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ABSTRACT

The inhibition effect of vanillideneanthranilic dcon the corrosion behaviour of commercial alumiiin 1.0 N
NaOH as corrosion medium was investigated by mass ] potentiodynamic polarisation and electrocloami
impedance measurement methods and SEM techniqueas Iconcluded that the inhibition efficiencyregmsed
with the increasing concentration of the inhibitGhe maximum inhibition efficiency was found to58e25% at
30C° C. The investigation of adsorption isotherms indicttat the inhibitor fit Langmuir and Temkin isothes,
fairly well. The phenomenon of physisorption isrilatted to the values of ;E Qus and AG°.4s. The
potentiodynamic polarisation results reveal that thhibitor act as a mixed type inhibitor.

Keywords: Vanillideneanthranilic acid, tetrabutylammoniumoimide, anodic control, physisorption, surface
morphology.

INTRODUCTION

Amongst various types of anode materials, aluminiexhibits a high theoretical energy density (8.10WY)

combined with a high negative standard potential6f V vs. SHE) [1]. Additional advantages are ldsv

production cost and the existence of a large basenfinufacture and distribution. Also the low atommass of
aluminium and its ability to transfer three eleasger atom, make the metal an attractive amoakerial for
power sources with high energy densities[2]. Howdtvendergoes substantial self-corrosion andrggsi alkaline
solution. Consequently there is coulombic loss isettrge and fuel loss during stand by[3,4]. Thoeee alkaline
corrosion of aluminium, corrosion has to be stapbpélthough there are numerous options for ailiig the

corrosion of metals, the use of inhibitors , wiltdroatoms such as N and O along with aromatisriisgone of the
best methods of protecting metals against corro&odd] Literature survey reveals that the Schifbs inhibit the
corrosion through their ability of getting adsorbed the metal surface by interaction with-electrons of the
aromatic rings, and the azo methine group. SoméffSmdse compound have recently been reported fastife

corrosion inhibitors for mild steel [8,9] in vatie aqueous solutions.

MATERIALSAND METHODS

Commercially pure aluminium samples, were used foeparing aluminium coupons for mass loss and
electrochemical studiesThe corrosion medium, 1.0 N NaOH solution, waepgred from analytical reagent grade
NaOH ( MERCK ) and double distilled water.Tetrabatgmonium bromide (TBAB) was used as received. The
inhibitor, vanillideneanthranilic acid ,was prepaiaccording to the procedure reported [10].
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WEIGHT LOSS STUDY

Rectangular specimens of aluminium, having theedision 2.0 x 2.0 x 0.03 cm and containing a smal tof

about 1mm diameter near the upper edge, were wsestudying the corrosion rate . Specimens werangd by
buffing to produce a mirror finish and were themgased with acetone . Initial weight of specimemrse taken up
to the three decimal of gm with a digital balantke solutions of 1.0 N NaOH were prepared usingotiodistilled

water. Each specimen was suspended by Pyrex lgteds to the same depth of 1.5 cm. below the sairédiche

100 ml solution for all the experiments. Only @mpecimen was suspended in a Pyrex beaker of 15@palcity.

Experiments were performed in triplicate.

After the sufficient exposure time the, specimers wetrieved, cleaned by running water and thereddrby hot
dryer and then final weight was taken. From thegiveioss results, the inhibition efficiency (%)©f the inhibitor
, degree of surface coveraeand corrosion rates, CR,were calculated usingt@ens 1,2 and 3, respectively;

Corrosion rateCR (gcm?min™?) = AA—": (1)

% | = (1- ) x 100 )
Cri

0= (1-22) @3)

Cri
where CR and CR are the corrosion rates for aluminium in the preg and in the absence of inhibitor in 1.0 N
NaOH solution, respectively 6 is the degree of surface coverage by the inhibitaris the surface area of the
aluminium coupon (in cAy, t is the time of immersion aman is the weight loss of aluminium after time t.

