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ABSTRACT

The inhibition effect of [3-(4-hydroxy-3-methoxyephl)-1-(2-hydroxy-phenyl-propenone (HMPHPP) onnaittium
metal in 1.0 N NaOH was studied by weight lossangmdtion measurements and SEM technique. Theitidrib
efficiency was found to increase with increasingaamtrations of the inhibitor. The maximum inhtuitiefficiency
was 72.5%. The effect of temperature on the camomhibition was studied and the inhibition eificcy was
found to decrease with the increase of temperatlitee inhibitor was mixed type and it was found t®yo
Langmuir, EI-Awady, Temkins and Flory Huggins agsion isotherms.

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

INTRODUCTION

Aluminium is widely used in various industrial opgons because of its light weight, relatively higiechanical
strength and good corrosion resistance. The pigkdihaluminium in NaOH/KOH for the purpose of deapmg
prior to anodizing or to give a matte finish is@ramon practice. Alkalis destroy the protective séfrAl,O; over
the metal surface and dissolve the metal at a tagh Therefore pickling inhibitors compatible walkalis, are
needed Thus study of corrosion inhibition of aluitnmn in alkaline medium has gained great importancecent
years [1-3].

The use of organic inhibitors containing sulphuitrogen and oxygen atoms are retarding the comosite
efficiency of an organic compound as a successfubitor is mainly dependent on its ability to gelsorbed on the
metal surface [4-7]. The lone pair of electrondi@tero atoms determines the adsorption of thedecuies on the
metal surface. In the present work the effect afious concentrations of HMPHPP as corrosion inbibfor
aluminium in 1.0 N NaOH was studied by chemicactelochemical and SEM techniques.

MATERIALSAND METHODS

Preparation of HM PHPP:

The compound HMPHPP was synthesized by solventsiyathesis as given below. The aromatic aldehydh as
vaniline and monohydroxyacetophenone were mixed salid NaOH and the mixture was ground with alpdst

about 5-10 minutes. After a few seconds of grindihg reaction mixture turned yellow and becameypiss 9].

Grinding was continued until the mixture solidifiadd the solid broke up into small particles. Thade product
was recrystallized by 95% ethanol. The product e@adirmed by Rast method of molecular weight deteation

IR and UV spectra.
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OH O

3-(4-Hydroxy-3-methoxy-phenyl)-1-(2-hydroxy-phenyl)-propenone (H MPH PP)

Chemical measurements:

The chemical measurements were carried out by tethods; weight loss method and gasometric methosas
performed with samples of aluminium in the formsbeets with the dimensions, 2 cmx1 cmx0.14 cm,Wea¢ cut
from commercially pure aluminium. Before each measient the specimens were polished with differeatigs of
emery papers. The samples were then degreasededgtbne and thoroughly washed with deionised watdrair
dried.

Weight loss method:

The cleaned and weighed aluminium coupons were mgedein 100 ml of 1.0 N NaOH with and without the
addition of different concentrations of HMPHPP withe aid of glass hooks [10, 11] at 303K and 323K,
respectively. After 1 h immersion, the aluminiunesimnens were carefully washed in double-distillextes, dried,
and then weighed. The weight loss data were olitairen the average value of three parallel samples.0 N
NaOH with and without inhibitor at different condsations.

Gasometric method:
Hydrogen evolution measurements were carried ou808K. The inhibition efficiency and degree of s
coverage were calculated from the volume of hydnagolved per minute.

Electrochemical measur ements:

The potentiodynamic polarization (PDP) and impedanteasurements (EIS) were carried out using Priasto
Electrochemical Analyzer, Model KO264 Micro-cellt.kiThe aluminium specimens were cut into coupons of
dimensions 8 cmx1 cmx0.14 cm and embedded in epesip (araldite) leaving a surface area of ¥ asedfor
electrochemical measurements. A conventional tekeerode cell consisting of aluminium as workigcgrode of
lcnt area, saturated calomel electrode and platinuatrele as reference and counter electrodes, résglgcivas
used. Before measurement the working electrodemwaersed in test solution for about 45 min. unsiteady open
circuit potential (OCP) was reached. Tafel curvesenobtained by changing the potential from -1.7 tmV1.1 mV
with scan rate of 10m V/sec. The linear Tafel segpnef the anodic and cathodic curves were extedaed|to
corrosion potential (&) to obtain the current densitieg.f). In each measurement a fresh working electrode wa
used. Several runs were performed for each measutetn obtain reproducible data. EIS measuremegt® w
carried out in frequency range from 100 kHz to Hx k

