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ABSTRACT

The present work investigates corrosion inhibition of aluminiumin 1N NaOH solution in presence of Vitex negundo
(VNL) leaves extract as green corrosion inhibitor by using chemical and electrochemical techniques. It was found
that the inhibition efficiency increased with increase of VNL extract and reached the maximum of 72.6% at 900 ppm
of VNL extract. The results obtained from chemical and electrochemical measurements were in good agreement.
The potentiodynamic polarization studies reveal that the VNL extract act as mixed type inhibitor. Adsorption of VNL
extract on the surface of aluminium follows Langmuir adsor ption isotherm. The surface characteristics of inhibited
and uninhibited al uminium wer e investigated by scanning electron microscope studies. These results were supported
by kinetic and thermodynamic parameters obtained from weight loss data at different temperatures studied.

Keywords: Corrosion inhibitors,Vitex negundo leaves extract, Aluminium corrosion, Langmuir agsion
isotherm, Mixed type inhibitor.

INTRODUCTION

Aluminium is one of the world’s most abundant meaald is the second to iron in terms of productiond a
consumption. It is one of the most important meteiich find extensive domestic as well as indukaplications
light weight, strength, recyclability, corrosiorsigance, durability, conductivity etc. The coromsbehavior of pure
aluminium and its alloys in alkaline solution h&ween extensively studied in the development of alium anodes
for aluminium/air batteries [1]. Aluminium corrosiowithin the battery cause many problem becausmast
aqueous solutions, the anodic overvoltage for fhsotltion of aluminium is very high[2]. In soluticcontaining
aggressive anions or in highly alkaline solutidihe dissolution procedure occurs in a much easigr. Wlthough,
there is a high amount of dissolution, which istiable, there arises a problem of high hydrogernugiem which in
turn commercial application of the situation. Thaemmercial application of aluminium and its allogsjuires
minimizing the over voltage for the anodic processile increasing it for the cathodic process. Tke of chemical
inhibitors has been limited because of the enviremiad regulations, and hence plant extracts haworbe
important because they are environmentally accéptadadily available and renewable source for dewange of
needed inhibitors [3]. For instance, henna leagggdssipium higgutum [5], gum arabic [6] phyllanfamarus [7],
ipomoea involucrate [8], hibiscus sabdoriffa [9httbda vasica [10] damisissa [11], brahmi [12] apifeaves [13]
etc., have been studied as effective corrosioritdrs for aluminium in alkaline medium.
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This paper reports the influence of VNL extracttba corrosion of aluminium in 1N alkaline solutibg weight
loss, gasometric, potentiodynamic polarization Agdimpedance studies to find out the inhibitioni@éncy of the
inhibitors and a suitable mechanism regarding tbderof inhibition was also proposed. Surface exation on the
aluminium in the absence and presence of inhibitas made to confirm the formation film on the soefef
aluminium.

EXPERIMENTAL SECTION

Material preparation

Aluminium strips of 4.5cmx 2cmx 0.2cm containing > 99.9 % purity was used for Weilpss and gasometric
studies. The strips were mechanically polisheddegteased with acetone before use. A cyclindricahimium rod
of the same composition embedded in a Teflon rdt @m exposed area of 0.5tmas used for potentiodynamic
polarization studies and AC impedance measuremAntdar grade NaOH and double distilled water wesed to
prepare the solutions.

Preparation of leaves olVitex negundo leaves ¥NL) extract

The Vitex negundo leaves (Nochi) were collected and cut into smadtes. They were dried in an air oven at 80°C
for 2 hrs. The dried leaves were ground well inbevger. From this, 10g of the sample was refluxeddOmL of
distilled water for 1 hour. The refluxed solutioms\filtered carefully and the filtrates were heatedvater bath to
evaporate fully the moisture content to get thedicompound [14]. Th&NL extract concentrations of 300 to 900
ppm were prepared using 1N NaOH solution.

Weight loss studies

Weight loss measurements were carried out as thescalsewhere [15]. Aluminium specimens were imezbig
100ml of inhibited and uninhibited solutions forhdurs at 30°C. The corrosion rate (mmpy) and thbition
efficiency were calculated using the describedvetsze. Weight loss measurements were also perfoainearious
immersion time from 2 hours to 10 hours for thet lwegicentration of th&NL extract at 30°C. From the initial and
final weight of the specimen, the loss in weighswalculated and the efficiency of inhibitor atisas immersion
time was calculated.

