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ABSTRACT

The corrosion inhibition properties of 4-(2-hgayphenyl)-but-3-en-2-one (HPB) in 1M NaOH salo§ were
studied using chemical and electrochemical tephes. The inhibition efficiency was found to irase with
increasing concentration and decrease with incnegsiemperature. The corrosion inhibition data haween
analyzed using different isotherms like Langmugmkin and El-Awady’s isotherms. Polarisation curvegeal
that HBP act as the mixed type inhibitor. Electrectical impedance exhibits a large capacitive loaphigh
frequencies followed by an inductive loop at medfuequencies. The surface morphology of aluminianthie
presence and absence of inhibitor was studied mgBEM images.

Keywords: Aluminium corrosion, inhibition, adsorption isothe=and electrochemical methods.

INTRODUCTION

Aluminium lends wide range of industrial applicasoespecially in aerospace, household industrigscammonly
used in marine applications. This is because ofctirebination of light weight, good appearance aretmanical
strength, high thermal and electrical conductiViityaddition they are applied as the materialsfmty panels of the
automobile and the hydrogen gas vessels with heghpéerature applications[1-3]. The low atomic ma$s o
aluminium and its ability to transfer of three @¢teas per atom, complied with the negative valuehef standard
electrode potential make the metal potentiallyaative as an anode material for power sources Wgh energy
densities[4]. Aluminium depends on the presenceatfiral surface oxide film for its high corrosiogsistance in
several media, but alkaline solutions are knowretaler the oxide film non-protective, because @ dissolves
the protective oxide and the aluminium surface bdistaes a very negative potential, with the formatiof
aluminates ion[5-11]. This wasteful self-corrosi@sults in inacceptable high energy loss duringdiigt and the
safe problem for the use of batteries. Minimize slef corrosion by modify the electrolyte with thddition of
organic inhibitors[12-16]. Many researches showkdt tthe electrochemical behaviours of aluminiungedy
depend on the applied electrolyte[17,18]. Succésshibitors should keep aluminium anode electroutoally
active while reducing its corrosion rate to a losvdl. Several workers have employed organic andgaric
compounds as corrosion inhibitors to control thigle film dissolution[19-22]. compared with Inorgarcorrosion
inhibitors, using organic corrosion inhibitors is affective, inexpensive and less pollution meahseducing the
degradation of metals[23-27]. Organic compounddainimg polar groups such as N, S and O as wedlramatic
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compounds with conjugated double bonds have bgmrtesl as good corrosion resistant for Aluminiunalkaline
medium[28,29]. Due to the presence of the - C=Qsgrand O atoms in the HPB molecule, leads to bea g
corrosion inhibitor.

MATERIALS AND METHODS

2. Experimental

Commercially pure aluminium samples, for the weigiss studies were cut to form different coupomsatision, 2
cm x 1 cm x .14 cm. Each coupon was washed witaneth rinsed with acetone and allowed to dry in dfreand
preserved in desiccators. The aluminium specimenshe electrochemical measurements were machineo
test electrodes of dimension, 8 cm x1 cm x 0.14aach coated with epoxy resin (araldite) leaving dase area of
1cm?. The corrosive medium, 1.0 M NaOH solution wasppred from analytical reagent grade NaOH (MERCK)
and double distilled water.

2.1. Synthesis of 4-(2-hydroxyphenyl)-3-butene-2-en

The compound, 4-(2-hydroxyphenyl)-3-butene-2-ones veynthesized and recrystallised as per the raporte
synthesis procedure detailed below[30]. A mixtufedshydroxybenzaldehyde (0.43 mol) and acetone3(0nbl)
and sodium hydroxide (0.55 mol) was stirred cordgimly with mechanical stirrer at room temperatwe 2-3
hours. The reaction mixture is left overnight inedrigerator. The separated product was filteredacBuchner
funnel and washed with cold water. The precipitggeztiuct was purified by hot ethanol and was idieatiby U.V
and I.R spectra. The molecular weight of the conmglas 162. The structure of the molecule is shoetow. The
HPB was dissolved in 1.0 M sodium hydroxide in appiate quantities for the inhibition studies.

OH

CH
3
cH=—cH——c"

o]

2.2. Weight loss measurements

The known weight of aluminium specimen was immerisebeakers containing 100 ml of aerated unstifr€dM
NaOH solutions without and with the inhibitor, withe aid of glass hooks. To determine the weighs lthe
coupons were withdrawn from the test solution aftee hour, scrubbed with bristle brush under rugpmiater until
they are clean, dried in acetone and re-weighed.

