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ABSTRACT

An aqueous extract of Sda acuta leaves (SAL) was prepared and its influence on corrosion inhibition of aluminium
in IN NaOH solution was studied using chemical and electrochemical methods. It was found that the inhibition
efficiency increases with the increasing the concentration of Sda acuta extract upto 900ppm. Electrochemical
measurements revealed that SAL extract acts as a mixed type inhibitor. Adsorption of SAL extract was found to
follow Langmuir adsorption isotherm. The results obtained from chemical and electrochemical measurements were
in good agreement. The protective film formed on the surface of aluminium by the adsorption of water-soluble
chemical constituents of SAL extract was confirmed by using scanning electron microscopy studies. These results
were supported by kinetic and thermodynamic parameters obtained from weight loss data at various temperatures
studied.

Keywords: Corrosion inhibitors Sda acuta leaves extract, Aluminium corrosion, Langmuir agéion isotherm,
Mixed type inhibitor.

INTRODUCTION

Aluminium is one of the most abundant metals afteon. It is used in a large number of applicatitwysitself and
in a wide range of alloys. It can be used as ardanmaterial for power sources with high energy dierss The
corrosion behavior of pure aluminium and its allagsalkaline solution has been extensively studied the
development of aluminium anode for Al/Air battety].[ It has been reported that the damage of alumiry self
corrosion in alkaline solution. This can be subtstdiy reduced by employing corrosion inhibitorsonadays, the
use of chemical inhibitors has been limited duengironmental regulations, and hence, plant exdérhave again
become important because they are environmentakgpable, readily available, eco-friendly and weaigle
materials. Natural products such as henna leajeg¢asipium higgutum [3], gum arabic [4] phyllanthamarus
[5], ipomoea involucrate [6], hibiscus sabdorifi§,[adathoda vasica [ 8] damisissa [9], brahmi [Jdpali leaves
[11] etc., have been studied as effective corrosibibitors for aluminium in alkaline environment.

This paper reports the influence of aqueous extb8ida acuta leaves for the corrosion inhibition of aluminium in
1IN sodium hydroxide solution by chemical and elsdtemical techniques. The effect of temperaturethen
corrosion rate of aluminium in presence of an optimconcentration of SAL extract was investigated aome
thermodynamic parameters for activation proces® ko computed and discussed.
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MATERIALS AND METHODS

Material preparation

Aluminium strips of 4.82cmx0.2cm containing > 99.9 % purity were used forgheloss and gasometric studies.
The strips were mechanically polished and degreasgdacetone before use. A cylindrical aluminiuad rof the
same composition embedded in a Teflon rod with>posed area of 0.5¢mvas used for electrochemical studies.
Analar grade NaOH and double distilled water weseduto prepare the solutions.

Preparation of sidaacuta leaves extract

The Sda acuta leaves (Aruvamanai poondu) were taken and cutsmall pieces and they were dried in an air
oven at 80°C for 2 hrs. The dried leaves were gilomell into powder. From this, 10g of the sampleswefluxed in
100mL distilled water for 1 hour. The refluxed dan was filtered carefully and the filtrates wéreated on water
bath to evaporate fully the moisture content totgetdried compound [8]. The inhibitor concentraiaf 300 to
900ppm were prepared using 1N NaOH solution.

Weight loss studies

Weight loss measurements were carried out as @escalsewhere [12]. Aluminium specimens were imegeiig
100ml of inhibited and uninhibited solutions forhdurs at 30°C. The corrosion rate (mmpy) and inioibi
efficiency were calculated using the following etioias;

Corrosion rate (mmpy) = KW/ATD

Where, k =8.76810" (constant), W = weight loss in g, A= area in sguam, T= time in hours and D= density in
gm/ cu.cm (2.70)

Inhibition Efficiency (%) = W — W, / Wz X100

Where, W, and W are weight loss per unit time in the absence aadgnce of inhibitors.

Weight loss measurements were also performed farelift immersion time from 2 hours to 10 hourstfa best
concentration of SAL extract at 30°C. From theiatind final weight of the specimen, the weightdmf the

specimen was calculated and the inhibitor efficjestcdifferent immersion times was calculated.