Determination of surface coverage
The degree of surface coveragWas calculated from the weight loss measuremesnutits using the formula [15];

sV W

W

Surface coveragd) =

Where, W is the weight loss in the absence of YL extract, W is the weight loss in the presence of YhdL
extract. The data were tested graphically fonfitia suitable isotherm.

Gasometric method

This technique gives accurate results comparetiabdf conventional weight loss method provided, itthibitor
does not react with hydrogen and the hydrogen patit into the metal is small compared to theltatdume of
hydrogen gas. An improved design of the gasometrithod as described elsewhere [16]. The specimen wa
suspended from the hook of the glass stopper amsl imtaoduced into the cell containing 100 mL of the
experimental solution. The temperature was maiathioonstant throughout these experiments at 30 aan
constant atmospheric pressure. Volume measuremamts made for a period of two hours in all the sag@om

the volume of hydrogen gas liberated, the inhibigdficiency was calculated using the formula;

0¥ Vy
Inhibition efficiency (%) =———— 00
Vo

Where, \§ is the volume of hydrogen evolved in the abserfc¥ML extract and Yis the volume of hydrogen
evolved in the presence WNL extract.

581



A. Sirajunnisa et al J. Chem. Pharm. Res., 2014, 6(1):580-588

Electrochemical polarization studies

Electrochemical polarization measurements wereiezthrout using Electrochemical analyzer (BioLogicSF/
France) in a conventional three — electrode glasA platinum foil of surface area 2émwas used as the auxiliary
electrode and a saturated calomel electrode aztbeence electrode. Both anodic and cathodic jzalton curves
were recorded in the absence and presence of gaz@ncentrations of théNL extract from a cathodic potential of
—1900 mV to an anodic potential of — 1300 mV (vE}p&t a sweep rate of ImV per second. From theipateon
curves, Tafel slopes, corrosion potential and «oro current were calculated. The inhibitor effidg was
calculated using the formula [17];

Cl:)rr_ I*Corr
10 B —— x 100

Where, {or and I%,, are corrosion current in the absence and presgnddlL extract.

Electrochemical impedance studies

The electrochemical AC-impedance measurements werformed using Electro-chemical analyzer (BiolLegic
VSP, France) as described earlier. Experiments eemréed out at the open circuit potential for treguency range
of 100kHz to 1mHz.A plot of Z' vs Z" were made.ofn the plots, the charge transfer resistangg \(Rre
calculated and the double layer capacitangg (&re then calculated using the following equafibsi.

Cou=1/ 2R

Where, Ris charge transfer resistance angl {3 double layer capacitance. The experiments wanged out in the
absence and presence of various concentrationg\bf inhibitor. The percentage of inhibition efficieneyas
calculated using the equation [18];

RER;
[ R — x 100
R

Where, R and R are the charge transfer resistance in the presemtabsence of VNL extract.

Surface examination studies

The aluminium specimens were immersed in 1IN NaOlkhéabsence and presence of the best concentrtion
VNL extract for 2 hours at 3Q. After 2 hours, the specimens were taken ouéeddand kept in desiccators. The
protective film formed on the surface of aluminiwas confirmed by SEM studies with the magnificatiéri 000x.

RESULTS AND DISCUSSION

Weight loss method

The weight loss method was done with concentratidndNL extract ranging from 300 to 900ppm (Table 1).eRis
in concentration o¥/NL extract decreased the corrosion rate of alumiriubN NaOH solution and increased the
inhibition efficiency, increased from 51.0 % to 2% upto 900ppm.It indicates that 900ppm is thet bes
concentration to get maximum corrosion protection dluminium in 1IN NaOH usinyNL extract. The effect of
inhibition efficiency with various concentrationE\NL extract on aluminium in 1N NaOH is shown ifgHA.

The effect of immersion time from 2 hours to 10 fsowas also studied. The effect of immersion timgercentage
inhibition efficiency of aluminium in 1N NaOH at 30 in presence of an optimum concentration (900ppiviNL
extract is shown in Fig.2 (Table 2). It can benst®t the inhibition efficiency was found to inase from 51.0 %
to 72.6 %. Though 65.6 % inhibition efficiency walstained even at 10 hours of immersion time, theimam
inhibition efficiency was found at 2 hours. Henasing weight loss method, it was found tAAtIL extract acted as
corrosion inhibitor at the best concentration dd@0m for a period of 2 hours at 30°C.
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Table 1 Corrosion parameters obtained from weightdss measurements for aluminium in 1N NaOH solutionontaining various
concentrations of VNL extract

Conc. of VNL Extract | Weigh Loss | Corrosion Rate | Inhibition Efficiency | Surface Coverage
(ppm) (gm) (mmpy) (%) ()
Blank 0.242: 436.9: - -

