof inhibitor
with a major control over anodic reaction of metelsolution. The inhibition efficiency increasedtwthe increase
in concentration of inhibitors, supporting incredaeesurface coverage. These observations and disciss are
applicable both for aluminum and 6063 aluminumyallo

3.3 Effect of temperature and kinetic parameters

The effect of temperature on the corrosion of alwm and 6063 aluminum alloy was studied by meaguttie
corrosion rate at different temperatures betweer530°C. The corrosion rate increased with increase in
temperature. This observation could be relatedhéofact that, as the temperature increases theafigtoccurring
oxide film becomes thin, porous and less protecfife increase in the inhibition efficiency of GlEwincrease in
temperature indicate that adsorption of GIE maghmmisorption. The decrease in the inhibition éfficy of TCE
and CSE with increase in temperature provides @ ttlat mechanism of adsorption may be physisorpBbiysical
adsorption is mainly because of electrostatic adon and electrostatic force of attraction desesawith increase
in temperature.
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Energy of activationk,) was calculated from the Arrhenius equation (4):

Ea
@)

In(CR) = B-
(CR RT

whereB is a constant which varies from one metal typariother,R is the universal gas constant (8.314 J Mol
K™, and T is the absolute temperature. Arrhenius plots i& Bl sodium hydroxide containing different
concentrations of CSE for the corrosion of aluminainad 6063 aluminum alloy is given in Figure 3. $amplots
are obtained for GIE and CSE.

The enthalpy of activatiom@”) and entropy of activatiom\S’) were calculated using transition state equatin (

CR=E exp(ﬁJ exéﬁ] (5)
N RT

wheréh is Plank’s constant (6.626xT0 J.s),N is Avogadro’s number (6.022x¥mol™) and T is the absolute
temperature. Plots of IlCR/T) versus {/T) gave straight lines. Enthalpy of activatiaxH{) was deduced from the
slope (slope =AH*/R) and entropy of activatiomg’) was evaluated from the intercept (intercept RINp +
AS'IR).Plots of In CR/T) versus1/T in 0.5 M sodium hydroxide containing different centrations of CSE for the
corrosion of aluminum and 6063 aluminum alloy igegi in Figure 4. Similar plots are obtained for Giid CSE.
Activation parameters for the corrosion of aluminamd 6063 aluminum alloy in 0.5 M sodium hydroxide
containing different concentrations of inhibitossgiven in Table 4.

The energy of activatioref) for GIE was lower than that of blank solution.tWincrease in concentrations of GIE,
the energy of activation decreased. It is an irtthoaof chemisorption [22, 23]. With increase iretboncentration
of TCE and CSE energy of activatiok,) increased. It indicates increase in energy bafde the corrosion
reaction. The extent of increase was proportiondahé inhibitor concentrations. It indicates tHa¢ £nergy barrier
for the corrosion reaction increased with incréaseCE and CSE concentrations.

The activation enthalpyAH®) varied in the same manner as the activation gngg), supporting the proposed
inhibition mechanism. The entropy of activatiaxS{) in the absence and presence of the inhibitoevange and
negative indicating that the activated complexespnts association rather than dissociation stgp [2

3.4 Adsorption isotherms and thermodynamic parametes

The interaction between inhibitor molecules andrttezal surface can be understood by adsorptiohésmis. From
the potentiodynamic polarization measurementsdtigree of surface coverag® (or different concentrations of
inhibitor was evaluated. The data were tried tdario different adsorption isotherms. The Langméirgundlich,
Temkin, Frumkin and Flory—Huggins were the importadsorption isotherms considered to fit the expenital
data. The best fit was achieved with the Langmd&oaption isotherm.

The Langmuir adsorption isotherm mathematically lsamepresented by following equation (6):

C,, 1
—m = C  +— 6
6 inh K ( )

where is the adsorption equilibrium consta@, is inhibitor concentrations (in g't) and ¢ is the surface
coverage.Langmuir adsorption isotherms for the mguimm of CSE in 0.5 M sodium hydroxide at diffeten
temperatures for the corrosion of aluminum and 6l@inum alloy is given in Figure 5. Similar platse obtained
for GIE and CSE.

