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ABSTRACT

The inhibitive influence of salicylideneaniline Gchiff base) on the corrosion of aluminium in 1.0sddium
hydroxide was studied by weight loss, potentiodyoawlarisation and electrochemical impedance measients.
The inhibition efficiency of the compound increasegh its increasing concentration. The addition of
tetrabutylammonium bromide, TBAB (0.0006 M ) toywey concentrations of the Schiff base enhanced th
inhibition efficiency at each concentration of thehiff base. The results obtained from mass lots galarisation
and EIS measurements showed similar trend. THacicoverageg, values from mass loss data were fitted to
kinetic/thermodynamic modal of El-Awady et al.nggamuir and Temkin adsorption isotherms. The bigst f
isotherm was the isotherm of El-Awady et al. Vhkies of E, Qgsand.AG°,4s revealed that the compound
inhibits corrosion through physisorption. The qagation studies indicated that the corrosion afrainium in 1.0

N NaOH was predominantly under anodic control,hia presence as well as in the absence of the tohiand the
inhibition is of mixed type.

Keywords: salicylideneaniline, tetrabutylammmonium bromidepdic control, physisorption, lateral interaction
parameter.

INTRODUCTION

The high energy density, of 20 MJ/kg and highlgateve electrode potential of -2.303 V (vs. SH&)mbined
with its light mass and high abundance in the é&adtust make aluminium a desirable fuel in metalbatteries [1-
4].

Generally the aluminiufair batteries work with strongly alkaline eledyte (KOH or NaOH). They permit fairly
good performance of air cathode and low level ofpalarisation[5]. The duplex protective oxide layeof
aluminium is broken by the action of alkaline smnt As a result aluminium becomes an electrochaltyi@active
fuel for electric power generation. Literature syshows that in alkaline media aluminium readilysdlves and
generates a useful voltage at a reasonable cuHemtever it undergoes substantial self-corrosiomaium and
H, evolution in alkaline solution. Consequently thexecoulombic loss of aluminium on the dischargealdline
aluminium battery cell and fuel(aluminium) loss itigrstandby[3,6-8]. Therefore the corrosion ofaltium has to
be reduced and it can be achieved by adding itohito the electrolyte to make it less corrosive, 10 ]. In the
present study the usefulness of salicylideneanftinehe inhibition of corrosion of aluminium indN NaOH has
been investigated.
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MATERIALSAND METHODS

Commercially pure aluminium samples, for the weilglsls studies, were cut into 2 cm x1 cm x 0.14 ompons
and polished with emery papers of different grabemirror shine, degreased with acetone, washeld double
distilled water and dried before immersing in therrosion medium. The aluminium specimens for the
electrochemical measurements were machine cuttéstoelectrodes of dimension, 8 cm x 1 cm x 0.14acm
coated with epoxy resin (araldite) leaving a swefacea of 1 cmi. The corrosion medium, 1.0 N NaOH solution,
was prepared from analytical reagent grade NaOHERNIK ) and double distilled water. Tetrabutylamnuoni
bromide (TBAB) was used as received. The inhibisaticylideneaniline ,was prepared according toptfttecedure
reported [11].

Weight loss study

The aluminium specimens were suspended with thg bklglass hooks in beakers containing 100 ml 6f M.
sodium hydroxide, without and with the inhibitor fabout 1 hour. The specimens were removed afteetposure
period, washed with water and rubbed with bristiesh to remove any corrosion product and finallysked with
acetone and distilled water. They were dried im&n and re-weighed to determine the weight loss.

The experiments were carried out in triplicate tswre reproducibility and the mean values of weighs were
computed. The percentage inhibition (P.l) efficiem@s calculated using the following equation:

=—0 1y100 1)
Wo

P.l.

where w and w are the weight losses in uninhibited and inhibitedfoding solutions, respectively.

Electr ochemical measurements

The aluminium coupons, which were prepared as destrabove, was used as working electrode. Befaoh e
experiment, the exposed area of the working eldetias polished with sand paper to a metalliceshiihen it was
washed with distilled water, degreased with ethamold finally dried with soft paper. The electroctieal
measurements were performed in a conventional thleerode glass cell which consists of aluminiasnthe
working electrode ( WE), platinum as the countecebde (CE) and a saturated calomel electrode \$6HEhe
reference electrode. The electrode potential wiasvall to stabilize in a time period of 60 minubefore starting
the measurements.

Measurements were performed using Princeton Apgliesearch Electrochemical Analyser (model KO264riic
cell kit ). Electrochemical analyser software wadi for plotting, graphing and fitting data. Tafellarisation
curves were obtained by changing the electrodentiateautomatically from +300 to -300 mV around npsrcuit
potential with scan rate of 10 mV/sec. Impedancasugements were carried out in the frequency rémge 100
kHz to 1Hz using ac signals with an amplitude o7 peak to peak at open circuit potential.