300 0.1187 213.95 51.0 0.510
500 0.0926 166.91 61.8 0.618
700 0.0744 134.10 69.3 0.693
900 0.0664 119.68 72.6 0.726
8!:
804
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g -
70- —
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S 4
@’ 60+
554
50+
454
40 T T !
300 600 900 1200

Conc. of VNL Extract
Fig.1 Inhibition efficiency with various concentrations of VNL extract on aluminium in 1N NaOH at 30°C

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

Weight Loss (gm) 1E (%)
System Time (hrs Time (hrs)
2 4 6 8 1C 2 4 6 8 10
Blank 0.242¢ | 0.348- | 0.548. | 0.7267 | 0.856( - - - - -
900 ppm of VNL extract | 0.0664| 0.100] 0.172)l 0.23820.2945| 72.6] 71.26 68.6 672 656
10
—a&— Blank
—e— VNL Extract
08}
Sosf
12
§
g 04t
Q
2
02t
00 1 1 1 1 1
2 4 6 8 10
Time (h)

Fig.2 Effect of immersion time on percentage inhittion efficiency of aluminium in 1N NaOH at 30°C inpresence of the best
concentration (900ppm) of VNL extract

Gasometric method

In the gasometric method, the increase in concgmisaof VNL extract from 300 to 900ppm decreased the volume
of hydrogen gas evolved from 26.4 to 7.3 mL andckehe inhibition efficiency increased from 50.67@.2 % is
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shown in Table 3. Hence the besincentratiorof the VNL extract was found to beD@ppm. It could be observ
thatVNL extract has bettexbility to inhibit the corrosion of aluminium inkalline solutior

Table 3 Inhibition efficiency obtainedfrom gasometric measurements for aluminiunin 1N NaOH containing various concentrations o

VNL extract at 30°C

Conc. of VNL Extract | Volume of Hydrogen Gas evolved| Inhibition Efficiency
(% in viv) (mL) (%)
Blank 264 -
300 134 50.6
500 104 60.6
700 8.3 68.4
900 7.3 72.2

Electrochemical polarization method

The electrochemicagbolarization parameters for aluminiumthe absence and presencevarious concentrations
VNL extract in 1N NaOH is giveim Table 4 and their polarization curves are shawhig.3. It can be seen from
the table that the corrosion potential was nottetisignificantly in presence of the extract sugiggsthat VNL
extract control both anodic and cathodic reacttonshibit the corrosion of aluminium by blockingtave sites or
the aluminium surface [J90n the other hand, the corrosicurrent markedlylecreased upon addition of tVNL
extract. With the addition dhe bes concentration o¥/NL extract (®0ppm), the maximum inhibition efficiency
71.2 % was observed as in ghi loss method. Hence, it is inferred that thékition action is of mixed typ

Table 4 Electrochemicalpolarization parameters for aluminium in 1N NaOH sdution in the absence and presence wvarious
concentrations of VNL extract

Conc. of VNL extract Ecorr | corr (rTnag% eS ggzg) Inhibition Efficiency
(ppm) (Vvs SCE) | (mA/cm?) b b (%)
a C
Blank -1.584 4.46 182 318 ---
300 -1.580 2.221 172 | 294 50.2
500 -1.570 1.779 170 | 292 60.1
700 -1.560 1.436 168 | 288 67.8
900 -1.555 1.284 176 | 290 71.2
-1.5
-2.0 4
2.5
< 304
~
® .35
§ .
-
S 40
o
S 454
5.0 9
55
-6.0 T T T T T

-1.30 -1.40 -1.50 -1.60 -1.70 -1.80 -1.90

Potential / Vvs SCE

Fig. 3 Electrochemical polarization curves for aluminium n 1N NaOH solution in the absence and presence ainous concentrations of
VNL extract

AC- impedance measurements

Fig.4 shows the impedance diagrams for aluminium in 1NONain the absence and presencevarious
concentrations of/NL extract and their corresponding impedance parasedge givenin Table 5. It can be seen
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from the Nyquist plots that the curves are almestisircular appearance followed by an inductivepl@b the low
frequency region. The semi circular nature of thgNst plot is due to the charger — transfer precesainly
control the corrosion of aluminium in 1N NaOH sauat The low frequency inductive loop is due to giewth and
dissolution of the surface film [10,20]. In presermf VNL extract, the value of Rncreased and the value of; C
decreased. The decrease i showed that the adsorption of the inhibitor toddcp on the aluminium surface in
alkaline solution. The increase in the value pffeld to increase in the inhibition efficiency. Thgsdue to increase in
surface coverage by the adsorbed organic molepuésent in th&/NL extract. The maximum (Ralue of 15.84)
cn? and the minimum & value of 7.84pF/cfwas obtained at an optimum concentration of 900ppithe VNL
extract, which gave the maximum inhibition effioiggnof 71.5 %. This result has good agreement withresults
obtained from non-electrochemical methods.

