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ABSTRACT

Inhibition efficiency of iso-vanillinchalcone in controlling corrosion of aluminium in 1.0N NaOHhasbeen
investigated by chemical and electrochemical methods. It was observed that the percentage inhibition efficiency,
(%I E) and surface coverage, (o) increased with increase in the inhibitor concentration and decrease with increase
in temperature. It suggests that the inhibitor followed physisorption pathway. The inhibitor was found to obey
Langmuir adsorption isotherm at the temperature 303K.The potentiodynamic polarization studies revealed that the
inhibitor was mixed type. Surface morphological studies confirmed the adsorption of molecule on the metal
surface. Quantum chemical calculations show that the chemisorption process is not possible for studied inhibitor.
Smultaneous galvanic and gasometric determinations revealed that the as the inhibitor concentration increases, %
weight loss for galvanic corrosion increases and % weight loss for gasometric corrosion decreases.

Keywords: Aluminium corrosion, Iso-vanillin chalcone, Mixetype inhibitor, Adsorption isotherm, Galvanic
corrosion.

INTRODUCTION

Aluminium can be used as anode material for powarces with high energy densities. Aluminium/aittbaes are
being currently developed [1], with strong alkaliakectrolyte (KOH or NaOH), as power sources farctric

vehicle propulsion. However the high reactivity afiminium in concentrated alkaline solutions resuit low
coulombic efficiency due to an unacceptably highr@sion rate of the aluminium anode. So, it seentede
important to discuss the mechanism of corrosiothefaluminium anode and its inhibition in alkals@utions for
the development of aluminium/air batteries. In orgesolve the corrosion problem and to maintai dlbotivity of
the anode, the study of the effect of addition @famic corrosion inhibitors to the alkaline mediimwhich Al

corrodes, is attempted.

The efficiency of an organic compound as a sucaks#fibitor is mainly dependent on its abilityget adsorbed on
the metal surface. The lone pair of electrons ieteeatoms determines the adsorption on these mlekon the
metal surface [2-9].

MATERIALS AND METHODS

Sample preparation

For weight loss studies the aluminium strips wareioto coupons of dimension, 2.0 cm x 1.0 cm x40rfh from
commercially pure aluminium sheet. Each coupon washed with ethanol, rinsed with acetone and alibteedry
in the air. The aluminium specimens were cut irdapons of dimensions, 8.0 cm x1.0 cm x 0.14 cm arated
with epoxy resin (araldite) leaving a surface areacnt were used for polarization and impedance studies.
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Preparation of iso vanillin chalcone

The mixture of hydroxymethoxyacetophenone and eaifin were mixed in a mortar to this mixture twitche
amount of NaOH was added and continue the mixinggss. After few seconds of grinding the mixturaéd in to
a solution and thereafter grinding was continuetll tine mixture solidified. The product was sepath&ind the
separated product washed with cold water filter@t the help of buckner funnel and recrystallized.

1-(4-hydroxy-3-methoxyphenyl)-3-(3-hydroxy-4-methoyphenyl)propenone

O-CHj
CHs o OH
o H
CH3 HaC ?
o —» 5 -
HO +
O«
CH
OH 3 HO

Hydroxymethoxy Isovanillin 1-(4-hydroxyfBethoxyphenyl)-3-(3-hydroxyl-4-Actophenonemethaxgpyl)-propenone [HMPHMPP]

Weight loss method

Aluminium coupons in triplicate were immersed inOh) of the 0.1N NaOH containing various concentratof
inhibitor. The weight of aluminium coupon beforedaafter immersion was determined using a digitdduee [10].
From the initial and final weight of aluminium coupweight loss and the corrosion rate were caledlaErom the
weight loss the surface coverage and the inhileitiiciency were calculated using the equation [11].

Wi

Surface coverag®, = W"W;
0
Inhibition efficiency, % IE= % x 100
0

where,w, andw;are the weight losses in uninhibited and inhibitecroding solutions, respectively.

