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ABSTRACT

The inhibitive effect of 1-(2,4-dihydroxyphenyl)-3-(2-hydroxyphenyl)-propenone on the corrosion of aluminium in
1.0 M NaOH was investigated by weight loss, potentiodynamic polarization and electrochemical impedence
measurements. The inhibition efficiencies of this compound increase with increasing concentration. The results
obtained from chemical and electro chemical techniques were in good agreement. The surface morphology of the
metal surface was investigated by scanning electron microscopy (SEM) and energy dispersive X-ray (EDX)
examination. The results revealed that the compound to appear inhibit corrosion through physisorption.
Polarization measurements revealed that this compound act as a mixed type inhibitor.
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INTRODUCTION

Aluminium ,being a metal with a high electronégatpotential (-1.67;z ) and high theoretical energy density

(8.10ng_1) ,and therefore it is used in aluminum-air battdiyReports show that aluminium kept in alkaline

medium and connected to an air electrode, pradhbigh energy density and very high power [2,3].pitoduction
cost is low and there exists a large base for #sufacture and distribution [3]. Aluminium is hlghesistant to
most acidic and neutral solutions due to the foimmadf a protective oxide film on its surface [4hus aluminium
is considered a better anode for alkaline-air bakeamongst the available anodes. However itseptioe oxide
film can be broken very quickly by the action afosty alkaline solutions, followed by substantiairogion which

induces coloumbic loss on discharge and fuel lasthg standby. Therefore, for commercial applicagiomf the
alkaline aluminium air battery, it is necessanatta corrosion inhibitors either to the metal ottte electrolyte. The
organic compounds containing heteroatoms like NS@nd multiple bonds in their molecule are remgbite be

effective inhibitors for the corrosion of metals different media [5 — 14]. The adsorption of inhilos on metal
surface is influenced by the surface charge ofntleéal and the chemical structure of organic inbifsit{15]. The
aim of the study is to determine the inhibitiveligihce of, 1-(2, 4-dihydroxy phenyl)-3-(2-hydroxyemyl) -

propenone on the corrosion of aluminium in sodiymarbxide solution.
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EXPERIMENTAL SECTION

Commercially pure aluminium samples, for the weiglst studies were cut into 2 cm x 1 cm x .14 copoms and
polished with emery papers of different grades tmanshine degreased with acetone, washed witlbléodistilled
water, and dried before immersing in the corrosioedium. The aluminium specimens for the electrotbal

measurements were machine cut into test electroldsnension, 8 cm x1 cm x 0.14 cm and coated wjibxy

resin (araldite) leaving a surface area ofric. The corrosive medium, 1.0 M NaOH solution wasppred from
analytical reagent grade NaOH (MERCK) and doubdtiltid water.

Synthesis of 1- (2, 4-dihydroxy phenyl)-3-(2-hydroxy phenyl)-propenone (DPHPP)

The compound, 1- (2,4-dihydroxy phenyl)-3-(2-hydrghenyl}propenone was synthesized and recrystallised as
per the reported solvent-free synthesis procedataildd below [16]. A mixture of O-hydroxybenzalgel (0.43
mol) and 2, 4-dihydroxyacetophenone (0.43 mol) sodium hydroxide (0.55 mol) was ground by pestié ruortar

at room temperature for 5 minutes. The precipitgiediuct was purified by hot ethanol and was idextiby U.V

and I.R spectra. The molecular weight of the conmglas 256. The structure of the molecule is shoetow. The
DPHPP was dissolved in 1.0 M sodium hydroxide iprapriate quantities for the inhibition studies.

HO
OH

CH=—=CH——CO OH

Weight loss measurements

The aluminium specimens prepared for the study esxribed above were weighed and suspended in lseaker
containing 100 ml of aerated unstirred 1.0 M Na@Hitons without and with the inhibitor for stiptéal period of
time, with the aid of glass hooks. To determinewméght loss the coupons were retrieved after ang,hscrubbed
with bristle brush under running water until theg alean, dried in acetone and re-weighed.

Electrochemical measurements

The aluminium coupons which were prepared as destrabove were used as working electrode. Befoch ea
experiment, the exposed area of the working eldetvwas polished with soft 3M 1500 sand paper, metallic
shine. Then it was washed with distilled water, rdaged with ethanol, and finally dried with sofjppa The
electrochemical measurements were performed in ravectional 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 all@wed to stabilize 60 min before starting theasurements.
Measurements were performed using Princeton Apglesearch Electrochemical Analyser (model KO264riic
cell kit). Electrochemical analyser software wasdigor plotting, graphing and fitting data. Tafeblgrization
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. Idpace measurements were carried out in frequemgererom
100 kHz to 10 Hz using ac signals with an amplitafi27 mV peak to peak at open circuit potential.

