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ABSTRACT

The adsorption characteristics of [1-(2,4-dihydyex phenyl)-3-(4-hydroxy- 3-methoxy-phenyl)- propeno
(DPHMPP) on the corrosion of aluminium in alkalimeedium was investigated at' @0and 50C by weight loss
and polarization measurements. The inhibition &fficy was found to increase with increasing corregion of the
inhibitor. The temperature studies showed a de@dasefficiency with rise in temperature. Syneigigffect of
tetrabutylammonium bromide (TBAB) increased thebitibn efficiency of DPHMPP. Gasometric measuretaen
showed that the addition of DPHMPP to NaOH suppdghe evolution of hydrogen gas. The inhibitor feasmd
influence both the anodic and cathodic corrosioacté®ons and thus acts as mixed type inhibitor. atisorption of
the inhibitor was found to obey Langmuir, EI-Awatigmkins and Flory Huggins adsorption isotherms.

Keywords: Adsorption isotherm, Aluminium corrosion, chemicalethod, electrochemical method, organic
inhibitor,

INTRODUCTION

Aluminium is remarkable for its low cost, high sigth to weight ratio and for its ability to resisbrrosion.
Structural components made from aluminium andlit/s are vital to the aerospace industry and amgortant in
other areas of transportation and structural mageriAluminium has excellent corrosion resistanae tb a thin
surface layer of aluminium oxide that forms whewe thetal is exposed to air, effectively preventingtter
oxidation. This corrosion resistance is greatlyumstl by alkaline medium. Therefore the study ofrazion
inhibition of aluminium in alkaline medium has gathgreat importance in recent years [1-3].

The efficiency of an organic inhibitor depends dre thature and the state of the metallic surfacematal
composition and structure of the inhibitor. Organ@mpounds containing nitrogen, sulphur, and oxyigethe
conjugated system have been reported as effecthrkiors of aluminium corrosion in different aqusosolutions.
The success of an organic compound as a corrasioitor is mainly dependent on its adsorption ighilvith the
polar groups acting effectively as the centre foe tadsorption process [4-7]. The present studyirised to
investigate the efficiency of DPHMPP as a corrosiohibitor for aluminium in 1.0 N NaOH by weight ds,
gasometric, and electrochemical methods.

MATERIALS AND METHODS

Preparation of DPHMPP:

The preparation of DPHMPP was carried out by CraiSehmidt condensation. Commercially available Niani
and dihydroxyacetophenone were mixed in a porceferntar. Then solid NaOH was added and the mixiuae
ground with a pestle for about 5-10 minutes. Afidew seconds of grinding, the reaction mixtureéaryellow and
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became pasty [8, 9]. Grinding was continued uhgl mixture solidified and the solid broke up intoadl particles.
Distilled water was added at the end of the grigdperiod and the product mixed well with the waf€he
suspension was vacuum filtered and washed withrweieg a Buchner funnel and it was allowed today- The
crude product was recrystallized from 95% ethafible product was confirmed by Rast method of detgngi
molecular weight and IR spectroscopy.

1-(2,4-Dihydroxy-phenyl)-3-(4-hydroxy-3-methoxy-phenyl)-propenone [ DPHMP P]

Weight loss experiments:

The weight loss experiments were carried out wéitmgles of aluminium in the form of sheets with tl@ensions,

2 cmx1 cmx0.14 cm, that were cut from commerciag@iuminium. Before each measurement the specimeres
polished with different grades of emery papers. $hmples were then degreased with acetone anduttdyo
washed with deionised water and air dried. Thengddaand weighed aluminium coupons were immersddnml

of 1.0 N NaOH solution, with and without the adaiitiof different concentration of DPHMPP with thd aff glass
hooks [10, 11] at 30° and D), respectively. After 1 h immersion, the aluminispecimens were carefully washed
with double-distilled water, dried, and then weidh&he weight loss was taken as the difference datwthe
weight at a given time and the initial weight oéttest coupon. The average weight loss for thrésrméations is
reported in this study. The surface coverage ahithition efficiencies were evaluated using thedaling formulas:

Win — Wi

Surface coveragd] = —-
Wo

Percentage inhibition efficiency, %E

Wi

— % 100

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

Gasometric method:

Hydrogen evolution measurements were carried o@0&€, using [12]. The test samples were kept inseckin
100mL of NaOH solution with and without inhibitar & vessel which allows the measurement of thervelaf H

evolved. The progress of the corrosion reaction mvasitored by the measurement of the volume of diyein gas
evolved at fixed time intervals. The inhibition ieféncy and degree of surface coverage were caémliiasing the
following formulas:

Surface coveragd, = 1— =+
¥ Ht

Inhibition efficiency, %! = {1 — —££}x100
* He

where V, is the volume of hydrogen evolved at time t fdnibited solution and Y is the volume of hydrogen
evolved at time t for uninhibited solution.

Electrochemical measurements:

The electrochemical experiments were carried omguBrinstone Electrochemical Analyzer, Model KO28itro-

cell kit. The aluminium specimens was machine tg coupons of dimensions 8 cmx1 cmx0.14 cm anceeodd

in epoxy resin (araldite) leaving a surface ared aff usedfor electrochemical measurements. A conventional
three electrode cell consisting of aluminium as kiay electrode, saturated calomel electrode andinpia
electrode as reference and counter electrodeseatsgly, was used. In each measurement a freskkingpr
electrode was used. Several runs were performeddoin measurement to obtain reproducible data.fdineula
used for calculating %IE by electrochemical polatian method was

%IE= 252k » 100

0
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where, §=corrosion current density in absence of inhibéod |,,=corrosion current density in presence of inhibitor

The inhibition efficiency was calculated from chatgansfer resistance values, by the following fdan

Ropdinhy —Rpt
%IE= ————— x 100

See(inh)

where, R= charge transfer resistance in the absence obitohiand Rynn=charge transfer resistance in the
presence of inhibitor

RESULTS AND DISCUSSION

Weight loss method:

The difference of the weight loss of aluminium if® N NaOH solution with and without the addition\afrious

concentration of DPHMPP was determined by weighs Imethod at 30° and 50°C. At each concentraticihef
inhibitor the percentage inhibition efficiency wealculated. The calculated values are shown (Tabl&his could

be seen from the weight loss decreases with inicigasncentration of inhibitor it shows that amoohtdsorption
and the coverage of the inhibitor on the electrsuléace increase with increasing concentrationusTthe electrode
surface is efficiently separated from the mediumfdayning a protective film that blocks the metalfage. The

percentage of inhibition efficiency decreases viittrease in temperature and it is probably dueh®physical

adsorption [13-15] of inhibitor on the corroding talesurface.

Table 1: Inhibition of corrosion of aluminium in 0.1N NaOH in the absence and in the presence of inliibr (DPHMPP) at 30° C and 50°

Concentration, M Surfa(c:e coverage % IE
30°C 50°C 30°C| 50°CQ
1x10° 0.155 - 155 -
1.25x10° 0.222 - 222
2.5x10* 0.456 - 45.6
5x10* 0.511 - 51.1
1x10° 0.556 0451 | 55.6 | 45.1
1.25x10° 0.644 0.473 64.4 | 47.3
2.5x10° 0.689 0.500 | 68.9 | 50.0
5x10° 0.722 0.522 | 72.2 | 52.2
7.5x10° 0.822 0.527 82.2 | 52.7

ADSORPTION ISOTHERMS

Adsorption isotherms are very important in deteimanthe mechanism of organo-electrochemical readtid].
The most frequently used isotherms are Langmuimkie, Flory-Huggins and El-Awady adsorption isotet All
these isotherms are of the general form:

flB.x)exp (—2af) = KC

wheref (£, x) is the configurational facto#, is the surface coverage degree, C is the inhibitacentration in the

electrolyte x is the size factor rati@ is the molecular interation parameter, &g is the equilibrium constant of
the adsorption process.

Attempts were made to fitvalues to the isotherms of Langmuir, Temkin, Hbiyggins and El-Awady et.al.