2.3. Electrochemical measurements

The aluminium coupons which were prepared as demtrabove were used as working electrode. Befoch ea
experiment, the exposed area of the working eldetnwas polished with soft 3M 1500 sand paper, etallic
shine. Then it was washed with distilled water, rdaged with ethanol, and finally dried with soffppa The
electrochemical measurements were performed in ravecional three electrode glass cell which cossist
aluminium as working electrode (WE), platinum ctaurelectrode (CE) and a saturated calomel eleet(8EE) as
the reference electrode. The electrode potential allawed to stabilize 60 min before starting theasurements.
Measurements were performed using Princeton Apgliesearch Electrochemical Analyzer (model KO264riic
cell kit). Electrochemical analyzer software wafdidor plotting, graphing and fitting data. Tafedlgrization
curves were obtained by changing the electrodenfiateautomatically from -1.7 mV to -1.1 mV arougen
circuit potential with scan rate of 10 mV/sec. Imdpece measurements were carried out in frequemgerftom
100 kHz to 10 Hz using ac signals with amplitud28fmV peak to peak at open circuit potential.

2.4. SEM analysis

SEM analysis was performed using JEOL MODEL-JSMG68%ade in Japan. Prior to analysis, the Al specemen
were kept immersed in 1.0 M NaOH for 1 hr in theence and presence of 0.01, 4-(2-hydroxyphenl)tgne-2-
one. Finally, the specimens were washed thoroughtgmove loosely adsorbed ions.
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RESULTS AND DISCUSSION

3.1. Weight loss studies

The values of inhibition efficiency obtained froneight loss experiment for corrosion of aluminiunilioM NaOH

in presence of different concentration of HPB &tCG@nd 50C are given ( Tablel). The %IE was calculated from
following relationship.

%IE =7~ x 100

Where, Wand W are weight loss of aluminium in absence aedgnce of inhibitor.

Table -1. Calculation of Inhibition efficiency by using weight loss studies.

- 0 %IE
[Inhibitor] M 30°C 50C | 30C 50C
0.000100 0.250 ; 25 ;
0.000250 0.318 ; 318
0.000500 0.340 ; 34.0
0.000750 0.431 ; 431 ;
0.001000 0500 | 0.320 | 50.0 32.0
0.001250 0523 | 0328 | 523 32.8
0.002500 0.660 | 0.344 | 66.0 34.4
0.005000 0705 | 0.496 | 705 49.6
0.007500 0727 | 0648 | 72.7 64.8
0.010000 0.750 - 75.0 )
0.012500 0.773 : 773

This suggests magnitude of adsorption and surfagerage by inhibitor on Aluminium surface increaséth
concentration of inhibitor[31-32].

3.2. Adsorption isotherm and thermodynamic parametes

The action of an inhibitor in aggressive alkalinedia is assumed to be due to its adsorption amttal/solution
interface. In order to obtain the adsorption isothethe degree of surface coveragg ¢f the inhibitor must be
calculated. In this study, the degree of surfaceerge valuestj for various concentrations of the inhibitors in
alkaline media have been evaluated from the wedags studies and listed (Table-1). Attempts werdena fit the

0 values to various isotherms including Langmuimiken and El-Awadys et al.

The Langmuir isotherm is given by[33].

o _
1-6) Kle]

Where K is the binding constant representing therattion of the inhibitor with the metal surfacedeC is the
concentration of the inhibitor.

The El-Awady'’s et al isotherm is given by[34].

0 ,
log [(1_9)] =log k +y log C

where y is the number of inhibitor molecules ocdogyone active site. The binding constant K is gibg:

K =k’ )
It is important to note that values of 1/y lessnthuity imply the formation of multilayers of thehibitors on the
surface of the metal values of 1/y greater thatyumean that a given inhibitor molecule will opgumore than

one active site.

