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ABSTRACT

The leaf extracts of centella asiatica(CE) was tested as green corrosioninhibitor for mild steel in 0.5 M H,SO, by
using gravimetric, polarization and electrochemical impedance spectroscopy (EIS) measurements. The data
obtained from all the three methods are in good agreement with each other. Results indicate that |eaf extracts of CE
is a good green corrosion inhibitor for mild steel corrosion in 0.5 M H,S0, solution. The inhibition efficiency was
found to increase with increase in CE extracts concentration. A maximum inhibition efficiency of 95.08% was
observed for 1200 ppm at 303K. Polarization measurements showed that the CE extracts acts as mixed type of
inhibitor.Temperature studies revealed a decrease in inhibition efficiency with increase in temperature which
suggests physisrption mechanism. The adsorption characteristics of CEextracts of on mild steel surface obeys
Langmuir isotherm. Both kinetic and thermodynamics adsorption parameters were calculated and discussed,and
SEM was used to analyse the surface adsorbed film.
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INTRODUCTION

Mild steel is extensively used in many industriastsas automobiles, pipes and chemical industreswever, the
metal corrodes when it comes in contact with acidtions during process called acid cleaning oklpig [1, 2].
Sulphuric acid is widely used as a pickling acid ifon and its alloys to remove undesirable coongproducts.
These problems can be resolved by introducing gpjate inhibitor to the medium.Organic compoundstaming
nitrogen and sulphur are usually employed as cmmowmhibitors for iron and steel in acidic solut® due their
rapid action [3-10]. Extracts of naturally occugiproducts contain mixtures of compounds havinggexy sulphur
and nitrogen are eco-friendly, cheap, renewablesnudogically anticorrosion substances [11, 12]. Ehecessful
uses of naturally occurring substances to inhi#tdorrosion of metals in various environments Haeaen reported
by several researchers [13-23].

Centella asiatica belongs to the family, apiac@&e. herb is known as Brahmi in unani medicine, Mark@parani

in ayurvedia and is valued in Indian system of roedi for improving memory,nervine disorder and sttiseases
[24]. It is reported to contain triterpene acidsas, terminolic, centic, centillic, centoic acjdplkaloids
(hydrocotylin), volatile fatty oils (glycerides gfalmitic, stearic, lignoceric, oleic, linoleic aricholenic acids),
glycosides (asiaticoside A, asiaticoside B, madsaside, centellic acid)and flavonoids (3-glucosglaetin, 3-
glucosylkaempferol and 7-glucosylkaempferol) [29-BéweverCE has not beenexploited as corrosion inhibitor
for mild steel in sulphuric acid medium. In view it$ phytochemical investigation, the present papporting for
the first time the inhibitive performance @E extract as an eco-friendly corrosion inhibitor fmild steel in
sulphuric acid medium by using gravimetric, polatisn and electrochemical impedance spectroscop$) (E
methods.

3097
Pelagia Research Library



K. N. Mohanaet al Adv. Appl. Sci. Res., 2012, 3(5):3097-3106

MATERIALS AND METHODS

1.1. Materials

Corrosion tests were performed on mild steel hatlegfollowing composition (in wt %) 0.016 P, 0.33R 0.01 Al,

0.062 Cr, 0.05 Mn, 0.09 C, 0.05 Sand the remaiirder Prior to gravimetric and electrochemical mgaments,
the surface of the specimens was polished underirgriap water using SiC emery paper (grade 220;60®Ged

with distilled water, dried on a clean tissue pappamersed in benzene for 5 s, dried and immenseatétone for 5
s, and dried with clean tissue paper. Finally,9pecimens were kept in desiccators until use. Atetind of the test,
the specimens were carefully washed with acetodébanzene, dried, and then weighed.

FreshCentella asiatica leaves were collected in and around Mysore citglid, cleaned with water and then dried in
an oven at 78C and ground to powder. The 10 g of the powder $amps refluxed in 250 mL ethyl alcohol for 5
h. The refluxed solution was filtered and the fidt liquor was evaporated to 100 mL dark greendeesiand
extracted with separating funnel. The solution wasporated and the dark green solid residue olotadfier
complete drying was preserved in a desiccator. Téd®due so obtained was used in preparing different
concentrations of the extracts in 0.5 M3, solution.

2.2. GravimetricMeasurements

Pre-weighed mild steel coupons with a dimensio 8f2 x 0.3 cm were immersed in 200 ml 0.5 MsB,with and
without the addition of different concentrationsQ# extracts in an aerated condition. After 6 h of iension, the
specimens were taken out, washed, dried and weigbedrately. Experiments were carried out in tcge. The
average weight loss of the three parallel specinassobtained. Relative weight losses of the cosipeogre used to
calculate the percent inhibition efficiency?4). Then the tests were repeated with differenteatrations ofCE at
varying temperatures.