Langmuir adsorption isotherm

The data obtained from weight loss method wasdfiti® adsorption isotherm studies, from which regjoas
coefficient, R and K,qswere calculated and the calculated values are sif@able.2). The Rvalues are very close
to unity, indicating strong adherence to Langmdsaption isotherm. A plot of @As C at various temperatures is
shown [Fig.1]. The resulting parallel lines at diffnt temperature confirm that inhibition was du¢hie monolayer
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adsorption of DPHMPP on the metal surface. Theal®r of slope value from the unity may be reveaisthe
basis of the interaction among the adsorbed speni¢ise metal surface [17, 18, 19]

El-Awady adsorption isotherm
The calculated?_ .. and1 /v values are given (Table 2). Ti¢'w value shows that given inhibitor occupies more

than one active site on the metal surface. Theevafil{ ... decreases with increase in temperature indicaliat
adsorption of DPHMPP inhibitor on the aluminiumfase was unfavorable at higher temperature andntocms

g
to physisorption. A plot clog (ﬁ] vs logC at various temperature are shown [Fig.2]

Temkin adsorption isotherm
The values of surface coverag®) (vere plotted against logC for various concertratiof DPHMPP [Fig.3]. The

straight line indicates that the adsorption of loiair on the aluminium surface follows Temkins agi$ion isotherm
in alkaline medium. The negative value of ‘a’ shawgultion present in the adsorption layer [20].

Flory-Huggins adsorption isotherm

Flory-Huggins adsorption parameters such as reigreseefficient, R, size parameter, x, were calculated and the
g

results are shown (Table.2). The pIotlr:rfg; againstlog (1 — &) is linear (Fig.4) showing that Flory-Huggins

isotherm was obeyed.

Table 2: Langmuir, EI-Awady, Temkins and Flory Huggns adsorption parameters for adsorption oDPHMPP inhibitor on aluminium
in alkaline medium

|:.
Adsorption isotherm Temeerature Kai’f _‘ﬂ{;cdf R? slope| 1ly| -a X
*C) M kJ mot*
. 303 29.387 | 0.9926| 1.63
Langmir 323 2095.29 - 1.0000| 1.85
£l Awad 303 1439.79 | 28.442 | 0.9996 1.6
y 323 332.56 24750 | 0.9975 6.8
. 303 37.573 | 0.9922 8.8
Temkins 323 539?5.72 ) 0.9965 14.2
Flory Huaains 303 35115 20.225 | 0.9960 5.1
y Hugg 323 5.9318 12.920 | 0.9984 13.0

Fig.1. Langmuir adsorption isotherm for corrosion d aluminium in 1.0 N NaOH containing different con@ntration of DPHMPP
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Fig.2. EI-Awady adsorption isotherm for corrosion d aluminium in 1.0N NaOH containing different concetration of DPHMPP
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Fig.3.Temkins adsorption isotherm for corrosion ofaluminium in 1.0N NaOH containing different concentation of DPHMPP
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Fig.4. Flory-Huggins adsorption isotherm for DPHMPPin 1.0N NaOH solutions
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Gasometric method
The volume of hydrogen gas evolved during the o of aluminium in 1.0 N NaOH solution measuredaa

function of the reaction time and the data are espmted graphically (Fig.). It is obvious that tr@ume of
hydrogen gas evolved decreases with increase ioaheentration of DPHMPP indicating that the protctability
of inhibitor was concentration dependent. [21, ZPhe calculated values are given (Table.3). Thergaod
agreement between the %IE values determined byhivieigs and gasometric method.

Table:3
Concentration(M)| %IE
1x10° 56.6
2.5x10° 61.3
5x10° 71.9

Fig.5.Volume of Hydrogen gas evolved with time
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Synergistic effect:
The synergistic parameteg Bas calculated by the following formula

Sg=(1—81.2)/(1—-61.;)

where0, is the surface coverage by anifg,s the surface coverage by cation #ng, is the surface coverage by
both anion and cation. Synergistic effect of tatitgammoniumbromide (TBAB) increased the inhibitiefficiency
of the DPHMPP, in 1.0 N NaOH. The synergistic dffiscdue to the electrostatic interaction with bitor and
TBAB higher the surface coverage and greater theosion inhibition. The synergistic effect resultee given
(Table 4). It is clear the inhibition efficiencyrsrgistically increases on addition of 0.00075M TB# different
concentrations of DPHMPP.