Electrochemical measurements

The aluminium coupons, with an exposed area of *Agas used as working electrode. It was polishedi veiand
paper to a metallic shine,. washed with distiNeater, degreased with ethanol, and dried. Thetrelehemical
measurements were carried out in a three electigldss cell, consisting of aluminium as the wogkelectrode (
WE), platinum as the counter electrode (CE) andtarated calomel electrode (SCE) as the referelectr@de. The
electrode potential was allowed to stabilize peaiod of 60 minutes before starting the measurésnen

Measurements were carried out with Princeton AplpResearch Electrochemical Analyser (model K0O264rii
cell kit ) along with electrochemical analyserta@re for plotting, graphing and fitting data. @apolarisation
curves were obtained by automatically changingeleetrode potential from +300 to -300 mV about tbpen
circuit potential. The scan rate was 10 mV/segpddance measurements were performed out in eledncy
range from 100 kHz to 1Hz using ac signal with enpEtude of 27 mV peak to peak at open circuit ptitd.

SEM Analysis

Scanning Electron Microscope (SEM) images werernaik order to study the changes that occur dutfireg
corrosion of aluminium in the presence and m adlsence of the inhibitor .The aluminium specisnesed for
surface morphological studies were immersed inNLI8aOH containing optimum concentration of inhapiand
blank for 1h. Then, they were removed , rinsed kjyiwith rectified spirit and dried . The analysims performed
on HITACHI - model S-3000 H Scanning electron rogmope.

Table 1: Inhibition of corrosion of aluminiumin 1.0 N NaOH by vanillideneanthranilic acid at 30°C (weight loss method)

. S rate of corrosion x 1) | . . .. -
[vanillideneanthranilic acid], M g cni?min’® % inhibition efficiency
0 2.6315
0.001 1.852 29.62
0.002 1.7641 32.96
0.003 1.7543 33.33
0.004 1.667 36.66
0.005 1.657 37.03
0.006 1.462 44.44
0.007 1.315 50.00
0.008 1.204 54.25
0.009 1.167 55.65
0.010 1.0721 59.25
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RESULTSAND DISCUSSION

The weight loss of aluminium in 1.0 N NaOH dmges with increase in the concentration of itdribi At 323

K , the values obtained from weight loss weretiaddy higher than the values obtained at 303 Kdicating that

the rate of corrosion of aluminium in NaOH incregsvith increase in temperature. Values of theasion rates of
aluminium (in the absence and in the presenctheoinhibitor ) and inhibition efficiencies amecorded (Table 1
and 3).

Alkaline solution, the aluminium surface is negalwcharged[11]. The TBAcations, on the metal surface provide
a better electrostatic condition, which promotetiract adsorption of inhibitor anions,”Ron the metal surface as
depicted in model given below. A similar model viasposed for the adsorption of some organic comgsy on
the mild steel in acid electrolyte[12].

Table 2 : Inhibition of corrosion of aluminium by tetr abutylammonium bromide(TBAB) at 30°C

[TBAB), M | Rateof corrosionx 10 [ o/ i
gemi? min
Blank 4.449 --
0.0002 4.359 20
0.0004 4.270 4.0
0.0006 4.049 9.0

Table3: Inhibition of corrosion of aluminium by 1.0 N NaOH by vanillideneanthranilic acid along with TBAB at 30° and 50° C
[TBAB} = 0.0006 M

—
[vanillideneanthranilicacid] Mr—= +0/2§2h'bgg)fo 5C Eakimo | Qaaskd mol*
0 - - - -
0.006 44.44 19.30 80.23 -49.09
0.007 50.00 22.71 82.82 -49.83
0.008 54.25 28.07 89.40 -45.21
0.009 55.66 30.99 85.12 -50.2
0.010 59.25 38.01 84.18 -35.14

Fig.1 Langmuir adsor ption isotherm

Langmuir isotherm
0.035 -
0.03 - \ @ vanillideneanthranilic acid (30°C)
0.025 - v = 1.019x + 0.009
R%=0.925
o 002 -
~
© 0.015 - . B vanillideneanthranilic acid
(o]
0.01 4 +TBAB(30°C) | _ 1 339x +0.001
) L g
R%2=0.986
0.005 -
0 : ! : ! : ' vanillideneanthranillic acid (50°C)
0 0002 0004 0006 0008 001 0.012 = -1.134x + 0.038
C R2=0.853

Temperaturé C inside paranthesis

Several isotherms like Langmuir isotherm, El-Awaglyal. isotherm , Temkin isotherm, Freundlich &,
Frumkin isotherm and Flory-Huggins isotherm, eteere studied with the, surface coverage values determined
from weight loss studies. Among all these isothertine best -fit adsorption isotherm is the Langnagisorption
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isotherm for adsorption of vanillideneanthranilicicaon aluminium surface with the mead Rlue greater than
0.85.