The Temkin isotherm is given by[35].
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exp (-2@) = KC

Where K is the adsorption equilibrium and a is ithteraction parameter if the interaction parametueswere
negative, it reflects the repulsion exists in tdsaption layer. This result is coinciding with lggnuir adsorption
The slope deviates from unity indicating that thisrattraction or repulsion in the adsorbed layfenbibitor on the
aluminium surface [36,37]Fig 14 shows the adsorption of HPB to the Langmui-awady’'s et al and Temkir
isotherm model respectively. The parameters obddlireen these figures are given (Table

0.02
0.018 -+
0.016 -+
0.014 y =1.281x + 0.000
R?=0.995
[e)
) 0.012
0.01 y = 1.294x + 0.002
0.008 R?2=0.922
0.006
0.004
0.002
0 T T T T T T 1
0 0.002 0.004 0.006 0.008 0.01 0.012 0.014
C
Fig.1. Langmuir’s isotherm for the adsorption of HFB on the aluminium surface
5 -
¢ 30
y =0.516x + 3.467
R?=0.976
D
- | 50
)
%0 y=0.633x + 2.971
- R?2=0.856
——Linear (30)
' ——Linear (50)
0 0.5 1 15 P 2.5
logC

Fig.2. El-Awady’s isotherm for the adsorption of HPB on the &uminium surface.
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Fig.3.Temkin’s isotherm for the adsorption of HPB @ the aluminium surface at30*0.5
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Fig.4. Temkin's isotherm for the adsorption of HPBon the aluminium surface at50*0..5°C.

Table 2.Various parameters obtained from the adsorption istherms.

Langmuir Temkins El-awady’s et all
R AG%u R® AG°% a R AG%q 1y
3C°C  0.995-29.44(0.968-37.907-4.2050.976-49.1391.94
5C°C  0.922-25.0170.852-32.1833.2820.856-37.3561.58

Temperatur

The regression coefficieR? was used to determine the best fit isotherm[38].Agithese three, the best fit w
obtaineq R? = 0.995) with the Langmuir adsorption .Using Langmadsorption isothernk, :ﬁ y Kaas
values are calculated at different concentratiohthe inhibitor. The values olK,,, are related to the standard
Gibbs free energy of adsorptidig°, ;5 by the following equation.

AG°s =-2.303 RT log (55,4 )
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where AG®,4s IS Gibbs free energy of adsorption, T is the terapge in Kelvin an K, 4 is the equilibrium
constant for the adsorption process and 55.5 isnhlar concentration of water in solution. The diand Gibbs fre:
energy of adsorption of HPB on the aluminium swfat different concentrations at 303K and 323K wasulatec
(Table 3). The spontaneity of the adsorption process and the stability of the adsorbed species on the aluminium
surface were confirmed by the negative values of AG°,;s [39,40]. In general, the values AG°,,;, around -20 kJ
mol™! are consistdn with physisorption while those aroun-40 kJ mol™! or higher corresponds
chemisorptions[41,42]. The enthalpy of adsorf AH%,qsand entropy of adsorption AS°,s can also be calculated
using the following basic thermodynamic equatand the values are listed (Table 3).

AG%ads ) AG®ads = AH® Ty-Ty
T, T, - ads™r. 1
1 2 112

AGoads - AHoads :TASOads

The negative values ofAH%qs inferred that the adsorption of inhibitor is axothermic proce>.In an
exothermic procesghysisorption is distinguished from chemisorptidnys considering the absolute value
adsorption enthalpy. As per the literature, thehalpy of a physisorption process is lower t-41.86 kJ mol
Ywhile the enthalpy of a chemisorptions roaches -100 kJ mib[43]. The calculated values (AH%gs obtained
in this study are less tham1-86 kJ mc! indicates physical adsorption of HPB on themahium surface. Th
negative values ofS°,4 reveal that there is a decrease inorderliness of the inhibitors on the aluminil
surface[44].

Table 3.Various thermodynamic parameters for the adsorptionof HPB on aluminium surface

[inhibitor] M AG®;kJ mol* AG°,kJ mol* AH° kJ mol*AS° J mol’K
0.00100 27523  -27.316  -30.630  -10.259
0.0012!  -27.194 -26.815 -32.978  -19.088
0.0025(  -26.886  -25.146  -53.235  -86.97
0.0050(  -25.664  -24.975  -36.110 -34.5
0.0075( 24915  -25.568  -24.024 -2.95

1.1 -

1.2

1.3

1.4 - == blank
O e —%—0.00025
Al 15 -
g ~#—0.001
>| 16 -
5 —0.0025
2| 45
o | L7 —>=0.00075

1.8

1.9 :

5 4 3 2 1 0 1 2

Log | (MA Cm™2)

Fig .5. Potentiodynamic polarization curves for alminium in 1M NaOH containing different concentrations of HPB

3.3Polarisation curve measuremen
To determine the polarization characteristics, e scan rate to be fixed. In this experimentm® min 1 has
been fixed as the proper scanning rate to evath@tcorrosion behaviour of aluminium in NaOH solutidfig.5
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displays the potentiodynamic polarization curves &uminium in 1M NaOH solution containing diffete
concentrations of HPB. The parameters include thmsion potential, .., anodic and cathodic Tafel constaif,

andgf.; and the corrosion current densil,,, are presented (Table4) .

