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ABSTRACT

The inhibitive ,thermodynamics and adsorptive properties of 1-( phenyl)-3-(2-hydroxy phenyl)-propenone
(PHPP) and tetrabutylammonium bromide (TBAB) for the corrosion of aluminiumin 1.0 M NaOH solutions have
been investigated by weight loss measurements at 303K and 323K and el ectrochemical measurements at 303K . It
was found that the inhibition efficiency increased with PHPP concentration but decreased with increase in
temperature. A synergistic effect was observed between TBAB and PHPP. The experimental results suggest that
the presence of TBAB inthe solutions stabilized the adsorption of PHPP molecules onthe metal surfaces
and therefore improve the inhibition efficiency. The mechanism of adsorption of inhibitors was proposed from the
trend of inhibition efficiency with temperature and the values of E; AG,4s ,Qqq4s- Langmuir and Flory-Huggins
adsorption isotherms were found to conform to the adsorption of the inhibitor on the aluminium surface in 1.0 M
NaOH.

Keywords: Corrosion inhibition, physical adsorption, synergiparameter, adsorption isotherm and charge &ansf
resistance.

INTRODUCTION

Aluminum is the third most abundant element. The a6 aluminium in the energy field is its applicatiin
batteries. With strongly alkaline electrolyig?(14), the potential for the discharge of pure ahio can be as low
as -2.33V; with respect to the standard hydrogesctedde [1] .The tri-valence of aluminium along lwits light
weight yields a high electrochemical equivalenc& 884h/g [2]. Thus aluminium is a suitable anodsarial for
hundreds of years. Eventhough, aluminium act asi@nio alkaline medium it undergoes corrosion \iiyldrogen
evolution. In the efforts to mitigate aluminium omsion, the main strategy is to effectively isol#tte metal from
corrosive agents, by the use of corrosion inhibit@rganic substances containing polar functiorth witrogen,
oxygen and/or sulphur atoms in a conjugated sydiawe been reported to exhibit good inhibiting prtips.
Corrosion inhibition occurs via adsorption of themolecules on the corroding metal surface and ieffiy of
inhibition depends on the mechanical, structura eimemical characteristics of the adsorption lajensied under
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particular conditions [3].The inhibitor used in the present study (PHPP) Hefyl)-3-(2-hydroxy phenyl)-
propenonds a non toxic, and environmental friendly organiengmund. It contains O atoms containing lone pairs
of electrons as act as active centres and aromagjs with delocalize @ electrons which could aid its adsorption
onto metal surfaces. Furthermore it has a high cutde weight (224 ) and likely to cover more sugacea (due to
adsorption) of the metal thus effectively prevegticorrosion from taking place [4].The present stadiys at
investigating the inhibitive effect of PHPP on alaiam corrosion in alkaline medium under variousperatures
(303K and 323K using weight loss method and elebimical methods). The influence of TBAB on thecaiggon
and corrosion inhibitive properties of PHPP has &lsen studied.

MATERIALSAND METHODS

M aterials preparations

Commercially available aluminium sheet was cutanf different coupons of dimension, 2.0 cm x 1.0 xi®.14
cm for weight loss studies. Each coupon was waslithdethanol, rinsed with acetone and allowed tpidrthe air
before preservation in the desiccators. The aluminspecimens for the electrochemical measuremeats
machine cut from aluminium sample into test ela#o of dimensions, 8 cm x1 cm x 0.14 cm and cowfidud
epoxy resin (araldite) leaving a surface areamh? All reagents used for the study were analyticaldg and
double distilled water was used for the study.

Synthesis of 1-(phenyl)-3-(2-hydroxy phenyl)-propenone (PHPP)

The compound, 1-(phenyl)-3-(2-hydroxy phenyl)-propeewas synthesized and recrystallised as per the texpor
procedure detailed below [5]. A mixture of O-hydybenzaldehyde (0.43mol), Acetophenone (0.43mol) and
sodium hydroxide (0.55 mol) in ethanol was stiroeshtinuously with mechanical stirrer at roomtengbere for
about 2-3 hours.The reaction mixture is left oignhin a refrigerator.The separated product wheréd on a
Buchner funnel and washed with cold water.The pitatied product was recrystallised from ethanol @ndas
characterized by uv-visible and I.R spectral stsidighe molecular weight of the compound (224) weteminined

by Rast method of determining molecular weight #imel value was found to agree with formula weighte T
structure of the molecule is shown below. The hitbr, PHPP was dissolved in 1.0 M sodium hydroxide
appropriate quantities for the inhibition studies.