Table 4: Inhibition of corrosion of aluminium in 0.1 N NaOH in the presence of DPHMPP +0.00075M TBAB ixture

Concentration, M| %IE| S
TBAB(0.00075) | 9.0
1x10*+TBAB 64.7 | 2.1
1.25x10+TBAB | 69.1 | 2.2
2.5x104+TBAB | 75.0 | 1.8
5x10“+TBAB 69.0| 1.3
1x10%+TBAB 720 1.3

Electrochemical methods

Potentiodynamic polarization method

Corrosion potentials, &, corrosion current densities,}, and percentage inhibition efficiency are shownb(&&).
The data reveals that the addition of the inhib#aifts the corrosion potential slightly in the jio® direction and
reduces both anodic and cathodic current densitibgsh is indicating that DPHMPP suppresses thetelde
reactions especially the inhibitor inhibits the ditodissolution. These results indicate that irteibacts as mixed
type. It is clear from Table that the values gabd k has small changes with increasing DPHMPP condéarra
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which indicate that these inhibitor act by simplediing the available surface area for both anadid cathodic

processes.

Impedance method

Table 5: potentiodynamic polarization parameters ér different concentration of DPHMPPin 1.0N NaOH

Concentration, M| -EwV | leor, MAcm® | b, mV dec | b, mV dec' | %IE
Blank 1.592 16135.63 270.5 496.5
1x10° 1.563 7117.95 190.0 485.4 55.9
1.25x10° 1.539 5670.05 251.6 497.0 64.9
5x10° 1.544 4797.40 223.0 528.5 70.3
7.5x10° 1.570 3815.99 186.1 491.0 76.4
Fig.6. Tafel plot
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Impedance measurements have been carried outuimiralm in the alkaline solution in the absence prekence

of the DPHMPP at OCP The inhibition efficiency withspect to R values are given (Table 6). Nyquist plots of
aluminium in 1.0 N NaOH, in the absence and presefidifferent concentrations of DPHMPP, are sh¢kig.7).
The each impedance diagram consist of a large itaealoop at high frequency, it is assigned to tetaxation
process in the aluminium oxide film presents onaheninium surface and its dielectic properties, [28]. A small
inductive loop at medium frequency followed by igiion of second capacitive loop at low frequeneajues could

be assigned to the metal dissolution. The valug.pincreases and Qlecreases with the increase in concentration
of DPHMPP indicate that the corrosion of aluminiinml.0 N NaOH is controlled by a charge transfercpss and

the corrosion inhibitor occurs through the adsomptf DPHMPP on aluminium surface [25,26].

Concentration, M | R(ohm) Ca (LF) %IE
Blank 0.9075 55.5
1x10° 2.469 43.93 63.2
1.25x10° 2.534 62.7 64.4
5x10° 4.175 38.06 78.3
7.5%x10° 4.555 23.55 80.1

Pelagia Research Library

Table 6: EIS measurements for different concentratin of DPHMPP in alkaline medium
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Fig.7. Nyquist plot
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SEM Technique
Scanning electron micrographs (SEM) of the alummim8urface in 1.0 N NaOH solution with and withoWIPHPP

are shown (Fig.8a, 8c & 8b). It is clear from tigufe the inhibited metal surface is smoother ttenuninhibited
surface, it proves that a protective layer formeerdhe metal surface and preventing the attad¥agH.

Fig.8a SEM photograph of aluminium before immersedn NaOH solution

20kV  X10,000 . 1pm 11 29 SEI

Fig.8b SEM photograph of aluminium after immersed n 1.0 N NaOH solution
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Fig.8c SEM photograph of aluminium after immersedn 1.0 N NaOH in presence of DPHMPP

. ®20kV -.X3,500 S5um « 1031 SEI

CONCLUSION

1. [1-(2,4-dihydroxy—phenyl)-3-(4-hydroxy-3-methoxy-gyl)-propenone] (DPHMPP) showed a maximum of
82.2% inhibiton of aluminium corrosion in alkalineedium.

2. Inhibition efficiency increases with increasing centration and higher the temperature the loweirthibition
efficiency.

3. It was found that the hydrogen evolution suppressetthe addition of inhibition by gasometric method

4. Additions of TBAB increase the inhibition efficiep®PHMPP The process of adsorption of the inhibitbeys
the entire four adsorption isotherm discussed.

5. The inhibitor was found to be of mixed type.

6. The mechanism of adsorption appears to be physisorp
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