From the adsorption equilibrium constaHK),(standard free energy of adsorptis?dG(.ys) can be calculated using
the equation (7):

AG%u= -RTInK  (7)
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whereRis the universal gas constant (8.314 JiI'Y), Tis the absolute temperature. It is well known thatunit
for AG°,ds J mol™. Since the unit for the teriRTis also J mof, adsorption equilibrium constar)in Eq. (3.9)
must be dimensionless [16].

However, by taking the units of concentration dfibitor and water samd obtained from the equation 4.11 will
be in the dimension of L' In such a situatiork can be easily recalculated as dimensionless byiptyifty it by
1000 (number of grams of water per liter of sola}i¢25]. Accordingly, the correchG°,gdvalue can be obtained
from the equation (8):

AG®& -RT In (100(K) (8)

The valuable information regarding the mechanisrhefcorrosion inhibition can be obtained from thedynamic
parameters. Standard enthalpy of adsorptidfi°{s) and standard entropy of adsorptiatst.q) can be calculated
from equation (9):

AG®395 AH®g TAS%ad9)

A plot of AG°,qversus temperature gave straight line, with a slefme =—AS%y9 and an intercept (intercept =
AH°,49. Plot of free energy of adsorption versus temipeeafor the adsorption of CSEin 0.5 M sodium hydile
for the corrosion ofaluminum and 6063 aluminumai®given in Figure 6. Similar plots are obtairfed GIE and
CSE. Thermodynamic parameters for the adsorptiantobitors on aluminum and 6063 aluminum alloylis M
sodium hydroxide at different temperatures is givemable 5.

With GIE as inhibitor, the standard free energyadéorption 4G°,4) was more than -20 kJ mbht all studied
concentrations of sodium hydroxide at all tempeetuThe standard free energy of adsorptit@°(y) decreased
with increase in temperature. These two observatsuggests chemical adsorption of the inhibitosunrfiace of the
metal [22].

As per the reported literature, chemisorption isested during the endothermic process where, tkieakay of
adsorption is positiveAH,4e> 0) [26]. An exothermic adsorption process withe hegative value of enthalpy of
adsorption AH®4< 0) may involve either physisorption or chemisamptor a mixture of both processes [27]. In the
present investigation, with GIE as inhibitor, thespive value of the enthalpy of adsorptiafH(,q9 proves beyond
ambiguity that adsorption of GIE proceeds by chenpigon. Increase in the inhibition efficiency ofiEswith
increase in temperature also complements the steggelemisorption mechanism for the adsorption & Gn
aluminum and 6063 aluminum alloy.

Standard free energy of adsorptia¢G(,q) for TCE and CSEwere around20 kJ mol* and it increased with the
increase in temperature. This is an indication lyfspcal adsorption of TCE and CSE on the surfacalwhinum
and 6063 aluminum alloy [28, 29]. Enthalpy of agidimn (AH°,49) was negative. The negative value of enthalpy of
adsorption AH®,49 is characteristics of exothermic process, whiatther confirms physisorption of TCE and CSE
molecules on surface of the metal[28].

The value of standard entropy of adsorptin® 49 was large and negative. This is an indicatiomdgorption of
inhibitors, which is accompanied by a reductiorintropy. Before the adsorption of components ofttteacts onto
the aluminum surface, components of the extracghtrfreely move in bulk of solution, but with tipeogress in
the adsorption, components of the extracts werertyrddsorbed onto the aluminum surface, resultiregdecrease
in entropy [30-32].