RESULTSAND DISCUSSION

The values of corrosion rate and percentage inbibfficiency, obtained by weight loss measurenardifferent
concentrations of salicylideneaniline at” @Gare shown (Tablel).

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

[salicylideneaniline], M| rate of corrosion x 10| % inhibition efficiency
g cm?min?

0 4.666 --
0.0001 5.000 -07.50
0.0003 4.750 -01.80
0.0005 4.166 10.71
0.0007 3.684 21.03
0.0009 3.450 26.05
0.0020 3.353 28.14
0.0040 3.000 35.71
0.0060 2.850 38.92
0.0090 2.750 41.07
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The inhibition efficiency increases with the incs#®y concentrations of the inhibitor. The maximumhibition
efficiency was found to be 41.07 %.

At 50° C, the rate of corrosion is high and the efficiert inhibition of the Schiff base is not considea
However in the presence of TBAB , the inhibitivéluence of the Schiff base is considerably enhanbeth at 30
and 50 C( Table 3).

Generally the organic compounds containing hetésma like O and N, along with aromatic rings aparted to
function as very effective corrosion inhibitors {12]. The efficiency of these compounds dependsiuptectron
density around the hetero atoms [15].

Schiff's bases with C = N linkage and two aromaitigs have both the above features in their siras and
therefore salicylideneaniline is expected to beffective potential corrosion inhibitor[16].

However at low inhibitor concentrations, salicyl@aniline accelerates corrosion (Tablel), probakig to the
following reason.

The surface of aluminium is negatively chargegtht> 9 [17].
In 1.0 N NaOH ( pH 14), the phenolic - OH grodsalicylidene part of the Schiff base, is ionisedfollows.

B ®
= — o
| oK rl
M i
o —H,0 _
OH o

The _O™ group in the salicylidene part of the Schiff baiseprobably repelled by the negative aluminiunidex
surface. Due to this reason, at low concentratamsalicylideneaniline corrosion is acceleratédklel). As a
molecule with great tendency for adsorption[16high concentrations, it inhibits corrosion (Takh)e

Table2: Inhibition of corrosion of aluminiumin 1.0 N NaOH by tetrabutylammonium bromide (TBAB) (weight loss method ) at 30" C

[TBAB]. | Rate gf Coprosion x 0] o4 inhibition efficiency
Blank 4.449

0.0002 4359 70

0.0004 2.270 4.0

0.0006 4.049 9.0

Table3: Inhibition of corrosion of aluminium by 1.0 N NaOH by salicylideneaniline along with TBAB at 30° and 50° €
[TBAB] =0.0006 M

Rate of corrosion x % inhibition
[salicylideneaniline] M|  10* g cm?min™ 0
33+0.8C | 50+0.8C | 33+0.85C | 50+0.8C
0 7.416 - - ---
0.0001 3.500 --- 52.81 -
0.0003 3.416 ---- 53.93 ---
0.0005 3.083 -—-- 58.43 ---
0.0007 3.00 o 59.55 -—-
0.0009 2.719 8.6547 63.33 22.58
0.0020 2.610 7.9337 64.80 29.03
0.0040 2.333 7.2842 68.44 34.84
0.0060 2.250 6.3473 69.66 43.22
0.0090 2.000 5.6252 73.03 49.68
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Table4: Values of apparent activation energy, E, and heat of adsor ption of inhibitor, Q. in the presence of TBAB
[TBAB] = 0.0006 M

. . Rate of corrosion x1f) g cm?min™ Surface Coveragé,
[salicylideneaniline], E., 33:0.8C | 50£0.8C Qads
M 33+0.5C 50+0.5C kJ mol* o o | K mol*
1 2
0 7.416 -
0.0009 2.719 8.6547 47.198 63.33] 22.5 -72.870
0.0020 2.610 7.9337 45.310 64.80) 29.0 -61.201
0.0040 2.333 7.2842 46.410 68.54 34.84 -57.182
0.0060 2.250 6.3473 42.270 69.66| 43.22 -44.927

With the raise of temperature, the rate of cormodiccreases and therefore the inhibition efficiedegreases (
Table 3 ) due to the increase of the rate of diffiusf corrosion products[19]. According to Fereegt al.,[20] a
decrease of inhibition efficiency with increase teinperature indicates inhibitor physisorption amederse
behaviour is attributed to chemisorption. Similaservations have also been reported [21,22].