RESULTSAND DISCUSSION

Rast method:

The molecular weight was determined by Rast meifnoal. wt.271) for HMPHPP and it is almost equalthe

formula weight of 270. The UV-visible adsorptionnoaaround 259&361nm indicatestit’) & (n-n’) transition]

presence ofi, B-unsaturated compound. The IR spectrum of compstodv OH peak at 3396 ¢inC=C peak at
1675 cn' conjugation of C=0 with phenyl ring at 1538.17tm

Weight loss method:
The percentage inhibition efficiency (%IE) of tHarainium corrosion by 1.0 N NaOH for various contrations of
HMPHPP at 303K and 323K was determined by followfiorgnula:

Surface coverag®, = 22 1)
Wo

Percentage inhibition efficiency, %#+6x 100 (2)
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where,w, andw; are the weight losses in uninhibited and inhibitedoding solutions respectively. The calculated
values are shown (Table 1). It is clear from tablehibition efficiency increases with increaseconcentration of
the inhibitor and it indicates that the adsorbehikiitor molecules forming a protective adsorptidmf[12] that
blocks the metal surface, separating it from therasive medium. It was observed that inhibitionicéncy
decreases with increase in temperature and thiease in inhibition efficiency with increase in fe@nature can be
attributed to the decrease in the protective natdréhe inhibitive film formed on the metal surfae¢ higher
temperature [13,14] and it also indicates physisonfil5] of inhibitor on the corroding metal suréac

Table1: Corrosion parameter for aluminium in 0.1N NaOH in the absence and in the presence of inhibitor (HM PHPP) at difference

temperatures
Concentration, M| Surface coverage % |IE
303K 323K | 303K] 323K
1x10 0.100 - 10.0 -
1.25x10* 0.125 - 125 -
2.5x10 0.250 - 25.0 -
5x10* 0.375 - 375 -
7.5x10* 0.450 | 0.072 | 450 | 7.2
1x10° 0.525 | 0081 | 525 | 8.1
1.25x10° 0.600 | 0.090 | 60.0 | 9.0
2.5x10° 0.625 | 0.117 | 625 | 117
5x10° 0.725 | 0.143 | 725 | 143

ADSORPTION ISOTHERMS

The mechanism of interaction of the inhibitor ahé tnetal can be explained using various adsorpsiotiherm
namely Langmuir, Temkin, Flory-Huggins and El-Awadygsorption isotherms. All these isotherms arehef t
general form;

f(8,x)exp (—2a0) = KC 3)

Wheref (6, x) is the configurational facto#, is the surface coverage degree, C is the inhiliboicentration in the
electrolyte, X’ is the size factor ratioa’ is the molecular interaction parameter, &nid the equilibrium constant of
the adsorption process. The type of adsorptiontubitor was elucidated from the degree of surfameerage value
(6) which is calculated from the equation (1) andwakies are [16] shown (Table.2).

Langmuir adsorption isotherm
The Langmuir adsorption isotherm is given by:

Clo=1/K 4+ C 4)

where, C is the concentration of the inhibitoggs the adsorption equilibrium constant anis degree of surface
coverage by the inhibitor. The values of regressioafficient, B and K are shown (Table.2). Comparing the
values of R it is seen that Langmuir adsorption isothermadstkapplicable at 323K than at 303K. This confirms
that the adsorption behavior of the inhibitor i®agly influenced by temperature. A plot oféG/s. C at various
temperature is shown [Fig.1]. The resulting paldites at different temperature confirm that intidn was due to
the adsorption of HMPHPP on the metal surface [THg deviation of slope value from the unity ind&sathere is
no interaction among the adsorbed species.

El-Awady adsor ption isotherm
It is given by the expression:

log (ﬁ) = logK + y logC (5)
HereK .¢sthe equilibrium constant of adsorption processakwated by the relationshif,; = K*/¥. A plot of
log (ﬁ) vs logC is linear (Fig. 2).The calculatét],;; and 1/y values are given (Table 2). The valué/ofis
greater than one showing that given inhibitor oéesipnore than one active site on the metal surfBlice.value of
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K,4s decreases with increase in temperature indicatiag) adsorption of HMPHPP inhibitor on the aluminium
surface was unfavorable at higher temperature tac@hforms to physisorption.