OH H O

AN

H

1-(phenyl)-3-(2-hydr oxy phenyl)-propenone (PHPP)

Gravimetric experiment:

The aluminium specimens, prepared for the studyewegighed and suspended in beakers containing 1G8f m
aerated, unstirred 1.0 M NaOH solutions without aritth the inhibitor with the aid of glass hooks.€lrboupons
were retrieved after one hour, scrubbed with kibtiush under running water until they are cleaieddn acetone
and re-weighed, to determine the weight loss.

Electrochemical measurements

The aluminium coupons, prepared as detailed ahesas,used as working electrode. Before each expatjrttee
exposed area of the working electrode was polistitd soft 3M 1500 sand paper, to a metallic shiftgen it was
washed with distilled water, degreased with ethammld finally dried with soft paper. The electroctieal
measurements were performed in a conventional #leztrode glass cell which consists of aluminiasiworking
electrode (WE), platinum as counter electrode (@BJl a saturated calomel electrode (SCE) as theersfe
electrode. The electrode potential was allowed tabikze for 60 min before starting the measurement
Measurements were performed using Princeton Apglesearch Electrochemical Analyser (model KO264riic
cell kit). Electrochemical analyser software wadidor plotting, graphing and fitting data. Tafedlgrization
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curves were obtained by changing the electrodenfiateautomatically from -1.7 mV to -1.3 mV aroungen
circuit potential with scan rate of 10 mV/sec. Irdpece measurements were carried out in frequemgeriiom 10
kHz to 1 Hz using ac signals with an amplitude B2V peak to peak at open circuit potential.

RESULTSAND DISCUSSION

The inhibition efficiency of the inhibitor (%Il) @ndegree of surface covera@® Wwere determined from the weight
loss data using equations 1 and 2 respectively.
%IE = (1- —2)x100 (1)
wy
0= (1- -2 @)
1

w-

whereW; andW, are weight losses of aluminium in the absenceiartde presence of inhibitor The variation of
weight loss for the corrosion of aluminium in IM @l ,in the absence and presence of various coratiemts of
the inhibitor at 38K and 323K was determined. The results were recard@dble 1.

Table1: Corrosion parametersfor aluminium in 1M NaOH in the absence and presence of different concentrations of (PHPP) at 303K
and 323K.

[Inhibitor],M | ®, Temperature (IE %)
303K | 323K | 303K| 323K

0.000025 0.090 9.00
0.000050 0.143 - 14.3
0.000075 0.200 - 20.0
0.000100 0.371 371

0.000250 0.580 | 0.492 | 58.0 | 49.2
0.000500 0.630 - 63.0 | -

0.000750 0.650 - 65.0 | -
0.002500 0.710 | 069 | 71.0 | 69
0.005000 0.730 | 0.70 | 73.0 | 70
0.007500 0.745| 0.73 | 745 | 73
0.010000 0.760 | 0.74 | 76.0 | 74

The results revealed that the inhibition efficiasciincreased with increase in concentrations of PHPand
decreased with increasing temperature, indicatiagjthe adsorption of (PHPP) on Aluminium surfaceansistent
with the mechanism of physical adsorption [6-12].

Adsor ption consideration

It has been suggested generally that physicallprbdsl molecules are attached to the metal at tthemdas and
essentially retard metal dissolution by inhibititttge cathodic reaction whereas chemically adsorbetecules
protect anodic areas and reduce the dissolutigheofnetal at the sites where they are attached $]1.3-he nature
of adsorption, has been assessed using the vdlsesface coveragé) for the system at two different temperature
303K and323K. By fit tingd values to the isotherms of Frumkin, Langmiur, Abluggins, Temkin and El-
Awady’s et al. The correlation coefficie®?) values were used to determine the best fit isother

Langmuir adsorption isotherm model has the form,
iTro e 3)

0 Kads

wheref is the surface coverage, C is the concentrai{gg, is the equilibrium constant of adsorption process.