3.5 Mechanism of corrosion and inhibition process

Corrosion of metals is known to proceed by theoactf local cells, which are established by metedsnprising a
partial anodic and cathodic reaction occurring $iameously on the surface of metal [10, 33]. hdes to
understand the mechanism underlying the corrosfametals, it is necessary to explore which pariabdic and
cathodic reactions involved during corrosion. Diggon of aluminum in alkali, can be expressed bifoiving

anodic and cathodic processes [34].
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Inhibitor molecules get adsorbed on surface of rttegal, via physisorption or chemisorption. Follogiare the
different modes through which either of the twoagtion process take place:

(i) Chemisorption, which involves sharing of elects between heteroatoms of neutral inhibitor mdéeeand the
metal surface

(i) Physisorption, which involves the adsorptioinpositively/ negatively charged part of theibitor molecules
on negatively/positively charged aluminum surfgg4.

Inhibitor molecules must displace water moleculésciv are already adsorbed on the surface of thalm#étcan be
represented by equation (10).

Inhibitor,) +xH,04,  Inhibitor,,+xH O (10)

Evaluation of the activation parameters of GIE dadéd decrease in the energy of activatiBg) ©f inhibited
solution compared to that of blank solution. THiservation is an indication of chemical adsorptiéthe inhibitor
on the surface of the metal. Further, positive galtistandard enthalpy of adsorptiafHC,q¢ for GIE complements
the possibility of chemisorption of the inhibitorofacules on the surface of aluminum and 6063 alumimlloy.
Chemisorption arises from the donor- acceptor auion between metal and the inhibitor moleculesirtta
heteroatomsy electrons of multiple bonds as well as phenyl geoand vacant p orbitals of the metal.

pH dependent surface charge on surface of aluminandue to the interaction of terminal oxygennasoof
aluminum oxide surface with water resulting in tfiermation of hydroxylated sites, or hydroxide day at the
surface (M—OH). At higher pH, a hydroxide surfé@ses protons to produce the negatively charge@lrsatface
(Al-O") (equation 11).

AlI-OH+OH™ - AI-O + H,0 (11)

In other words surface of aluminum is negativeharged in alkaline environment [34, 36]. Positivelyarged
sodium ions will be electrostatically attractedabyminum surface and gets physically adsorbed.¢hdt 37].

The inhibition effect of TCE and CSE are attributedthe presence of organic compounds presenteirexiract
[38]. Phenolic —OH groups are acidic in nature.tle presence of alkali, they get deprotonated [3%ie
deprotonated molecules of the inhibitor get phykicadsorbed over the positively charged metal aef in
accordance with the equation (12):

— - + —_—
Al-O” & Al-O — Na' Al -0 - N& - ( Inh),, (12)

Overall, consequence of the adsorption of inhibitmiecules is the formation of protective layersamface of the
aluminum. This will form a barrier between the edednd corrosive and prevent further dissolutibthe metal
[25]. Consequently there was substantial decrieeite rate of corrosion.

In alkaline aqueous solution, a fraction of priti@ctive constituents of TCE and CSE may existtha
deprotonated form and remaining as neutral molecdlbese deprotonated —OH groups of the inhibitolenules
can get physically adsorbed on the positively chdrgites and brings anodic reaction under contiioé higher
inhibition efficiency was observed for TCE than C8&e to the large size of the active constituentsch exert
umbrella effect. The inhibitor molecule is largepagh to cover both anodic and cathoidic area. #esalt of this,
both anodic and cathodic reactions come under @omience it acts as a mixed type of inhibitor,hwitore control
over the anodic reaction.

3.6Effect of concentration of sodium hydroxide medim

It was evident from both weight loss method andeptibdynamic polarization method that, with inceeas

concentrations of sodium hydroxide, there was aseein the corrosion rate and decrease in the ifiumb
efficiency. The decreased inhibition efficiencyanhigher concentrations of sodium hydroxide camttebuted to
the higher corrosively of the medium [40]. The rsinvestigation also aims to find the optimum cantration of
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the inhibitor required to get the maximum inhibitiefficiency. Hence different concentrations of thieibitor were
tried in different concentrations of sodium hydii These values are tabulated in Table 6.