The Langmuir isotherm equation is of the form:

$=otC (4)

Kads

The plot of% against C, is a straight line graph.

The values ofAG°,4sfor the adsorption process, were calculated dt @aalue, using Langmuir isotherm .

8
T ca-9)

K (6)

Table4: valuesof AG°,4s for corrosion inhibition by vanillideneanthranilic acid

[vanlllldene?;]thranlllc acid] Surface coverage 0 | AG°uws. k J mol*
0.001 0.2963 -25.59
0.002 0.3297 -24.42
0.003 0.3333 -23.39
0.004 0.3666 -22.80
0.005 0.3703 -22.35
0.006 0.4444 -22.67
0.007 0.5000 -22.84
0.008 0.5425 -22.93
0.009 0.5566 -22.78
0.010 0.5925 -22.89

The equilibrium constant of adsorption is relatedhte free energy of adsorptionG,q9 according to equation.( 6)
[13,14].

AGags = -2.303RT 10g (55.5 K) ~--rmrmvmemmemememee (6)

where R is the gas constant , T is the temperakure the equilibrium constant of adsorption ands5i5 the molar
concentration of bD. The values 0AG°.qs are negatively lower than the threshold values4d kJ mof required
for chemical adsorption. The negative valueA®@f,4sshow that the adsorption of inhibitor on aluminisarface is
spontaneous and favours the mechanism of phyaisalrption[15].

The presence of TBAB increases the inhibition @&ficy of the inhibitors, (Table5). This behaviosrdue to the
synergistic effects, according to Schmitt and Bedfl6], who proposed cooperative adsorption, namely
competitive and cooperative. The synergistic irtfohi effect was evaluated using [@rameter.

Table5: Effect of TBAB on theinhibition of corrosion of aluminiumin 1.0 N NaOH by vanillideneanthranilic acid
[TBAB] = 0.0006 M

[vanillideneanthranilic acid], M | % Inhibiton | [vanillideneanthranilic acid], M +TBAB | % Inhibiton | ~ ”erg'smsfaramae’
0.001 0.2963 0.001 48.50 1.192
0.002 0.3297 0.002 51.78 1.205
0.003 0.3333 0.003 53.17 1.233
0.004 0.3666 0.004 54.44 1.197
0.005 0.3703 0.005 64.33 1513
0.006 0.4444 0.006 64.33 1.305
0.007 0.5000 0.007 66.31 1.217
0.008 0.5425 0.008 68.30 1.158

Aramaki and Hackerman [17,18] calculated the syiser parameter, ¢y the equation :
1 -9 1,2

S = (7)
1 'el 12

where 61,2 = (91"’ 92) ,
0, = surface coverage by Schiff anion ,
0, = surface coverage by TBA cations , and
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'\, = surface coverage measured for the combinatiche Schiff anion and the TBAresent together in the
solutions.

The § values are greater than unity(Table 5) , sugggdtiat the enhanced inhibition efficiency causedthzsy
addition of TBAB to the Schiff base is mainly duethe synergistic effect, since thg \&lues are independent of
the concentration of additives. It can be conclutted the inhibitors are preferentially adsorbe@ionic form by
columbic attraction on the negatively charged instaface[11], where the TARcation is already chemisorbed
and suppresses the corrosion rate by the staklizat adsorbed anion and by the increase of seraverage.

The activation energies for the corrosion processge calculated using the Arrhenius equation :

CR=AeXp ()  wromeeemeeemerees ®)

The reduction of inhibition efficiency with rise temperature (Table 3), is suggestive of the mlaysadsorption
mechanism on the metal surface[19]. Within the terafure range of 303(lto 323 K(T,), equation(8) can be
written as

log (G2) =% G- 3) ©)

where g is the activation energy , GRnd CRare the corrosion rates at the temperaty(d80B K) and T (323 K) ,
respectively , Values of Falculated from the equation (9) are recorded Mdiees (Table 3) are less than -80 kJ
mol™ indicating physisorption[20-22].The activation egies E were also observed to increase with increasing in
the concentration of inhibitor, indicating thaeth is decreasing the adsorption of the inhibiith increasing
concentration. The heat of adsorption,Qvas calculated using equation[12].