Electrochemical studies

The electrochemical experiments were carried ourguBrinstone electrochemical analyzer, model KOg®6dro-
cell kit. A conventional three electrode cell catisig of aluminium as working electrode, saturatadomel
electrode and platinum electrode as reference andter electrodes, respectively was used. In eadsarement a
fresh working electrode was used. The potential®weanned, after a stable value of the corrosivanial (Eor,)
was reached, at a scan rate of 1 MVfiiom the corrosion potential in the cathodic dii@n and subsequently in the
anodic direction in the potential range of -1800tmV¥1100 mV vs. nOCP. Each experiment was repeatéehst
three times to obtain reproducible data. The foemused for calculating %IE by electrochemical paktion
method was:

%IE= ""Iﬂ % 100

0

where, b =corrosion current density in the absence of inbibénd },=corrosion current density in the presence of
inhibitor

EIS were obtained in the frequency range of 100-KHHz and with a.c.signal of amplitude 20 mV. The
measurements were taken after the electrode reacktzhdy value of k. The experiments were conducted at a
constant temperature of 8D

The inhibition efficiency was calculated from chartgansfer resistance values, by the following fgem

% |E= Ret(inh)=Ret x 100
Rct(inh)

where, R= charge transfer resistance in the absence obitohiand Rym=charge transfer resistance in the
presence of inhibitor
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Simultaneous galvanic and gasometric determinations

In a closed vessel containing test solution (1.8&0OH without or with inhibitor) weighed Al (anodis) immersed
with steel (cathode), Resulting primary cell is sected to an ammeter & a potentiometer in paratsehbination.
The primary cell is:

OAl | NaOH (1.0 M) + inhibitor | steef".

When galvanic corrosion of Al occurs, current &tagle are measured, along with volume @ity a gasometric
assembly joined to the vessel) as a function of #ikhwas retrieved from the closed vessel and tieen/ed weight
loss was determined.From the measured currenthivieigs for galvanic corrosion is calculated. Fritven measured
volume of H, weight loss for gasometric corrosion is calcudate

Observed weight loss = weight loss for galvaniaasion + weight loss for gasometric corrosiomeight loss for
local cell corrosion

RESULTS AND DISCUSSION

FT-IR spectra of the 1-(4-hydroxy-3-methoxypher8dj3-hydroxy-4-methoxy phenyl)-propen-1-onethe prese

of (HMPHMPP) was recorded as KBr discs. The abseheestrong band at 1680-1700 na strong band at 1720-
1740 cnt and a strong band at 1665-1685 ‘cfoharacteristic of,f- unsaturated ketones) indicate the conversion
of the aldehyde and ketone into the respectivécoha[12]. The presence of strong, broad band @0-&200 crit

is due to H-bonded O-H stretching.

The electronic spectra of the synthesized chalcarse recorded with a UV-visible spectrophotométermbda-
35) in the range (200-800 nm) using quartz cell & cm length with concentration of samples{2) in ethyl
alcohol. A more intense — n* band at 200 — 220 nm and a less intensethband at 280- 300 nm are obtained
for thea, B-unsaturated keto group [13].

The m/z values of molecular ion peak, M+1 or M+Nae@s with the formula weight[14-16].

Weight loss method

The surface coverage and %IE of iso-vanillinechadéchave been evaluated in 1.0N NaOH. Table(1)}tititess the
effect of concentration of chalcone on the %IE @C3and 5(C. It is observed that 7.5x£0M of chalcone has
maximum IE 81.9%. This results denotes that alummmicorrodes in 1.0N NaOH solution but the presesice
inhibitor decreased the extend of the aluminiunragion [17, 18]. The reduction in weight loss &dmainium
samples as inhibitor concentration increases magttbuted to adsorption of inhibitor on surfadeatuminium
and form a barrier film over the aluminium surfaddereafter the inhibitors impede corrosion proostiser by
merely blocking reaction sites or by altering matbim of anodic and cathodic processes[19]. The valkes were
plotted against the concentration values of thécome at a temperature ‘80and 50C. From the plot the chalcone
showed higher %IE in 30 then in 5@C it attribute to increase in the solubility of theotective films at the higher
temperature[20].