Determination of surface coverage
The degree of surface covera@® (as calculated from the weight loss measuremesults using the following
formula [13];

V- W

W

Surface coveragd) =

Where, W is the weight loss in the absence of the SAL extrd/ is the weight loss in the presence of the SAL
extract. The data were tested graphically fonfita suitable isotherm.

Electrochemical polarization studies

Tafel polarization measurements were carried oiniguklectrochemical analyzer (BioLogic; VSP, Franae a
conventional three — electrode glass cell. A platirfoil of surface area 2cnwas used as the auxiliary electrode
and a saturated calomel electrode as the referglecerode. Both anodic and cathodic polarizatiorves were
recorded in the absence and presence of variouseotations of the SAL extract from a cathodic pts of —
1800 mV to an anodic potential of — 1300 mV (vs $@Ea sweep rate of ImV/sec. From the polarizatimves,
Tafel slopes, corrosion potential and corrosiorrentrwere calculated. The inhibitor efficiency veadculated using
the formula [8];

) B — x 100

Where, Lo and 1%, are corrosion current in the absence and presdrgaL extract.
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AC-Impedance studies

The electrochemical AC-impedance measurements pegfermed using Electrochemical analyzer (BioLoyEP,
France) as described earlier. Experiments weréecaaut at the open circuit potential in the fregeye range of
100kHz to 1 mHz. A plot of Z'vs Z" were madé&rom the plots, the charge transfer resistangeafirl the
double layer capacitance {{Cwere calculated using the equation [14];

Ca =1/ 2R

Where, Ris charge transfer resistance ang i§ double layer capacitance. The experiments wangéed out in the
absence and presence of various concentrationsAbf extract. The percentage of inhibition efficieneyas
calculated using the equation;

RERy
IE (%) = ---------m-- *x100

R

Where, R and R are the charge transfer resistance in the preserttabsence of SAL extract.

Surface examination studies

The aluminium specimens were immersed in 1N NaOlkhéabsence and presence of the best concentrtio
SAL extract for 2 hour at 3C. After 2 hour, the specimens were taken out,ddaled kept in desiccators. The
protective film formed on the surface of aluminiwas confirmed by SEM studies with the magnificatidri 000x.

RESULTS AND DISCUSSION

Weight loss method

The corrosion parameters obtained from weight thsasurements for aluminium in 1N NaOH solutiontaoving
various concentrations dfida acuta leaves extract are given in Table-1. It was fouhdt with the rise in
concentration ofSda acuta leaves extract from 300 to 900 ppm, the weight lafsaluminium decreased, and the
inhibition efficiency increased from 47.9 % to 6%4l This result indicated that 900 ppm is the lbesicentration to
get corrosion protection for aluminium in 1N NaOking Sda acuta leaves extract. This trend may result from the
fact that adsorption is enhanced with increaseancentration ofSda acuta leaves extract. As a result, more
inhibitor molecules are adsorbed on the metal sarfeeduces the surface area available for thekatth¢he
aggressive Ohibns from the alkaline solution for corrosion. Thariation of inhibition efficiency with various
concentrations dfida acuta leaves extract on aluminium in 1IN NaOH as shawirig.1.

Table 1 Corrosion parameters obtained from weightdss measurements for aluminium in 1N NaOH solutionontaining various
concentrations of SAL extract

Conc. of SAL Extract | Weigh Loss | Corrosion Rate | Inhibition Efficiency | Surface Coverage
(ppm) (gm) (mmpy) (%) 6)
Blank 0.2424 436.92 - -
300 0.1262 227.47 47.9 0.479
500 0.1086 195.75 55.2 0.552
700 0.0942 169.79 61.1 0.611
900 0.0798 143.83 67.1 0.671

X "
/

554 L
50 /

IE( %)

300 600 900

. - - - . . Conc. of SAL Extract L .
Fig.1 Variation of inhibition efficiency with vario us concentrations of SAL extract on aluminium in 2NNaOH solution
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The effect of immersion time from 2 to 10 hours va#so studied. The inhibition efficiency was foutaddecrease
from 67.1 % to 61.2 %.The slight decrease in iritdhiefficiency at longer immersion time is dueato increase in
cathodic or hydrogen evolution kinetics or an iasein concentration of Rlons. The effect of immersion time on
percentage inhibition efficiency of aluminium in MM&OH at 36C in presence of an optimum concentration (900
ppm) of Sda acuta leaves extract is given in Table-2 (Fig.2). Thouwih2 % inhibition efficiency was obtained
even at 10 hours of immersion time, the maximunibition efficiency was found at 2 hours. Hence hgsiveight
loss method, it was found th&8tda acuta leaves extract acted as corrosion inhibitor fomahium in 1IN NaOH
medium at the best concentration of 900 ppm faeriop of 2 hours at 3C.