Table 4.The electrochemical parameter for aluminium in alkdine solution containing different concentrations é HPB.

[Concentration], NE ., V Loy, MAcm™2 B, mV dec™* B, mV dec™?!

Blank -1.592 16.135 270.5 496.5
2.50 x107* -1.422 13.836 251.6 401.5
7.50 x107* -1.569 11.626 202.0 506.4
1.00 x1073 -1.591 9.016 191.2 480.4
2.50 x1073 -1.518 6.510 206.1 479.4

It is observed that, the HPB affects both anodid eathodic part of the polarization curves. Thisamgethat th
HPB influence both the dissolution of aluminium ahe hydrogen evolution processes indicating that HPB
behaves as mixed typehibitor. The corrosion of aluminium occurs thréugn oxide film followed by dissolutic
at the oxide/electrolyte surface[45]. As indicaledable, increasing concentration of HPB increabespercentag
of inhibition. This could be attributed to arption of the HPB on the anodic and cathodic sdésluminium
surface leading to decrease of the exposed aressay for aluminium dissolution and hydrogen etiohf46,47]

3.4 Electrochemical impedance spectrosco

Fig 6. represents the Nyquist gram for aluminium in 1.0M NaOH at °C without and with various concentratic
of HPB. The impedence spectra consist of a largmatve loop at high frequency (HF) followed bysmall
inductive loop one at low frequency.The valuesthef polarizatiorresistance and double layer capacitance

recorded (Table 5).

Table 5.Impedance parameters for the corrosion of aluminiumn 1M NaOH in the absence and presence of differésoncentration of

HPB.
[Inhibitor], M R,, ohm Cq, UF
Blank 0.9075 55.5
250 x10™* 1.917 82.9
7.50 x10™* 1.424 51.89
1.00 x1073 1.843 40.09
2.50 x1073 2.989 53.16
2.5 -
2 _
1.5 - == blank
0.001
£
S 1 —>¢=0.0025
~ 3= 0.00075
g O 5 _
- . ——0.00025
O T 1
T 2 4 8
-0.5

Re (Z), Ohm

Fig .6. Nyquist plots for aluminium in theabsence and presence of different concentration$ HPB.
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After adding HPB the shape is not changed throughaeries of inhibitor concentrations, indicatthgt there i
almost no change in the corrosion mechanism oatuego the inhibitoaddition. The capacitive loop at the HF
corresponding to the interfacial reactions; patéidy the reaction of aluminium oxidation at t
metal/oxide/electrolyte surface[48].The inductiveop arises due to the relaxation of adsorbed ch:
intermedates[49]. These high frequency loops are not pedemicircles which can be attributed to the festpy
dispersion as a result of the roughness and inhenemus of electrode surfacel!

Fig.7a.

20kV  X7,500 2pym_ 11,29 SEI

Fig.7c.
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Scanning electron microscopy[51]

For surface morphology study, SEM analysis waseguwut on the Al samples immersed in 1.0 M NaOHhitgm

for 1hr in the presence and absence of the inmgitbhe SEM images of the aluminium bare metalamerfand
without inhibitor in 1.0 M NaOH are displayed (Figq and 7b).The fig 7b. displayed the pits and ce=vion the
metal surface. The fig.7c shows that HPB almostpietaly covers the material surface and protecfsoin the
aggressive media.

CONCLUSION

1.4-(2-hydroxyphenyl)-but-3-en-2-one acted as adgimhibitor for the corrosion of aluminium iM NaOH
solution.

2.The percentage inhibition increases with the irgeeia inhibitor concentration and decreases witheiase in
temperature.

3.The adsorption of the inhibitor molecules on thew@hium surface obeys Langmuir adsorption isotherm.

4. Thermodynamic parameters indicated that the adsaorig spontaneous and exothermic process.

5.The inhibition efficiency obtained from chemical tined and electrochemical method are in good agreeme
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