SEM and EDX analysis
SEM and EDX analysis was performed using JEOL MOBIBM 6390 made in Japan. Prior to analysis, the Al

specimens were kept immersed in 1.0 M NaOH forr inhthe absence and presence of 2EX, 1-(2,4-

dihydroxy phenyl)-3-(2-hydroxy phenyl)-propenonéatly, the specimens were washed thoroughly toorem
loosely adsorbed ions.

RESULTSAND DISCUSSION

3.1. Weight loss measur ements
The percentage inhibition efficiency was calculaisihg the equation [17].
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Percentage inhibitioFF 1y, X100

Wo

Where, W, and IV, are the weight losses in the absence and in thgepce of the inhibitor respectively. The

1)

percentage inhibition efficiency values, obtaineshf weight loss data, are summarized (Tablel).

Table 1 Inhibition of corrosion of aluminium in 1.0 M NaOH by DPHPP at J30°0.5°C

Wy
Concentration — | %IE
W,

looxl0-% | 0111 |111

250x10~5 | 0133 | 133

1.00x107= | 0244 | 244

250x107~ 0.377 | 37.7
-3

1.00x10 0.660 | 66.0
-3

250x10 0822 | 822

A maximum of 82.2 % corrosion inhibition is obseivat 3G°C. The degree of surface coverefgjdor the different
concentrations of this DPHPP, has been evaluated fthe weight loss measurements. The data weed fitt the
adsorption isotherm such as El-Awadys et al, Larignftiory-Huggins, Temkin and Frumkin Isotherms.The
regression coffecier®* was used to determine the best fit isotherm [18}vas found tha 2 = =0.988 for
Langmuir isotherm.

Langmuir adsorption isotherm model has the form,
C 1
= + C
g Eads

&)

wheref is the surface coverage, C is the concentraifn,. is the equilibrium constant of adsorption process
Fig.1 Plot of C@ versus C is shown.
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3543



J.R. Beulah et al J. Chem. Pharm. Res., 2012, 4(7):3541-3549

The slope deviates from unity indicating that thisrattraction or repulsion in the adsorbed layf@nhbibitor on the
aluminium surface. [19, 20].

Using Langmuir adsorption isotherr_.. = % Y

are related to the standard Gibbs free energydsbration AG®

values are calculated at different concentratimins

the inhibitor. The values of&

ads by the
following equation.

ads

1 A
Kr.'r.‘s = N exp (

C =C, , =55.55 matlm ™3, R (Jmol™? K1 is the gas constant and T (K) is the temperature.

solvent -

The standard Gibbs free energy of adsorption of PPldn the aluminium surface at 303K was calcul@fedile 2).

Table2

Concentrations, 0 AG CEE.E  kymol -1
Lo0x10~F | 0412 -33.881
250x10~5 | 0133 -32.056
1.00x107% | 0.244 -30.462
250x1077 | 0.377 -29.730

-3
1.00x10 0.660 -29.194

-3
250x10 0.822 -29.06¢

The values ofAG~_._ are negative and lies between -33.881 and -2%@3®! 1. The negative value indicates

that the adsorption of the inhibitor molecule oe #iuminium surface is spontaneous. The valueteasenegative
with an increase in inhibitor concentrations, irdiieg that the adsorption of the inhibitor ontorainium surface
was less favourable with increasing concentratadrtbe inhibitor.

In general, the values @G~ around -20 kinol ™t are consistent with physisorption while those artbt40

ads

kdmol tor higher correspond to chemisorptions [21, 22].

3.2 Potentiodynamic polarization measurements
The polarization behaviour of aluminium electroase1.0 M NaOH solutions in the absence and presefice
different concentrations of DPHPP at a scan ratiDahV/sec is shown. (Fig.2).

The cathodic and anodic branches of the polariatioves are shifted from the corrosion potefi#al,..,) slightly

in the positive direction and both the anodic aathadic current densities are reduced with theeimse of inhibitor
concentration. The anodic current was reduced rsigrgificantly than the cathodic current. These ltissindicate
that the corrosion process is under anodic cordgrml the inhibitor acts as of mixed type [3]. Therasion

potential £.,.,), corrosion current densit{.....), anodic and cathodic slope# {and5.) at different inhibitor
concentrations are shown (Table 3).
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Figure2 {series2=blank, series3=1x 10>, seriesd = 2. 5X10 % series 5= 1.00X10™ %,
seriess=2.5X 10 ™% series7=1.00x 10 2, seriest =250x 102}

Table 3: Theelectrochemical parameters ( & .qppes o pyops ,8,: and ,8,:) obtained from potentio-dynamic polarization of Al in 1.0 M

NaOH in the absence and in the presence of different concentrations of inhibitor at 30705°C

[Concentration], M| E_,sV | T.gpp s MA em ™2 ,8,:, mv dec™ ! Jl?lz,mv dec™ !