From the weight loss, the corrosion rate (mgfdi), inhibition efficiency § %), and surface coverag® of plant
extracts was calculated using the formula,

Cr =" 1)

St

n 9% = S x 100 )
R/a

Where AW is the weight loss (mg), tis the immersion tinm, (S is the surface area of the specimen inf)cm
(Cr)sand (&), are corrosion rate in the absence and preserCE ektract respectively.

2.3. Electrochemical Measurements

Polarization and Electrochemical impedance spemtims (EIS) experiments were carried out using a 660D
electrochemical workstation. A conventional thréeeztrode cell consisting of a saturated calomeknesice
electrode, a platinum auxiliary electrode and therking electrode with lcfmexposed areas were used. The
specimens were pre-treated similarly as done ingia@imetric measurements. The electrochemicak tegtre
performed using variouSE extracts concentrations ranging from 0 to 1200 @pr80°C using a thermostatically
controlled water bath (Weiber, India) under aatatendition. Potentiodynamic polarization measunethavere
performed in the potential range from -900 to +50@ with a scan rate of 0.4 mVs

Inhibition efficiency can be calculated from theatochemical measurements by the following eqnatio

770/0 — (Icor()IaC;S:tJr)p % 100 (3)

where (Lo)a and (Lo)pare the corrosion current density in the absendepa@sence of inhibitor, respectively. The
corrosion potential (&,) and corrosion current density.) were calculated by extrapolation of anodic arith@dic
Tafel slopes.

The electrochemical AC-impedance measurements \ase performed using a CHI660D electrochemical
workstation. Experiments were carried out in a @utional three-electrode cell assembly as that used
potentiodynamic polarization studies. A sine wavthvamplitude of 10mV was superimposed on the stexmbn
circuit potential. The real parZg) and the imaginary parZ{,) were measured at various frequencies in the rahge
100 KHz to 10MHz. The experiments were carriedindhe absence and presence of different concenisabdf the
inhibitor. The percentage of inhibition efficienasas calculated using following equation:
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(Re)a—(Ret)p
0fy — < ~ +7P X
n % (Reda 100 4)

where (Ry.and (Rypare the charge transfer resistance in theabseucgrasence of inhibitol

2.4. Scanning Electron Mcroscopy

The SEM analysis was performed using a -5800 electron microscope with the working volta@@kV and the
working distance 24 mm. In SEM macrographs, thecispens were exposed to the 0.5 M sulphuric acithée
absence and presence of inhibitors u optimum conditions after a desired period of imrimrsThe SEM image
were taken for polished mild steel specimen andispen immersed in solution without and with inhig.

RESULTS AND DISCUSSION

1.2. Effect of Temperature

To assess the effect tdmperature on corrosion and corrosion inhibitisacpss, gravimetric experiments wi

performal at different temperatures (- 60 °C) in the absence and presence of various comtems of the
inhibitor during 6 h of immersion. The results gireen in Table 1.

Table 1: Cg and n% obtained from weight loss measurementof mild steel in 0.5 M HSO, containing various concentrations oiCE
extract at different temperatures

Temperature
C 30°C 40°C 50°C 60°C
P mg Sr?izh'l 1% mg Sr?izh'l % mg Sr?izh'l % mg Sr?izh'l %
0 1.991 - 4.158 - 7.713 - 15.403 -

200 0.311 84.38 0.961 78.73 2.192 71.58 6.621) 57.01
400 0.251 87.39 0.822 81.81 2.011 73.93 6.312) 59.02
600 0.209 89.50 0.741 83.60 1.905 75.30 5.532 64.08
800 0.159 92.01 0.571 87.36 1.693 78.05 4.949 67.87
1000 0.098 95.08 0.442 90.27 1.365 82.30 4.843 68.56
1200 0.061 96.94 0.333 92.63 1.143 85.18 4.655| 69.78

From the Table 1,it is cledhat, theCgincreases with increasing the temperature in thsemte of the inhibito
However, this increase seems slightly in presefiteecCEextracts (Fig.1).

Cy (mg en? ey

%, ~
b S =5

T 323K
= ug ;

1200 . 313K

303K

T
Fig. 1. Variation of Cr of mild steel as a function of temperature and carentration of CEextracts.

The relationship between the corrosion reCg) of mild steel and temperature (T) can be expredse the
Arrhenius equation,

*

Cr = kexp (— ﬂ) (5)

RT
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whereE,* is the activation energy, k is the -exponential constant, R is the universal gas cohstad T is the
absolute temperature. Using E§),(and from aplot of the logCversus 1/T (Fig. R the values oE;* and k at
various concentrations &E extrats were computed from slopes and intercepts, respdgtand the values a
given in Table 2.