Fig.1: %IE Vs [HMPHMPP] plot at the temperature 30°C and 50C
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The inhibition efficiency of the inhibitor was ireaises with increase in concentration of inhibittdHHMPP and
this behavior indicates that the molecules formdzhaier flim on the aluminium surface and %IE dases with
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increase in temperature it attribute to increasthénsolubility of the protective flims and of argaction products
precipitated on the surface of the metal.

Table 1: Inhibition efficiency of corrosion of Al in 1.0 N NaOH by the HMPHMPP at 30°C and 50°C by weht loss method

[HMPHMPP], M | %IE at 30°C | %IE at 50°C
1x10° 71.9 35.0
1.25x10° 76.8 40.8
2.5x10° 79.0 43.0
5x10° 80.5 48.4
7.5x10° 81.9 55.6

Electrochemical studies
The polarizations results clearly indicate theactiorrosion reactions and can thus be correlatddthe results

obtain in the weight loss methods [21]. The coonsiurrent densities,ol, and the corrosion potentialk were
determined from the polarization curves by extrapioh of the linear logarithmic segments of the diocand
cathodic Tafel lines to the point of interactionle@&rochemical parameters, such ag.El., and anodic and
cathodic Tafel slope(, B.) are listed (Table 2).

Table 2: Potentiodynamic polarization of Al in 1.0N NaOH without and with varying concentrations of HMPHMPPat 303 K

[HMPHMPP], M |-E cor.V | lcor, MAcm? | B, mV dec! | B., mV dec! | %IE
Blank 1.592 16135.63 2705 496.5
1x10* 1.577 12261.53 276.4 425.1 24.0
2.5x10* 1.594 9894.47 186.7 549.6 38.7
2.5x10° 1.550 3575.233 118.0 404.3 77.8

Fig.2: Tafel plot for the inhibitor of [HMPHMPP]
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In literature,[22] it is reported that only wheretbpen circuit potential (OCP) displacement iseaist 85 mV in
relation to the one measured for the blank sol{@8y24] can a compound be recognized as an anodiatbodic
inhibitor. In the present investigation it is foutiat the displacement, at the most, is 40 mV watdpect to the &,
of the blank solution. Therefore the inhibitor usedhis study is considered to act as mixed-typehitor [25].

Impedance method
Impedance measurements have been carried outufmiralm in the alkaline solution in the absence presence

of the HMPHMPP the inhibition efficiency with resgeto Rwalues are given in table. The impedance diagram
consists of a large capacitive loop at high freqyefhe value of Rincreases and {decreases with the increase
in concentration of HMPHMPP indicate that the ceivo of aluminium in 1.0 N NaOH is controlled byharge
transfer process and the corrosion inhibitor octhirsugh the adsorption of HMPHMPP on aluminiunface.

Table 3: Impedance parameters for Al in alkaline mdium without and with various concentration of HMPHMPP at 303 K

[HMPHMPP], M |R cr, ohmcnt | Cy uF cm® | %IE
Blank 0.9075 55.5
1x10* 1.208 41.7 24.9
2.5x10* 1.668 44.3 45.6
2.5x10° 1.791 19.1 49.3
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Fig.3: Nyquist plot for HMPHMPP
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Langmuir adsorption isotherm

An adsorption isotherm is a direct relationshipaEstn inhibition efficiency and degree of surfacgezage 0), at
constant temperature for the different concentnatiof the inhibitor. The adsorption isotherms pdevimportant
clues to the nature of the metal-inhibitor intei@tt The weight loss data were fitted to Langmsiatherm equation
which can be expressed as

c 1
. +C
6 Kads

The Ky is the equilibrium constant of adsorption procasd it is related to the standard Gibbs free enefgy
adsorptionAG%qs by the equation,

Kads:ﬁ exp (AG’:udRT)

lvent

The correlation coefficient @R was used to determine the best fit isotherm andas found that the Langmuir
isotherm is the best fit isotherm [26-28] for thestems studied.The value of Rdicate strong adherence of the
corrosion inhibition process to Langmuir adsorptigstherm [31].