The apparent activation energy, &d the heat of adsorption fQwere calculated using the following equations
(2) and (3) :

rn _ _Ea r_1
lOgZ T 2303R (T1 Tz) @

B 0, 041 T1T,
Qus=2303R (log[ 7] ~log| 5] )iy
where

r, = corrosion rate at the temperaturg, T

r, = corrosion rate at the temperature, T

8, = surface coverage by inhibitor at the temperatire

and 0, = surface coverage by inhibitor at the temperat(e

Increased activation energy ,, EBn inhibited solutions compared to the blank (fBald) is suggestive of
physisorption of inhibitor [21]. The negative,{Qvalues also supportive of physisorption [24].

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

[sallcylld'e\z/lneamllne], % Inhibition | [salicylideneaniline],M + TBAB| % Inbition Synergism

parameter,s
0.0001 -07.50 0.0001 52.81 2.09
0.0003 -01.80 0.0003 53.93 2.01
0.0005 10.71 0.0005 58.43 1.93
0.0007 21.03 0.0007 59.55 1.73
0.0009 26.05 0.0009 63.33 1.76
0.0020 28.14 0.0020 64.80 1.79
0.0040 35.71 0.0040 68.54 1.76
0.0060 38.92 0.0060 69.66 1.72
0.0090 41.07 0.0090 73.03 1.85

The inhibition efficiency synergistically increasg® -1 ) on the addition of 0.0006 M TBAB along withrying
concentrations of the salicylideneaniline to 1.0NBIOH (Table 5) . It can be interpreted, in terwiscooperative
adsorption [25] between salicylideneaniline andABB

Aramaki and Hackerman [26] calculated the synemgisrameter, (Sby the equation :
1 -9 1,2
S = (4)
1 'e' 12

where 61,2 = (91"’ 92) ,

0, = surface coverage by Schiff anion ,

0, = surface coverage by TBAation , and

0'1, =surface coverage measured for the combinafitimeoSchiff anion and the TBApresent together in the
solutions.
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The § values (Table 5) are greater than unity , sugggstiat the enhanced inhibition efficiency causgdhe
addition of TBAB to the Schiff base is mainly dwethe synergistic effect between these substances.

The tetrabutylammonium cation, TBAis initially adsorbed on the negatively chargeetal oxide surface and
provide a better electrostatic condition for theagtion of the Schiff base anion.

y THE.A

=~ Schiff base anion

alurmninioarn
surface

A similar model was proposed for the adsorption sofne organic compounds on the mild steel in acid
electrolyte[27,28].

The adsorption of the inhibitors molecules from emus solutions can be regarded as a substitutioceps[29],
between the organic compound in the aqueous pbeség), and water molecules at the metal surfacgQiThe
following replacement reaction occurs.

Orgagy + XHOi — Orgs) + XHOg)

where x, the size ratio, is the number of watetetules displaced by one adsorbed organic mol&g]leThe
inhibitor molecules could displace water moleculenf the surface of the metal, if the energy déraction
between metal surface and inhibitor is strong. ofder to determine the adsorption isotherm , thdase
coveragd), for the inhibitor was calculated accordinghe equation:

p = Yo (5)

Wo

where v, and w are the weight losses obtained without and wlith inhibitor[13,14,15].

The data were fitted to the adsorption isothermsEbAwady et al., Langmuir and Temkin. The regressi
coefficient R was used to determine the best fit isotherm [Biyas found that

R?=0.991 for Langmuir isotherm.

Langmuir adsorption isotherm model has the form,

c _ 1
5 +C 4)

Kads

where 0 is the surface coverage, C is the concentratiomnbibitor and Kgys is the equilibrium constant of
adsorption process,

The slope deviates from unity showing that theratisaction or repulsion in the adsorbed layerntiibitor on the
aluminium surface. Since Langmuir isotherm is thsthfit isotherm, using Langmuir adsorption isotheK,gs

:ﬁ . Kagsvalues are calculated at different concentratidnth® inhibitor. The values of Y4sare related to the

standard Gibbs free energy of adsorptiliif,,4s by the following equation.

exp (_A(I;?;t}ds)

Kads =

Csolvent

Csolvent = Ch,, =55.55 mol dri¥, R(Imof* K™ ) is the gas constant and T(K) is the temperature.

The standard Gibbs free energy of adsorption abitdr on the aluminium surface at 3@ was calculated (Table
6)
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Fig.1 Langmuir adsor ption isotherm

Langmuir isotherm
0.025 -
0.02 - # salicylideneaniline (30)
y =2.172x + 0.002
0.015 - R?2=0.991
(8] 1o) M salicylideneaniline
+TBAB(30
0.01 y= 1.§762( +0.000
R?=0.998
salicylideneaniline+
0.005 TBAB (50)
y =1.716x + 0.003
2 _
O T T T T 1 R - 0.977
0 0.002 0.004 0.006 0.008 0.01
C

Temperaturddesparanthesis

Table6: Valuesof AG°ysfor theinhibition of corrosion of aluminium in 1.0 N NaOH by salicylideneaniline