Table 2 Effect of immersion time on percentage inhition efficiency of aluminium in 1N NaOH at 30°C in presence of the best
concentration (900ppm) of SAL extract

Weight Loss (gm) 1IE (%)
System Time (hrs Time (hrs)
2 4 6 8 10 2 4 6 8 10
Blank 0.2424| 0.34827 0.5482 0.7262 0.8560 - - - - -
900 ppm 0.0797| 0.1191] 0.199% 0.2745 0.3321 6.1 658 63.8.2 6612
of SAL extract

1.0
—e— SAL Extract
08}
Sosf
12
1%
(]
-
< 04f
]
=
02}
00 1 1 1 1 1
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Time (h)

Fig.2 Effect of immersion time on percentage inhiltion efficiency of aluminium in 1N NaOH at 30°C inpresence the best concentration
(900ppm) of SAL extract
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Fig.3 Electrochemical polarization curves for alumnium in 1N NaOH solution in the absence and preseaf various concentrations of
SAL extract

Electrochemical polarization method

Fig.3 shows the polarization curves for aluminiumlN NaOH solution in the absence and presenceacbus
concentrations ofida acuta leaves extract and their corresponding electroct@npolarization parameters are
given in Table 3. It can be seen from the tablé i corrosion potential was not shifted signifitgin presence of
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the extract suggesting that tBla acuta leaves extract control both anodic and cathodicti@as to inhibit the
corrosion of aluminium by blocking active sitestbe surface of aluminium . This showed that thebitilon action
is of mixed type [15]. On the other hand, the esion current density was markedly decreased upmaddition of
the extract in 1IN NaOH solution. The extent ofdecrease, increased with the addition of the SAtraek (900
ppm) and the maximum inhibition efficiency of 6640was observed as in weight loss method.

Table 3 Electrochemical polarization parametersdr aluminium in 1N NaOH solution in the absence angbresence of various
concentrations of SAL extract

Conc. of SAL Tafel Slope

Ecorr I corr Inhibition Efficiency
E(;gac)t (V vs SCE) | (mAlcm?) (rE:” decat::e) (%)
Blank -1.584 4.46 182| 318
300 -1.582 2.417 174 294 45.8
500 -1.570 2243 | 170 | 290 49.7
700 -1.565 1.819 | 168 | 282 59.2
900 -1.560 1.516 170 286 66.0

AC-Impedance measurements

Fig.4 shows the nyquist plots for aluminium in 1M®H in the absence and presence of various comatiens of
Sda acuta leaves extract and their corresponding impedancanpeters are given in Table 4. It can be seen from
the figure that the obtained Nyquist plots are ansmicircular in nature followed by an inductigep at the low
frequency region. The semicircular nature of thegst plot is due to the charge - transfer processnly controls
the corrosion of aluminium. The low frequency intive loop is due to the growth and dissolution loé surface
film [16]. In fact, the presence ofida acuta leaves extract enhanced the value ghRilkaline solution and the
values of double layer capacitance are broughtndtawthe maximum extent in the presence of inhibifhe
decrease in gshowed that the adsorption of the inhibitor tookgel on the aluminium surface in alkaline solution
The increase in the values of &d the decrease in the values gfvith an increase in concentration of inhibitor
led to increase in the inhibition efficiency. This due to increase in surface coverage by the itonibThe
maximum R value of 13.36Qcn? and the minimum & value of 12.3RF/cnf was obtained at the optimum
concentration 900ppm of the extract gave a mari inhibition efficiency of 66.2 %. This resulas good
agreement with the results obtained from non-ebetiemical weight loss and electrochemical Taédhpzation
methods.