Blank 1592 16.135 2705 4965
100x103 1575 13.911 212.4 527.7
250105 -1.549 11.789 2205 574.0
1.00x107* -1.494 10.370 207.7 396.3
250x107F 1572 9.915 189.0 457.0
100x107° -1.544 7.914 211.1 540.7
250x107° -1.480 8.606 189.3 3035

According to Ferreira et al. [23, 24] and Li et @3, 24] if the displacement in corrosion potehisamore than
Z85 ml’ | with respect to corrosion potential of the blartke inhibitor can be considered as a cathodiaror

anodic type. However, the maximum displacementis study is +112 mV indicating that the inhibiiahibits
predominantly anodic reaction.

3.3. Impedence measurements

The influence of different concentration DPHPP ba impedence response of Al in 1.0 M NaOH solutibiocp
and at30~0.5°C is shown (Fig.3).
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Figure3 {series>=blank, series3=1x 107> seriesd = 2. 5X¥107> series 5= 1. 00X10™%,
seriess=25X 10 ™%, series 7=1.00x 1 0 ™3, seriest = 250x 102}

The impedence diagram consists of a large capadiiop at high frequencies (HF), and a small itidecone at
medium frequencies (MF). The HF capacitive looplddue assigned to the relaxation process in theiaium
oxide film present on the aluminium surface anddiedectric properties [25,26]. The electrode infgece in the
oxide which is considered a parallel circuit okaistor due to the ionic conduction in the oxidi® fiand a capacitor
due to its dielectric properties [26] was deterrdingy the metal/oxide interface, the oxide film, atite
oxide/solution interface. The inductive loop obsehat MF may be attributed to the relaxation predasoxide

layer, containing adsorbed species suctldd_ ;. [27]. The values of the polarization resistanﬂa'JX and the

double layer capacitanc£'(;) were recorded (Table 4). Thg :g) value increases and'(;) value decreases with
increase in inhibitor concentration, due to theoapison of the inhibitor on the electrode surfa28,[29].

Table 4. Values of Rp and Cd: for Alin 1.0 M NaOH solution in the absence and presence of various concentrations of theinhibitor at

ocpand at 30”05°C.

[Inhibitor], M | R, ohm | Coy, (F
Blank 0.9075 55.5
-z 1.009
1.00x10 ] 73.95
250x107= | 1.554
. 69.8
1.00x107" 1.555
250x107F ir.oz
PUX . 23 1 0.001486
1.00x10 24
-3
2.50x10 3082 | 0.001637

4. 1 Scanning electron microscopy [30, 31]

For surface morphology study, SEM analysis wasedmwut on the Al samples immersed in 1.0 M NaOHitgmn
for 1hr in the presence and absence of the inlgithe SEM images of the bare aluminium surfackamminium
surface in 1.0 M NaOH are displayed (Fig 4a and #hg fig.4c shows that DPHPP almost completelyecethe
material surface and protects it from the aggressiedia.
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20kV  X10,000 . 1pm 11 29 SEI

Fig.4da

20kV _X10,000 A1pm‘™ 11 28 SEI

Fig.4c

The formation of adsorbed film on Al surface wasfirmed by EDX examinations of the metal surface.
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4.2. EDX examinations of the electrode surface[1].
EDX survey spectra were used to determine whicmehts were present on the Al surface before arg aft
exposure to the inhibitor solution. The surfacenfdomposition after aluminium has been immersed.far in 1.0

M NaOH solution in the absence and presence of 5073 M of the inhibitor was determined by EDX survey
spectra .Fig.5a,-EDX spectra for the bare alumingunface. The metal surface in the absence obitahishows
only aluminium and oxygen with a ratio of about h8icating that the metal surface contained only & film
(Fig.5b).

Fig5. EDX spectrarecorded for Al specimen immersed for 1hr in sodium hydroxide (1.0 M) solution in the presence of 2.5 x 1':3'_3M of
DPHPPat 310205°C.

Fig. 5a
I g

Fig.5b
W ‘
SN Fig.5¢c
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The metal surface in the presence of inhibitor shonly aluminium and oxygen with a ratio of abotit Bidicating
that the aluminium corrosion controlled by the bitor (Fig.5c).

CONCLUSION

= The inhibition efficiency of 1-(2, 4-dihydroxy phgh3-(2-hydroxy phenyl)-propenone increases witte t
increase in inhibitor concentration.

= The inhibitor behaves as a mixed type inhibitogdaminantly affecting the anodic reactions.

= The inhibitor, 1-(2, 4-dihydroxy phenyl)-3-(2-hydp phenyl)-propenone attach on to the aluminiunfase
through physisorption and obeys Langmuir’s adsompigsotherm model.

= The inhibition efficiency obtained from potentiodynic polarization method and EIS technique are in
reasonably good agreement.
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