[Sallcyhslleneamlme], 0 | AGowe omd
0.0009 0.2605/ -25.155
0.0020 0.2814] -23.416
0.0040 0.3571] -22.550
0.0060 0.3892] -21.867
0.0090 0.4107] -21.062

The values oAG°,4sare negative and lies betweef25.155 and -21.062 k J mal The negative value indicates that
the adsorption of the inhibitor molecule on thenaiium surface is spontaneous. The values arenkegative with
an increase in the inhibitor concentrations, intiiicathat the adsorption of the inhibitor onto alomam surface was
less favourable with increasing concentrationshefinhibitor. In general , the values &§°,4saround 20 kJ mof*
are consistent with physisorption while those atburt0 kJmot or lower correspond to chemisorption.

Table7: Adsorption parametersfor theinhibition of corrosion of aluminium in 1.0 N NaOH
by salicylideneaniline

Regression coefficient @R | AG°, k J mot* 1/y (or) x Lalgeral I nteraction
Adsor ptionisotherm Systems arameter , a
30 50 30 50 30 50 30 +0 8C 30
+0.5°C +0.5°C +0.5°C | +0.5°C | +0.5°C | +0.5°C - +0.5°C
[Salicylide--neaniline] 0.991 25.3 - - - -
Langmuir isotherm | [Salicylide--neaniline] B ) ; )
+ TBAB 0.999 0.977 333 24.5
El- Awady [salicylide--neaniline] 0.835 20.8 1.9106 - - -
Et al. isotherm [safeylde-neaniinel| ¢ 963 0975 | 2211| 2159 20157 4.950 - -
[salicylide--neaniline] 0.919 33.65 - - - -5.45 -
Temkin isotherm Ee}'gx'éde"ea”'"”e] 0.965 0.957 60.4| 3230 - - 0947 4311

The lateral interaction parameter, a , has negatabees indicating repulsion between inhibitor neolles in the
adsorbed layer[32,33].
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Table 8. Anodic and cathodic polarization of aluminium in 1.0 N NaOH without and with salicylideneaniline

[m]lcylldir/lleamlme], OCP,V | Ecor, V m;\mé;],z m\llflcd‘ec m'\slélléje Per centage | nhibition
Blank 1.26 -1.499 21.543 274.5 449 -
0.0005 1.225 -1.5824 18.310 284.5 386.8 15.0
0.0020 1.377 -1.5632 13.678 263.9 3825 36.0
0.0090 1.349 -1.6036 13.377 266.8 380.3 38.0

The anodic and cathodic polarization curves of ahium in 1.0 N NaOH were recorded in the absenmakia the
presence of inhibitor under potentiodynamic po&ie condition. It was observed that anodic paktion was
greater than cathodic polarization in all solutio@athodic and anodic polarization curves are athifowards lower
current density values in the presence of the itdribBut only a small shift in &, is observed.

Thus the nature of inhibition is of mixed type.

This observation indicates that the inhibitor sgsses both anodic as well as cathodic reactiomsthétincreasing
addition of the inhibitor.

I mpedance measur ements
The influence of different concentrations of sdidgneaniline on the impedance response of Al hN.. NaOH

solution at OCP (360.5° C ) is shown (Fig 2).

salicylideneaniline

0.35
0.3
0.25
0.2
0.15
0.1
0.05

0 N ‘ —¢—blank
-0.05 1)2 1.4 1.6 18 2 2.2
0.1

-0.15

=——0.0005
——0.009

0.002

-Im Z, ohm cm2

Re Z, Ohm cm?

Fig. 2 Nyquist plot for Al in 1.0 N NaOH with different concentrations of salicylideneaniline

The values of the polarisation resistance (Rct)taeddouble layer capacitance ¢ were recorded (Table 9). The
(Ret) value increases and {Q value decreases with increase in inhibitor cotre¢ion due to the adsorption of the
inhibitor on the electrode surface.

Table9: Valuesof Cq and Rct for Al in 1.0 N NaOH solution in the absence and presence of various concentration of the
salicylideneanilineat OCP (30+0.5°C)

[salicylideneanilinelm | Re O™ | Re OOM | ¢ 2
Blank 1626 | 0579 | 22507
0.0005 1400 | 06493 | 04148¢°
0.0020 1280 | 06903 | 0.3902¢°
0.0090 1349 | 07057 | 0.2573¢°
CONCLUSION

The corrosion of aluminium in 1.0 N NaOH was foumd decrease with the increasing concentration of the
inhibitor, salicylideneaniline. The inhibition effency values, obtained from the mass loss stuatidspolarization
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measurements, showed, the same trend. The mechahismnrosion was shown to be physisorption Theasion
inhibition appears to be of mixed type .
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