The slope deviates from unity indicating that thisrattraction or repulsion in the adsorbed layahe inhibitor on
the aluminium surface. [16, 17].

The Flory-Huggins adsorption isotherm can be gieithe following equation [4]

log ¢) = logK +log (18) (4)
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The plots of Iog%) against lo (1-8) gave a linear relationship (fig.3 and figghowing that Flor-Huggins
isotherm was obeyed. The values of the size pas(wtre positiveTable 2).ltindicates that the PHPP inhibit
molecules are adsorbed aluminium sumlce by displacing more than one wateiecule 12].
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Table 2: Adsorption parameters of different isothermson aluminium surface.

Isotherm Temperature| R? LogK 445 X AG®,45,kImol™t
Langmui 30°C 0.999 3.674 - -31.436
9 50°C 0.998 3.522 - -30.559
. 30°C 0.968 | -1.2766 | 15.05 -17.523
Flory-Huggins 50°C 0.980 | -0.8338 | 10.25 -5.283
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Kinetic and thermodynamic consider ation

The inhibitor adsorption mechanism was further ielaing by the kinetic assessment of the experialatdta. The
apparent activation energieg,| for the corrosion process, in the absence andiénptesence of inhibitor were
evaluated from Arrhenius equation, which is givetolw[18,19].

T2 - _Ea 1 _ 1
log - _2.303R(T1 T2) ®)

where r;, and 1, are the corrosion rates at temperature 383K 323K, respectively. The heat of
adsorption Q.4 ;was calculated using the following equation [20-23]

6. 6 T1xT: _
Quas = 2.303R [Iogﬁ - Iogﬁ] X [LTZ] kJ md~! (6)

T-Th

where R is the gas constanf); and 6, are the degrees of surface coverage at temperatures
T, and T, respectively. The&, values and),,;; were calculated using equations (8) and (9), aeegmted in Table

Table 3. Calculated valuesof E, and Q,4s for thedissolution of aluminium dissolutionin 1.0 M NaOH without and with PHPP

[inhibitor] M | E,, kimol™* | Quus ,kImol™t
Blank 3.687 -
0.00025 4.542 -14.437
0.00250 3.895 -3.869
0.00500 4.070 -6.001
0.00750 3.918 -3.153
0.0100( 4.12% -4.34¢

E, values ranged from 3.895to 4.542rkdl~* and are lower than the threshold value of 8&kJ™! required for
chemical adsorption, indicating that the adsorptérfPHPP) on aluminium surface occurs by the meicha of
physical adsorption [24, 25]. The heat of adsorpfig;; Vvalues were negative and ranged from -3.153 4013/
kJmol™? indicating that the adsorption of (PHPP) on alimimsurface is exothermic and the inhibition aéficy
decreased with rise in temperature and it also@tipipe physical adsorption mechanism [26,27].

Effect of tetrabutylammonium bromide addition

Literature survey reported that the presence oftgney compounds in alkaline media yields an excelinhibition
efficiency [28]. It is observed that the TBAB impes adsorption efficiency of the organic inhibif@HPP) by
forming intermediate bridges between the metalas@rfand the organic inhibitor.The observed enhaantrof
inhibition efficiency of PHPP, in the presencel&AB ions , was determined by the synergism paransgt, was
evaluated using the relationship given by Armald &fackerman [29]:

S = 16142 (7)

1-6'142

wheref,,, =©; + 6,); 6, surface area coverage of the TBeation, 8, surface area coverage of the organic
anion andd’= measured inhibition efficiency for the organithibitor anion in combination with TBA cation. The
results obtained are presented (Table 4). Tlfg values are greater than unity, suggesting thatenhanced
inhibition efficiency, resulting from the combinati of organic inhibitor anion and TBAcation is due to
synergism. Similar results have been reported [30].
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Table4 Synergistic parameter S, valuesfor different concentrations of PHPP determined from weight loss method at 303K