Table 5 Impedance parameters for the corrosion oflaminium in 1N NaOH in the absence and presence wfrious concentrations of
VNL extract at 30C

Conc. Of VNL R Cal S - 0
Extract (ppm) | (@ cn?) | (uFiem?) Inhibition Efficiency (%)
Blank 4.52 108.36
300 9.12 20.26 50.4
500 11.44 15.20 60.5
700 14.22 12.22 68.2
900 15.84 7.84 715
16.0
12.0

8.0 1

-Z" [ Ohm

1
0 4.0 8.0 12.0 16.0 20.0
Z' /| Ohm

Fig. 4 Impedance diagrams for aluminium in 1N NaOHsolution in the absence and presence of various @entrations of VNL extract
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Fig.5 Effect of temperature on the corrosion inhibiion efficiency of aluminium in 1N NaOH in presenceof the best concentration
(900ppm) of VNL extract
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Effect of Temperatures

The effect of temperature in the range of@Qo 60C on the corrosion behaviour of aluminium in 1IN MO
solution in the absence and presence of the basentration of/NL extract was studied using weight loss method
as shown in Fig.5 and its results are summarizedlainle 6. It can be seen from the table that tlveeamse in
corrosion rate was more pronounced with the riséemperature for the uninhibited alkaline solutityan the
inhibited solution suggesting that the extract aldsd on the aluminium surface at all temperatunegdied. As the
temperature increased from°8)to 70C, the inhibition efficiency was found to slighttiecrease from 72.6 % to
64.6 %. This shows that the adsorption of the ekwa the aluminium may be due to physical adsonpti

Table 6 Corrosion of aluminium in the absence andnesence of the best concentration of VNL extract 3 ppm) in 1N NaOH at
different temperatures obtained by weight loss metbd

Temperature | Corrosion Rate S -
System Inhibition Efficiency (%
4 (°C) (mmpy) y (%)
30 436.92
40 447.46
Blank 50 45851
60 470.14
30 119.68 72.6
40 130.28 70.5
900 ppm of VNL extract] 50 144.08 67.8
60 159.75 64.6

Mechanism of corrosion inhibition

The Arrhenius plot for aluminium immersed in 1IN N&Golution in the absence and presence of the best
concentration (900 ppm) &NL extract as shown in Fig. 6. It showing a straiijieé according to the Arrehenius
equation and revealing the effect of temperatuhe dalculated values of activation energy) @d free energy of
adsorption £G°) are shown in Table 6. The activation energy&s found to be 1.87 KJ mbfor blank and
increased to 6.73 KJ mblin presence ofVNL extract in 1IN NaOH suggesting that the adsorbgdric matter
creates a physical barrier to charge and masdérangading to reduction in corrosion rate. Tighbr value of E

in presence of thgNL extract compared to that in the absence of tira&xs due to physical adsorption [10, 20].

Table 7 Calculated values of activation energy @Eand free energy of adsorption4G®) in the absence and presence of the best
concentration (900 ppm) ofVNL extract

E. (KJ/mol) AG° (KJ/mol)
System Temperature (°C) Temperature (°C)
30-40 | 40-50| 50-6Q 30 40 50 60
Blank 1.87 2.0t | 2.2t - - - -
900 ppm of VNL extract]  6.73 8.52 9.21 -12.85 -12]9913.07| -13.08
B Blank
28F| e VNL Extract
26}
o
024}
[=2)
o
-
22} \\‘
20}F
1 1 1 1
3.0 31 3.2 33
UT (x10° K™Y

Fig. 6 Arrhenius plots for aluminium immersed in 1INNaOH solution in the absence and presence of thedt concentration ( 900ppm) of
VNL extract