T1xT,
T2 -Tq

) kI molt  ------ (10)

0 0
Quss= 2.303R [log (%2-) - log (724~ )1 x (
wheref,; andf, are the degrees of surface coverage at the tetapesa); (303 K) and F (323 K), respectively.

Values of Qqscalculated from equation (10) are recorded.(T&bl€hese values are negative, indicating that the
adsorption is exothermic[23].

Electrochemical Polarisation studies

The addition of the investigated inhibitors increm®oth the cathodic and the anodic overvoltage. ddrrosion
current density (},) decreases with the increasing the concentratidcheoadditives, which indicates that these
compounds retard the dissolution of metal in 1.ONAOH. The additives influence both cathodic anddano
processes in NaOH solution. This indicates thatdtiditives act as mixed -type inhibitor. But tm®de is more
polarized than the cathode when external cumastapplied.

The corrosion potential (g,) values are shifted to less negative values lyeasing the concentration of the
compound , which confirms that the inhibitors ar@mty of the anodic type.

Table6 . Anodic and cathodic polarization of aluminium in 1.0 N NaOH without and with vanillideneanthr anilic acid

[vanillideneanthranilicacid] ,M | OCP,V | Ewr, V mk"c';'n_z m\f/fjec m\?/?jec Per centage | nhibition
Blank 1.26 -1.343 18.037 280 420 -
0.003 1.229 -1.303 12.073 257 425 33.1
0.005 1.180 -1.333 10.086 252 440 44.1
0.009 1.255 -1.380 9.149.5 248.2 446 49.27
I mpedance measur ements

Furthermore , corrosion behaviour of aluminium i@ N NaOH with and without addition of inhibitoras
investigated by electrochemical impedance speatms(EIS) measurement at corrosion potentigl Eafter 30 min
of immersion (at 3T) . The corresponding Nyquist diagrams are showrPFi
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Fig.2 Nyquist plotsfor Al in 1.0 N NaOH with different concentrations of vanillideneanthranilic acid

vanillideneanthranilic acid

0.6
0.5
0.4
0.3
0.2
0.1

——0.009
——0.005
=—0.003

Imz, ohm cm?

-0.11)1 ==blank

-0.2
-0.3

ReZ, Ohm cm??

Table7: Valuesof Cyq and Ryfor Alin 1.0 N NaOH solution in the absence and presence of various concentration of the
vanillideneanthranilic acid or at ocp and at ( 30+0.5°C.)

[vanillideneanthranilic acid]m | R O™ | Reo OB | ¢ o2
Blank 1626 | 0519 | 205
0.003 1477 | 0993 | 160
0.005 1899 | 1148 | 0948
0.009 1899 | 1148 | 064

The Nyquist plots of the impedance behaviour ofmahium in 1.0 N NaOH and in the presence of varic
concentrations of thimhibitor is shown i ( fig. 2). The existence of a single semicircle shows tlesgmce of sing|
charge transfer process during dissolu[23]. The charge transfer resistancg)&nd theinterfacial double layer
(Cq) values derived from tlse curves are listelt is obvious that the JRvalues(Table7 increase with the inhibitor
concentration while gvalue decreas. IE was calculated from the charge transfer rastst () values from the
following equation [1].
Rct(i) --- Rct(b)
IE = (11)
RCt(i)
where , R and Ry, were the inhibited and uninhibited charge transésistance value

The increase of theoncentration of tt inhibitor causes the diameter of the s@méles to increas.

Microscopic study

Microphotograph'¢Fig. 3a, 3b, and 3c ) for aluminium in 1.0 N Na@#thout and with vanillideneanthranilic ac
at 200 x magnification are shown. Comparison micphs seem to indicate that in the presence dhtfikitor, the
surface of aluminium sample has improveonsiderably regarding its smoothness. The smoatlgeoi the meta
surface would have probably, resulted from theliitbr adsorption on the metal surfaci4,25].

Fig.3a
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Fig. 3c
CONCLUSION

The corrosion of aluminium in 1.0 N NaOH was fouadlecrease with the increasing concentrationefrhibitor,
vanillideneanthranilic acid. Thénhibition efficiency valuesobtained from mass loss studies and polariz:
measurements, showed, the same trend. The typeroson was shown to be physisorption ™ electrochemical
polarisation shows that theorrosion inhibitiol is mixed type .The results of SEM study showhat corrosion
inhibition is through adsorptioprocess
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