Surface ared Inhibition Synergism
[Inhibitor],M coverage, - o parameter
0 efficiency (%l) S,
TBAB
0.00075 0.094 9.4 -
PHPP
0.00007! 0.200 20.0 -
0.00010t 0.371 371 -
0.00025! 0.580 58.0 -
0.00050! 0.630 63.0 -
0.00075! 0.650 65.0 -
TBAB+PHPF
0.00075+0.00007 0.580 58.0 1.68
0.00075+0.0001( 0.560 56.0 1.22
0.00075+0.0002¢ 0.760 76.0 1.36
0.00075+0.0005( 0.730 73.0 1.02
0.00075+0.0007¢ 0.790 79.0 1.22

Potentiodynamic polarization measur ements
The potentiodynamic polarizatiarurves fig.5 and 6)for aluminium in 1M NaOH with and without the addit of
PHPP in various concentrations.
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Figureb.
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The corrosion potentiét,,,-), corrosion current dens (i.,+) anodicand cathodic slope{3, and3.) at different
inhibitor concentrations are shown (Table

Table 3: The electrochemical parameters for the corrosion of aluminium in 1M NaOH in the absence and presence of different
concentration of PHPP at 303K.

[Concentration], N | E.opr, V | Lory, MAcm™2 | B, mVdec™ | B,, mVdec!

Blank -1.592 16.135 270.5 496.5
7.50 x107° -1.583 13.599 273.6 489.5
1.00 x107* -1.579 12.540 277.5 492.3
2.50 x107* -1.574 9.313 257.0 523.3
7.50 x10™* -1.566 10.211 262.3 533.5
7.50 x1073 -1.544 8.077 222.4 438.6
1.00 x10°2 -1.533 6.448 222.1 394.3

Both the anodic andathodic Tafe slopes were altered significantly andsitggested that the inhibitor exerted
efficient inhibitory effect botton anodic dissolution of metal aon cathodic hydrogereduction reactioi31]. The
corrosion potential is shifted tpositive direction at mc by +59 mV and the corrasmi current decreasimarkedly
[32, 33.These results indicate that the inhibitor acts asixed type indicatc

Electrochemical impedance measurements

The effects of the inhibitor concentration on impedance behaviour of the aluminium in NaOH wstalied
.Nyquist plots of aluminium iiM NaOH ir the presence and absence of various concentraifdrldPP are give
(fig.7).The inhibition efficiency ,(%IE )were calculatedofn the impedance data byplying the following
relationship:

%IE =P=Reoy 100 ®)
Rp

Where Roand Rpare the polarization resistance in the absenceasgnce of PHP
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The impedance diagram consists of a large (tive loop which is semicircle in shape at high fregcies and
small inductive one at thmedium tequencies. The semicircle loomlicates that a charge transfer process mi
controls the corrosion of aluminit.Deviations of perfect circular shape can be im@asthe frequency dispersion
of interfacialimpedence. This is due to the inhomogeneity ofelleetrode surface arisg from surface roucness or
interfacial phenomena [34, Bbhe impedance parameters derived from investigatare given in Tak 4.
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Table 4 Impedance parametersfor the corrosion of aluminium in 1M NaOH in the absence and presence of different concentration of
PHPP at 303K.
Concentrationg R,, ohm | C,,uF | %IE

Blank 0.9075 555 -
7.50 x107° 1.476 49.26 38
1.00 x10™* 1.300 56.83 | 30.3
2.50 x10™* 1.987 37.19 | 54.70
7.50 x107* 2.283 | 4751 | 60.35
7.50 x1073 2.829 - 68.00
1.00 x1072 3.966 58.06 | 77.18

The effective corrosion resistance is observedtdiiee increase dt,, and the decrease 6§, values [36].

CONCLUSION

The chalcone PHPP was used as a inhibitor for aliwmi corrosion in alkaline media.The inhibitionieféncy (%l)
increased with increasing inhibitor concentrafidre inhibition efficiency decreased with increastegperature
indicating a weak interaction between the inhibitmlecules and the aluminium surface.Polarisatiodiss reveals
that the inhibitors act as a mixed type indicaldre values ofR, increased while th€;, values decreased with the
addition of inhibitor indicating the formation of surface film.The TBAB shows synergism with PHRRT
inhibition efficiency obtained from chemical methadd electrochemical method are in the same trend.
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