Temkin adsor ption isotherm
It is given by the expression:

0 = —2.303logK 2.303logC

2a 2a

(6)

Where K is the adsorption equilibrium constant,isathe lateral interaction parameter. The pldd afainst log C at
various temperatures are shown [Fig.3]. The lingat indicate that Temkin adsorption isotherm wasyed and
negative value of ‘a’ indicated repulsion existdtie adsorption layer [18].

Flory-Huggins adsor ption isotherm
It is given by the expression:

log% = logK + xlog(1 —8) (7)

where ‘X’ is the size parameter and it is a measidirdhe number of adsorbed water molecules sulbstitby an
inhibitor molecule. The plot dbg% againstog(1 — 8) is linear (Fig.4) showing that Flory-Huggins isetim was
obeyed. The adsorption parameters are shown [Pdble.

Table 2: Adsorption parametersfor the adsor ption of HMPHPP inhibitor on aluminium in 1.0 N NaOH

0

Adsor ption isotherm Ten}E(e:;ature ';Aa?f kJAri‘ijdlsl R? slope| 1y| -a X
L angmuir 303 1178.13 | 27.935 | 0.994

323 151.86 22.773 | 0.9988

303 914.03 27.295 | 0.9645
El-Awady et al 323 2.565 12.492 | 0.9948| 1.425| 1.21| 2.9 2.1
Temkins 303 18849.04| 34.920 | 0.9791| 5.71 24 | 13.2| 149

323 8682.07 | 32.967 | 0.9994
Flory Huggins 303 101.678 | 27.263 | 0.9055

323 1.4614 11.077 | 0.9984

Fig.1. Langmuir adsor ption isotherm for corrosion of aluminium in 1.0 N NaOH containing different concentrations of HM PHPP
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Fig.2. EI-Awady adsor ption isotherm for corrosion of aluminiumin 1.0 N NaOH containing different concentr ations of HMPHPP
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Fig.3.Temkins adsor ption isotherm for corrosion of aluminium in 1.0 N NaOH containing different concentrations of HMPHPP
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Fig.4. Flory-Huggins adsor ption isotherm for HM PHPP in 1.0 N NaOH solutions
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Gasometric method
The degree of surface coverage and inhibitioniefficy were calculated using the following formulas
(8)

8 = %I/100

%Il = {1 — 229x100

V Ht

)
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where Vi is the volume of hydrogen evolved at time t fdnilited solution and Y is the volume of hydrogen
evolved at time t for uninhibited solution.

The variation of the volume of hydrogen gas evolwéth time for the corrosion of aluminium in 1.0 NaOH
medium is shown (Fig.5) It is clear from the figtinat the volume of the volume of hydrogen gaseaaldecreases
with increase in the concentration of HMPHPP intliga that the corrosion rate of aluminium is inhéoi by
HMPHPP in 1.0N NaOH [19, 20]. The calculated valass given (Table.3). There is good agreement letviee
%IE in weight loss and gasometric method.

Table: 3 Gasometric determination %I E

C, [M] | Volume of hydrogen, ml %IE
Blank 78.5

5x10° 26.8 N
5x10° 21.3 ’

Fig.5.Volume of Hydrogen gas evolved with time

90 -

c

g’o_

o &

33 —m—0.0005
< 2

S 0.005
) Q

E8 —o—blank
3

>

O L : T T T 1
2 4 6 8 10
time, min

Synergistic effect:
The synergistic parameteg ®as calculated by the following formula

Sop=(1—-0.142)/(1— 9'1+2)—(10)

where, is the surface coverage by anifa,is the surface coverage by cation #nd, is the surface coverage by
both anion and cation. Synergistic effect increaedinhibition efficiency in the presence of HMPPIkh 1.0 N
NaOH The inhibitor HMPHPP was observed to signiftbainhibit the corrosion of aluminium in alkalimaedium.
The inhibition efficiency was further increased thg addition of 0.00075M tetrabutylammoniumbrom{@&AB)

to each concentration of the inhibitor. The reswdte given (Table 4). It is clear the inhibitionfigEncy
synergistically increases on addition of 0.00075BAB to different concentrations of HMPHPP.