Table 1: Composition of the aluminum and 6063 alunnium alloy specimen

Composition (weight %)

Element Aluminum 6063 aluminum alloy
Si 0.120 0.412
Fe 0.270 0.118
Cu - 0.0570
Mg - 0.492
Al Balance Balance

Table 2: Results of weight loss measurements forehcorrosion of aluminum and 6063 aluminum alloy irsodium hydroxide containing
different concentrations of inhibitors at 30°C

Aluminum 6063 Aluminum alloy
Inhibitor ~ Conc. of inhibitor Weight loss IE Weight loss IE
(gL (mg) (%) (mg) (%)
Blank 101.2 - 129.8 -
0.05 66.65 34.14 74.57 42.55
0.1 62.57 38.17 66.67 48.64
GIE 0.2 57.69 42.99 60.53 53.37
0.3 51.93 48.69 56.71 56.31
04 48.21 52.36 48.39 62.72
Blank 101.2 - 129.8 -
0.05 52.34 48.28 56.36 56.58
0.1 45.58 54.96 48.92 62.31
TCE 0.2 41.08 59.41 43.73 66.31
0.2 36.9¢ 63.4¢ 37.2¢ 71.31
0.4 31.21 69.1¢ 31.7¢ 75.51]
Blank 101.2 - 129.8 -
0.1 70.85 29.99 84.12 35.19
CSE 0.2 62.11 38.63 73.04 43.73
0.3 56.12 44,55 64.58 50.25
0.4 43.82 56.70 48.68 62.50
0.5 36.08 64.35 38.62 70.25

Table 3: Results of potentiodynamic polarization masurements for the corrosion of aluminum and 6063laminum alloy in 0.5 M
sodium hydroxide containing different concentratiors of inhibitors at 30°C

Aluminum 6063 Aluminum alloy
inhibitor  Con. of inhibitor <" o fo p e o N -
(gL vs SCE) (mAcm?® (mMmVdec) (mVdec) (%) vs SCE) (m Acni®) dec?) (mVdec) (%)
Blank -1567 2.5C 51C 474 - -156( 3.2¢ 48t 472 -
0.05 -1583 1.57 490 493 37.09 -1542 1.78 493 501 .3345
GIE 0.1 —-1585 1.47 467 506 41.12 -1548 1.60 495 486 7850.
0.2 -158¢ 1.3t 46¢ 47¢ 459¢  -155]1 1.4€ 494 47¢ 55.1¢
0.3 -1595 121 485 512 51.64 -1553 1.32 505 468  5659.
0.4 -159¢ 1.12 47¢ 494 55.3] -155% 1.1% 501 464 64.6%
Blank -1567 2.5C 51C 474 - -159¢ 3.2¢ 48t 472 -
0.05 -1556 1.21 481 484 51.63 -1593 1.32 484 492  .6059
TCE 0.1 -1554 1.04 458 497 58.31 -1590 1.13 486 477  3365.
0.2 -1553 0.93 460 470 62.76  -1593 1.00 485 469  3369.
0.3 -1555 0.83 476 503 66.84 -1586 0.84 496 459  3374.
0.4 —154¢ 0.6¢ 47C 48t 7251 -159% 0.7¢ 492 45E 78.5%
Blank -1567 2.5C 51C 474 - -156: 3.2¢ 48t 472 -
0.1 -1554 1.75 470 508 31.59 -1604 2.02 471 515 9137.
CSE 0.2 -1544 1.53 470 488 40.87 -1581 1.75 470 499  3346.
0.3 -1505 1.39 389 512 46.75 -1600 1.54 392 522  8152.
0.4 -1503 1.08 440 531 59.76  -1566 1.14 452 496  0165.
0.t -1501 0.8¢ 457 503 65.08 -158¢ 0.84 47% 494 74.1]
27
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Table 4: Activation parameters for the corrosion ofaluminum and 6063 aluminum alloy in 0.5 M sodium kidroxide containing different
concentrations of inhibitors