Table 4: Adsorption isotherm readings

Inhibitor R’ Slope Ka M -AG%q kJ mol*
303K 323K | 303K| 323K| 303K 323K 303K 323H
HMPHMPP | 0.9999| 0.9964 1.20R0 1.6494 5000 769.83 731.528.64

Fig.4: Langmuir adsorption isotherm for HMPHMPP
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Scanning electron microscopic analysis (SEM)
The surface morphology of Al in solutions of 1.0NdOH was studied using SEM.
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Fig.5: SEM photograph of aluminium after immersion in 1.0N NaOH

e

The above SEM image show greater degree of sudiiegioration of Al samples immersed in 1.0 N Nawithout
inhibitor than for aluminium samples immersed i@ il. NaOF with inhibitor.

Fig.6: SEM photograph of aluminium in 1.0 N NaOH with inhibitor HMPHMP
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When inhibitor is added to the test solution flakesthe surface of the specimen are redwhen compared with
the micrograph of aluminium surface without theiliior. In the presence of inhibitor it can be sdbat the

damaging effect is greatly reduced and the suriacelatively smooth probably due to the formatafrprotective
coverage by the inhibitor [29, 38Z].

EDX spectra analysis
EDX spectra and elemental composition of alumingurface after immersion in NaOH solult.

Fig.7: Edx spectra of HMPHMPP
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It shows the presence of aluminium, oxygen in 1:2 ratio.

i
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Table 5: Elemental composition Al in blank solution

Element| Atomic Percentage (%)

(0] 68.80
Al 29.12
Na 1.40

Table 6: Elemental composition of Al Surface immersd in 1.0 N NaOH with HMPHMPP

Element| Atomic Percentage (%)
(0] 5.59
Al 94.41

Fig.8: EDX spectra of aluminium surface immersed irL.ON NaOH with HMPHMPP

e B |

It shows that the concentrations of Al atoms amnébhigher while the concentrations of oxygen atym found
lower than that of the blank aluminium sample. Tigisult reveals that these inhibitors act as gaoddys against
the penetration of the aggressive ions in the Eol(OH) to the aluminium samples.

Quantum Chemical Studies
In order to explore the theoretical experimentalsistency, quantum chemical calculations were pewd with
complete geometry optimizations using standard &an<03 software package. Geometry optimization eeased
out by B3LYP functional at the 6-31G (d, p) basisand at the density functional theory (DFT) level
-
? | '!I
@ 9 o
L ;—*‘ ,0 o
J
»9

Table 7: Geometry optimization of HMPHMPP

Inhibitor %IE E homo ELumo AE AN % (D)
HMPHMPP | 819 | -5.5679 -1.750B 3.8172 -0.219 3.3416

The number of electrons transferred\) indicates the tendency of an inhibitor moledwl@lonate electron to metal
atom. The higher the value alN, is the greater the tendency of a molecule tcattorlectrons to the metal atom.
The negative value oAN implies that the interaction between the inhibaod the metal surface does not involve
electron transfer. Therefore there is no possibitit chemisorption mechanism [33].
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Table 8: Simultaneous galvanic and gasometric detarinations

-~ S 3 . galvanic corrosion Hevolution
Inhibitor [inhibitor] x10° M | Measures weight loss, m| Weight loss| % weight 1os$ _ Weight lods _ 06Wt. Idss
2.50 16.5 551 66.6 10.93 33.7
HMPHMPP 0.10 44.9 4.68 89.56 40.18 10.51

Simultaneous gassometric and galvanic measurenmenet given in the above table. It was found that%heeight
loss for galvanic corrosion (loss of Al weight inoducing current) increased and the % weight lassghssing
corrosion (loss of Al weight in the formation of)Htlecreased proportionate to the concentratiohefrthibitor.

CONCLUSION

The maximum inhibition efficiency achieved in theidy is 81.9%and it is also found that % IE desesawith
increase of testing temperature and it is suggesbiv physical adsorption mechanism. The corrosiorreat
densities (o), decreases with the increase of inhibitor corregioin pointing to the inhibitor adsorption on the
metal surface. The E; values determined, in the presence of variousamnations of the inhibitor, does not show
considerable shift indicating physical blocking the metal surface by the inhibitors. SEM imagesficonthe
formation of the protective coverage by the inlibiadsorbed on the metal surface. The inhibitorsicrably
improves the performance of the alkaline primaryweh aluminium anode and steel cathode.
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