Table4: Corrosion parametersfor aluminium in 0.1 N NaOH in the presence of HM PHPP + 0.00075M TBAB mixture

Concentration,M | %IE | S

TBAB(0.00075) | 9.0

1x104TBAB | 51.0 | 1.7
1.25x104TBAB | 52.1 | 1.6
2.5x104TBAB | 60.6 | 1.7

5x10*+TBAB 64.8 | 1.5

7.5x10+TBAB 73.2 | 1.7
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Electrochemical methods
Potentiodynamic polarization method
The formula used for calculating %IE by electrockehpolarization method was

%IE= 2118 x 100 (11)

0

where, h=corrosion current in absence of inhibitor aRgl=torrosion current in presence of inhibitor

The effect of addition of different concentratioh WMPHPP on the cathodic and anodic polarizatiorves of
aluminium in 1.0 N NaOH solution at 303K was stuldi@he polarization curves are shown in Fig.6. Gsion
parameters such asgE lcor, e, by and percentage inhibition efficiency are showal€ 5). It observed from the
Tafel curve that the inhibitor was mixed type besmthey enhance the anodic and cathodic proceasésebanode
is more polarized when an external current wasiegplThe corrosion potential also slightly shiftemvards

positive direction on increasing the concentrat@inthe inhibitor. The current density value decesasvith
increasing concentration of HMPHPP, indicates thhibitor retards the dissolution of aluminium irDIN NaOH
and the degree of inhibition depends on the conaton.

Table5: potentiodynamic polarization parametersfor aluminiumin 1.0 N NaOH at different concentration of HM PHPP

Concentration, M _E\C/""' m\l/crgécl meccieCl meSecl WIE
Blank 1.592 | 16135.63 270.5 496.5
7.5%x10* 1.591 | 10660.00| 188.1 597.5 33.9
1x10° 1.582 | 8422.55 185.3 607.7 47.8
1.25x10° 1.593| 8162.69 181.1 577.6 49.4
2.5x10° 1.520 | 5981.82 210.8 607.7 62.3
5x10° 1.573 | 3925.99 176.1 491.0 75.7

Fig.6. Tafd plot
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Impedance method
The corrosion behavior of aluminium in 1.0 N NaOdlusion in absence and presence of inhibitor wae &ésted
using electrochemical impedance spectroscopy (EIS).

The formula used for calculating %IE by EIS was
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lE= JettmmRee o 409 (12)

Ret(inh)

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

The calculated impedence parameters such as ctrargeder resistance, double layer capacitance anckptage
inhibition efficiency are given (Table 6). Nyqujsbts of aluminium in 1.0 N NaOH, in the absencd presence of
different concentrations of HMPHPP, are shown (Biglt is apparent from these plots that the impedain all
cases corresponds to the capacitive diameter ateb#nds on the HMPHPP concentration and theyasergith
increasing of HMPHPP concentration. This indicatiest the impedance of inhibited substrate increagitls
increasing inhibitor concentration and consequetitdy inhibition efficiency increases [22, 23]. Thalue of R,
increases and fcdecreases with the increase in concentration of HRWP indicating that the corrosion of
aluminium in 1.0 N NaOH is controlled by a chargensfer process and the corrosion inhibitor octiursugh the
adsorption of HMPHPP on aluminium surface.

Table 6: EI S measurement parametersfor different concentration of HM PHPP in alkaline medium

Concentration, M | R(ochm) | Ca (uF) | %IE
Blank 0.9075 55.5
7.5x10 1.356 33.14 | 331
1x10° 1.985 37.24 | 543
1.25x10° 1.944 22.25 53.3
2.5x10° 2.700 - 66.4
5x10° 4.578 23.69 80.0

Fig.7. Nyquist plot
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SEM Technique

Representative scanning electron micrographs (SBEMaluminium surface in 1.0N NaOH solution with and
without HMPHPP are shown (Fig.8a & 8b). The figwlearly indicates that the organic inhibitor coveéhe
irregular cracks by the deposition of inhibitor mxlle on it.
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Fig.8a SEM photograph of aluminium beforeimmersed in NaOH solution

20kV  X10,000 . 1pm 11 29 SEI
Fig.8b SEM photograph of aluminium after immersed in 1.0 N NaOH solution

o

20kV": X1,000 10pm 10 34SEl.

CONCLUSION

1. 3-(4-hydroxy-3-methoxyhenyl-1-(2-hydroxy-Phenyl-propenone (HMPHPBhowed a maximum 072.5%
inhibiton of aluminium corrosion in alkaline mediu
2. Inhibition efficiency increases with increasing centrationand higher the temperature the lower the inhibi

efficiency.
3. It was found that the hydrogen evolution suppressetthe addition of inhibor by gasometric methe
4. Addition of TBAB increaseshe inhibition efficienc of HMPPP.
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5. The process of adsorption of the inhibitor obeysehtire four adsorption isotherm discussed.
6. The inhibitor was found to be of mixed type.
7. The mechanism of adsorption appears to be physisorp
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