16.0
12.0 1
£
O 8.0
~
N 4.0
04
-4.0 T T T
0 4.0 8.0 12.0 16.0
Z' /| Ohm
Fig. 4 Impedance diagrams for aluminium in 1N NaOHsolution in the absence and presence of variousrm@ntrations of SAL
extract

Table 4 Impedance parameters for the corrosion oflaminium in 1N NaOH in the absence and presence ofrious concentrations of
SAL extract at 3°C

Conc. of SAL Ry Cal Inhibition Efficiency
Extract (ppm) | ( cn?) | (uF/cm?) (%)

Blank 4.52 108.36

300 8.46 25.82 46.6

500 9.10 20.20 50.3

700 11.22 16.44 59.7

900 13.36 12.32 66.2

Effect of Temperature
Table 5 shows the corrosion rate and inhibitioncifficy of aluminium in 1N NaOH solution in the abse and
presence of the SAL extract at different tempeestuanging from 3 to 60C. It can be seen from the table that
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the increase in corrosion rate is more pronounciéld tive rise in temperature for the uninhibitedaditke solution
than the inhibited solution suggesting that theasttwas adsorbed on the aluminium surface atealperatures
studied [17]. The effect of temperature on the @sion inhibition of aluminium in 1IN NaOH in presenof an
optimum concentration dida acuta leaves extracas shown in Fig.5.

—&— Blank
—&— SAL Extract

S

600

S a1
o o
o o
T

Corrosion Rate (mmpy)
]
o

O 1 1 1 1
30 40 50 60

Temperature (°C)

Fig.5 Effect of temperatures on the corrosion intiition efficiency of aluminium in 1N NaOH in preserce of the best concentration
(900ppm) of SAL extract

Table 5 Corrosion of aluminium in the absence ahpresence of the best concentration of SAL extr&a€900 ppm) in 1N NaOH at
different temperatures obtained by weight loss metbd

Temperature | Corrosion Rate - -
System Inhibition Efficiency (%
4 ) (mmpy) y O6)
30 436.92
40 447.46
Blank 50 458.51
60 470.14
30 143.83 67.1
40 155.89 64.7
900 ppm of SAL extrac 50 168.68 62.3
60 186.82 58.6

Mechanism of corrosion inhibition

The Arrhenius plot for aluminium immersed in 1N Q4 solution in the absence and presence of an aptim
concentration (900ppm) ofida acuta leavesextract as shown in Fig.6. The plot of logarithntloé corrosion rate
versus the reciprocal of absolute temperature gasteaight line. According to the Arrhenius edqua{17];

Inr=A-E/RT

Where, r is the corrosion rate, A is the consteerjdency factor and,is the apparent activation energy. The values
of activation energy (f for the corrosion process in the absence andepoesof the best concentration of SAL
extract were calculated from the following Arrhenequation [18];

|Og _____ = memmmmmmme- [1/T1 - 1/T2]

Where, kand k are the corrosion rates at temperaturgant T,, respectively.

The inhibition of Sda acuta leaves extractnay be due to the presence of the major alkalaiihdpline and
cryptolepine which containing nitrogenous compouadd methyl groups [19]. The structures of quinumland
cryptolepine are shown in Fig.7(a & b). The inhiit mechanism involved in this is due to the adsonpof
inhibitor on the surface of aluminium and formingc@mpact protective thin layer on the aluminiumface. It
provokes the corrosion of aluminium in 1N NaOH $iolo.
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Fig. 6 Arrehenius plots for aluminium immersed in1N NaOH solution in the absence and presence of thest concentration
(900ppm) of SAL extract
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Fig. 7 Structure of (a) Quindoline and (b) Crypolepine

The adsorption of these compounds on the aluminuriace made a barrier for mass and charge transfers
situation led to the protection of aluminium sugfdoom the action of aggressive ions of the allabolution. The
degree of protection increased with surface cowefagthese adsorbed molecules. As the extract otmaten
increased, the number of adsorbed molecules osutface increased. Surface covera@jewhich was estimated
from the inhibition efficiency values using weidhss method could be used to represent the fracfidine surface
occupied by the adsorbed molecules. The valuesifdce coveraged) for various concentrations &da acuta
leaves extract are shown in Table-1. The use obratien isotherm provides useful insight into therrosion
inhibition mechanism. A plot of @/versus C gave a straight line with unit slope ssg¢g that the adsorption of
various concentrations dida acuta leaves extract on the surface of aluminium in 1IN NaOH $olu follows
Langmuir adsorption isotherm (Fig.8).