Aluminum 6063 Aluminum alloy
N o . Ea AH? AS Ea AH? AS
Inhibitors  Conc. of inhibitors (G1) .y o) (I mol®)  (Imol' K™  (kImol) (kI mol) (I mol® K™Y
0.0 23.66 21.66 14758 2161 19.05 ~148.69
0.05 1130 8.69 102,56 6.96 9.57 -214.05
o 0.1 7.5 491 ~205.4¢ 4.7t 7.3€ ~223.7¢
0.2 7.10 4.49 ~207.63 451 3.11 ~232.09
0.3 5.46 2.85 ~213.84 1.82 1.90 -246.98
0.4 0.47 1.2¢ -233.8( 0.5 0.7¢ ~255.4¢
0.0 23.66 21.66 -147.58 21.61 19.05 -148.69
0.05 36.24 33.63 ~112.60 34.97 32.36 -116.18
. 0.1 39.87 37.26 -101.75 37.26 34.65 -109.94
0.2 40.24 37.64 -101.20 39.29 36.68 -104.29
0.3 4164 39.03 -97.64 42.78 4017 ~94.32
0.4 46.80 44.19 -82.22 44.33 41.72 -90.62
0.0 23.66 21.66 -147.58 21.61 19.05 -148.69
01 32.88 30.28 12034 31.82 20.21 -123.06
. 0.2 33.80 31.19 -118.45 33.36 30.75 11918
0.3 35.44 32.84 ~113.90 34.54 31.03 -116.38
0.4 39.52 37.16 10161 37.23 34.63 110,02
0.5 39.77 36.92 10411 44.78 4217 “87.71

Table 5: Thermodynamic parameters for the adsorptia of inhibitors on aluminum and 6063 aluminum alloyin 0.5 M sodium hydroxide
at different temperatures

Temp Aluminum 6063 Aluminum allo
Inhibitors (K) AGoads AHDads Ag’ads AGDads AHDads AS’ads
(kImol) (kImol) @mol*K™" (kImol®) (kIJmol") (I mol*K™

303 -15.77 -17.60
308 -16.30 -18.10

GIE 313 -17.11 23.55 -129.66 -19.02 23.92 -136.87
318 -17.61 -19.54
323 -18.36 -20.30
303 -16.31 -18.81
30¢ -16.2¢ -18.7¢

TCE 313 -16.15 -25.11 -28.87 -18.66 -25.16 -20.95
318 -16.06 -18.51
322 -15.9¢ -18.3¢
303 -13.33 -14.06
30¢ -12.81 -13.4%

CSE 313 -12.23 -50.34 -121.91 -13.04 -51.76 -124.18
318 -11.71 -12.45
323 -10.84 -11.46

Table 6: Optimum efficiency by the PDP method forlhe corrosion of aluminum and 6063 aluminum alloy irsodium hydroxide containing

different concentrations of GIE, TCE and CSE

... Temp Cf”."%-Of IE (%)
Inhibitor (°C) (NaOH] In(g'ti',tf;r Aluminum 6063 Al alloy
0.5 0.4 75.76 81.87
GIE 50 1.0 0.5 71.39 77.82
2.0 0.6 66.19 73.08
0.5 0.4 72.51 78.53
TCE 30 1.0 0.5 68.05 74.37
2.0 0.6 62.87 69.64
0.5 0.5 65.05 74.11
CSE 30 1.0 0.6 62.48 67.12
2.0 0.7 55.94 62.59
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Table 7: Comparison of inhibition efficiencies of GE, TCE and CSE (0.4 g L") by PDP method for the corrosion of aluminum and 663
aluminum alloy in 0.5 M sodium hydroxide

... Temp [NaOH]
Inhibitor C) Metal 05M 10M 20M
GIE 50 Aluminum 75.76 65.72 56.44

6063 Alalloy 81.87 73.62 63.88
Aluminum 7251 68.05 62.87
TCE 30 6063 Al alloy 78.53 74.37 69.64
Aluminun 65.05 62.48 55.94