586



A. Sirajunnisa et al J. Chem. Pharm. Res., 2014, 6(1):580-588

The negative sign of free energy of adsorptiondatdis that the adsorption 8L extract on aluminium surface is a
spontaneous process. In this study, Al values are in the range of -12.85 KJ Trtol -13.08 KJ mot. As the
values of free energy of adsorption are less tBarkJ mol', where the mode of inhibition is due to physisiompt
[21]. The corrosion of aluminium in NaOH solutios & heterogonous one, composed of anodic and dathod
reactions. Based on this, the kinetic analyseshefdata studied for a period of 2 hours immersiore twere
considered. The major constituent present in thé ¥iract is the flavonoides [22]. These compoundsorbed on
the aluminium surface made a barrier for charge rmads transfers leading to a decrease in the atinaof
aluminium with the corrosive environment. As a teghe corrosion rate of aluminium decreased. fiinmation of
film layer prevented the corrosion of aluminium.eThse of adsorption isotherm provides useful irtsagtio the
corrosion inhibition mechanism. The adsorption affieus concentrations of VNL extract on the surfade
aluminium in 1N NaOH solution followed Langmuir adgtion isotherm (Fig. 7).

1600

1400 -
1200 -

1000

600 -

400-

200 v T v T v T v T v
200 400 600 800 1000 1200
C(ppm)

Fig.7 Langmuir adsorption isotherm plot for the ad®rption of various concentrations of VNL extract onthe surface of aluminium in 1N
NaOH solution

Surface Analysis

Surface examination of the aluminium specimens made using scanning electron microscope (SEM) thi¢h
magnification of 1000x is shown in Fig.8 (a & b)hé SEM studies showed that the inhibited alumingurface
was found smother than the uninhibited surfacetduge formation of protective film on the inhikit@luminium
surface.

Fig.8 (a) SEM Photograph of aluminium immersed in N NaOH solution (blank)
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Fig. 8(b) SEM Photograph of aluminium immersed inLN NaOH solution containing the best concentratiof900ppm) of VNL extract
CONCLUSION

The following conclusions are drawn from the absttalies;

The Vitex negundo leaves YNL) extract perform well in 1N NaOH solution and ibhithe corrosion of aluminium
at the best concentration of 900ppm. WML extract control both anodic and cathodic reactiopdlocking the
active sites of aluminium surface and thus thehbitbi of mixed type. The/NL extract inhibit the corrosion of
aluminium in 1IN NaOH solution by strong adsorptifrits chemical constituents on the aluminium scefabeys
Langmuir adsorption isotherm. The scanning electmoroscope studies showed that the inhibited aliumi
surface was found smother than the inhibited serfdge to the formation of protective film on théibited
aluminium surface.

REFERENCES

[1] Mohammed A.Amin, Sayed .S.Abd EI-Rehim,Omar A.H&zZorros.Sci., 2009 51, 658.

[2] N.Subramanyan and V.KaplCorros. Sci., 1971, 11, 55.

[3] B.A.Shenoi, N.Subramanyan, P.C.Joreph,V.Kapli 8hBalasubramanyames & Ind., 1972 17, 52-53.
[4] H.Al SehaibaniMat.-wiss Werkstoff Tech., 200Q 31,1060

[5] OlugegunK.Abiola, J.O.E.Otaigbe, O.J.K@orros. Sci.,2009 51, 1899.

[6] S.A. Umoren and |.B.Oba#nti-Corrosion Methods and Materials, 2006 53, 277.

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

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

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

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

[11] A.M.Abdel-Gabel, E.Khamis, Sh.Ade&ater. Chem. Phys., 200§ 109, 297.

[12] Ambrish Singh, M.A.Quraishintl. J. Electrochem. &ci., 2012, 7, 3409.

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

[14] S.S Shivakumar, K.N.mohana and D.G.Gurudztiem.Sci.Trans., 2013,2, 302.
[15]G.E.Badr,Corrosion Science, 2009,51, 2529.

[16]V.Suresh Kumar, B.R.Venkatraman, A.SubramaRés, J . Chem. i, 2012,2, 87.
[17]A.Subramania, R.Sathiya Priya, K.Saminathan, Mugalidharan,J. Applied Electrochem., 2004 34, 693.
[18] A.Subramania, R.Sathiya priya, K.Saminathan, T.dasean Bull. Electrochem., 2004 20, 13.
[19]Ehteram A.Noor, J. Appl. Electrocher2Q09 39, 1465.

[20]K.Lakshmi Prabha, S.Rajam, B.R.Venkatramhmer Chemica Snica, 2012 3, 114.

[21]M. Shyamala, A.Arulananthamature Environment and Pollution Tech., 20087, 415

[22]B. Sathiamoorthy, Prasoon Gupta, Manmeet KumarpRdti Chaturvedi, P.K.Shukla and Rakesh Maurya,
K.O.Orubite and N.C. Oforka]. Appl. Sc. Environ.Mgt., 2004 8, 57.

588