1600

1400 4
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Fig.8 Langmuir adsorption isotherm plot for the ad®rption of various concentrations of SAL extract m the surface of aluminium in 1N
NaOH solution
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Surface Analysis

Surface examination of the aluminium specimens wesde using scanning electron microscope (SEM) thie
magnification of 1000x. The aluminium specimengmiinmersion in 1IN NaOH solution for 2 hours at@G0n the
absence and presence of an optimum concentratithre 8fda acuta leaves extract were taken out, dried and kept in
a desiccator. Their surface was examined by SEBiesiare shown in Fig.9(a & b). In the absenc8AIf extract,
the corroded aluminium surface with etched grainrtlaries is clearly seen. In the presence of SAtaety almost
66 % of protected aluminium surface are seen.

Fig.9(b) SEM Photograph of aluminium immersed inLN NaOH solution containing the best concentratio(900) of SALextract
CONCLUSION

The following conclusions are drawn from the absulies;

The aqueous extract &8fda acuta leaves perform well in 1IN NaOH solution and inhithié corrosion of aluminium
and the inhibition efficiency increases with in@ieg concentration of SAL extract. The SAL extrachtrol both
anodic and cathodic reactions by blocking the actites of aluminium surface and thus the inhibitomixed type.
Electrochemical impedance plots indicated thatdharge transfer resistance increased in conceorrati SAL
extract. The SAL extract inhibit the corrosion déirminium in 1IN NaOH solution by strong adsorptioh its
chemical constituents on the aluminium surface sth@ngmuir adsorption isotherm.

155
Pelagia Research Library



A. Sirajunnisa et al Der Chemica Sinica, 2014, 5(1):148-156

REFERENCES

[1] Mohammed A.Amin, Sayed .S.Abd El-Rehim,Omar A.Haz€arros.ci., 2009 51, 658.

[2] H.Al SehaibaniMat.-wiss WerkstoffTech., 2000 31,1060

[3] OlugegunK.Abiola, J.O.E.Otaighe, O.J.K&orros. <i.,2009 51, 1899.

[4] S.A. Umoren and 1.B.Obo#nti-Corrosion Methods and Materials, 2006 53, 277.

[5] OlesegunK.Abiola, J.O.E.Otaigbe, O.J.K@nrros.Science, 2009 51, 2790.

[6]1.B.Obot, N.O.Obi — EgbedPortugaliae Electrochim Acta, 2009 27, 517.

[7] Enteram A.Noor,).Appl.Electrochem., 2009 39, 1465.

[8] K.Lakshmi Prabha, S.Rajam, A.Subramadia&hem. Pharm. Res., 2012 4, 337.

[9] A.M.Abdel-Gabel, E.Khamis, Sh.Adedllater. Chem. Phys., 2008 109, 297.

[10]Ambrish Singh, M.A.Quraishintl. J. Electrochem. Sci., 2012 7, 3409.

[11]Ambrish Singh, M.A.Quraishi). Chem. Pharm. Res., 2012 4, 322.

[12]S.A.Umoren, |.B.Obot, E.E.Ebenso, NO Obi-Egbé&uit. Electrochim. Acta., 2008 26,199.
[13] A.Subramania,R.Sathiya priya,K.Saminathan, T.Vasad,Bull. Electrochem., 2004 20,13.
[14] T.Gowrani, K.Parameswari, A.Selvaraj and A.Subnaiaanti-Corrosion Methodsand Materials, 2004 51,
414,

[15]C.B.Breslin, W.M. CarnolCorros. ci., 1993,33, 327.

[16]M.G. A.Khedr, M.S. LashierCorros. Sci., 1992 33, 137.

[17]A.R.Sathiya Priya, V.S.Muralidharan and A.SubraiagaBorrosion, 2008 64, 541
[18]S.A.Umoren, E.E.Ebenso, O.0OghodeApplied Polymer ci., 2009 113, 3533.

[19] Damintoti Karou, Aly Savadogo, Antonella Canini,y8au Yameogo, Carla Montesano, Jacques Simpore,
Vittorio Colizzi, Alfred S. Traoréfrican J Biotech., 2005 4, 1452.

156
Pelagia Research Library