CSE 30 6063 Alalloy 74.11 67.12 62.59

10 I 0.5M 100 I 0.5M

90 I 1.0M 90 I 1.0M

a0 ] [ 2.0M . . 2.0M
704 704
60 — 60+
g 50 g 50
w 40 u 40
30 304
204 204
104 104
0- 0-

0.1 0.2 03 0.4 0.5 0.6 0.7 0.1 0.2 0.3 0.4 0.5 0.6 0.7
C,@L? C,n(gLh @

(b)
Figure 1: The variation of inhibition efficiency containing different concentrations of TCE in sodiumhydroxide for the corrosion of (a)
aluminum; (b) 6063 aluminum alloy at 30°C
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(a) (b)
Figure 2: Potentiodynamic polarization plots in 0.5M sodium hydroxide containing different concentraions of CSEat 3(°C for the
corrosion of (a) aluminum; (b) 6063 aluminum alloy
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Figure 3: Arrhenius plots in 0.5 M sodium hydroxidecontaining different concentrations of CSE for thecorrosion of (a) aluminum; (b)
6063 aluminum alloy
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Figure 4: Plots of In CR/T) versusUT in 0.5 M sodium hydroxide containing different corentrations of CSE for the corrosion of (a)
aluminum; (b) 6063 aluminum alloy

Figure 5: Langmuir adsorption isotherms for the adsrption of CSE in 0.5 M sodium hydroxideat differert temperatures for the
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Figure 6: Plot of free energy of adsorption versusgemperature for the adsorption of CSEin 0.5 M sodim hydroxide for the corrosion
of(a) aluminum; (b) 6063 aluminum alloy

3.7Comparison of percentage inhibition efficienciesf GIE, TCE and CSE in sodium hydroxide medium
Studies were done by adding different concentratiohthe inhibitor to the system to get maximumicéshcy.
Among the three studied inhibitors, GIE underwdmtrnisorption by forming the co-ordinate bond witle metal
by sharing the electron pair of heteroatom. Theimam efficiency of 75.76 % was obtained for theitidd of 0.4

g L™* of the inhibitor at 50C for aluminum (Table 7). The maximum inhibitionieféncy of 81.87 % was obtained
for the addition of 0.4 g T of the inhibitor at 50C 6063 aluminum alloy.

Corrosion inhibition behavior of TCE and CSE welmast the same. Both of them underwent physicabigudi®on.
TCS acted predominately as mixed inhibitor, withrencontrol over anodic reaction. CSE acted as aratibitor.
For a given concentration of the inhibitor (0.4 @)L the inhibition efficiency was more for TCE, 4t studied
concentrations of sodium hydroxide. This is maialgributed to the larger molecular size of the gpal
constituents of TCE. The TCE molecules containrgelanumber of —OH groups due to these they havieehig
efficiency than CSE. However it must be noted tf@t,a given concentration of the inhibitor, all them showed
the inhibition efficiency of more than 60 %.

CONCLUSION

» The inhibition efficiency of the GIE increased withcrease in the concentration of the inhibitor amdreased
with increase in temperature.

» The inhibition efficiencies of TCE and CSE increhsdgth increase in the concentrations of the iithis and
decreased with increase in temperature.

» Adsorption of GIE on the metal surface was throagbmisorption, whereas adsorption of TCE and CSEe we
through physisorption.

» The inhibition efficiencies of GIE, TCE and CSE wdrigher for 6063 aluminum alloy than for aluminum.

» The inhibition efficiencies of GIE, TCE and CSE desed with increase in concentrations of sodiudndxyide.

* Results obtained by the weight loss method andngiotynamic polarization were in good agreemenhwibe
another.

* GIE, TCE and CSE are good inhibitors for the camoscontrol of aluminum and 6063 aluminum alloy in
sodium hydroxide medium.
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