Table 2: Activation parameters formild steelin 0.5 M H,SO; in the absence and presence ofdifferent concentratis of CE extract

C =N AH AH=E;*-RT AS
ppm | kJ mol* | kJ mot* kImol* | J mol'K*

0 56.01 53.37 53.16 -62.90
200 84.04 81.37 81.16 -44.39
400 88.83 86.18 85.98 -44.17
600 90.63 88.00 87.78 -43.67
800 96.12 93.47 93.27 -42.48
100C | 106.84 104.20 103.99 -42.19
120C | 117.83 115.20 114.98 -41.06

The activation energy increasgih increase in the concentrat of the inhibitor. Generally, the inhibitive addiés
cause a rise in activation energy value when coethén the blank solution. The change of the valokethe
apparent activation energies may due tothe modification of the mechanism of the corrn process in the
presence ofdsorbed inhibitor molecules [] and could be often interpreted as an indicafor the formation of an
adsorbed film on metal surfac29,3(.

4

* Blank = 200 ppm
2 - A 400 ppm 600 ppm
—— = 800 ppm @ 1000 ppm
2 B __"""-——-_________ 1200 ppm

In CR (mg e i)
o

-3

4
0.00295 0.003 0.00305 0.0031 0.00315 0.0032 0.00325 0.0033 0.00335

/T (K'Y

Fig. 2. Arrhenius plots for mild steel immersed if0.5 M H,SO, solution in the absence and presence of differenbocentration of CE
extracts.

The values of enthalpy and entropy of activation ba calculated from the alternative fc of Arrhenius equation
as follows:

RT ASE —AH;,
CR=—exp(R)exp ( ) (6)

RT

where h is Planksonstant, N is Avogadro’s numbeAS,” is the entropy of activatiorAH, is the enthalpy of
activation. Plots of logQz/ T) versus 1/ T gave straight lines (F3) with a slope of -AH, / 2.303R and an
intercept of [log (R/Nh) S, / 2.303R] from which the values AH, andAS, were calculated and are listed
Table 2. TheAH, values obtained from the slope of E6) and those values calculated from the equaAH, =
E. - RT arein good agreement with each ott

The positive values afH, both in the absence and presence of inhibitoreeflee endothermic nature mild steel
dissolution process[31]The negative values cAS, obtained indicate that the activated complexthe rate
determining step represents an association rdtherdissociation, means that decrease in the disofdhe syster
due to the adsorption of inhibitor molecule on e metal surfac [32].This revealghe formation of an ordere
stable layer of inhibitor on the steel surface .
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1 A ¢ Blank 200 ppm
400 ppm > 600 ppm
2 {2800 ppm 1000 ppm
1200 ppm

In Cp/T (mg emr? hrl K1)

-9 T T T T T T
0.00298 0.00303 0.00308 0.00313 0.00318 0.00323 0.00328

T (K

Fig. 3. Alternative Arrhenius plots for mild steel immersedin 0.5 M H,SO, solution in the absence and presence of differe
concentration of CE extracts.

1.3. Adsorption Isotherm
The interaction between the inhibitors and steefase can be provided by the adsorption isothermtririg
corrosion inhibition of mild steelthe nature of inhibitor on the corroding surfdwes been deduced in terms

adsorption behaviour of inhibitors.

Many attempts were made to find the best isothehichvdescribes this study. Langmuir adsorpisotherm was
found to be the best degation for adsorptiorCE extract on mild steel. According to this isothe 0 is related to
the inhibitor concentratior;, and adsorption equilibrium constiK 4, via:

C 1
6 = Kods +c (7)
The plot ofC/6 versusCgave a straight line (Fig. 4) with a slope closendy confirming that the adsorption CE
extracts on mild steel surface in sulphuric aciéysbthe Langmuir adsorption isotherm. Accordind-émgmuir
adsorption isotherm theris no interaction between the adsorbed inhilitolecules, and the energy of adsorptio
independent on the degree of surface coverf). Langmuir isotherm assumes that the solid surfaur@ains ¢
fixed number of adsorption sites and each site pies one adsorbed species.

Table 3: Thermodynamicparameters for adsorptionof CE leaves extract on mild steel in 0.5 M kSO, solutions at different
temperatures from Langmuir adsorption isotherm

Temperature| Kads AGags AHags ASuds _
(pK) R | (L mol) | (kI mol) | (ki molt) | (3 moft k) | 4G=AHzesT4Suws
303 0.99¢ | 18.02 -17.40 -17.41
313 0.99¢ | 14.20 -17.36 -19.24 -6.04 -17.3¢
323 0.99¢ 11.36 -17.31 -19.26 -6.10 -17.2¢
333 0.99¢ 9.03 -17.21 -17.2¢

2val ues obtained from Eq. (10) Pvalues obtained from Eq. (11)

The equilibrium adsorption constant,yds related to the standard Gibb’s free energy ebgation AG,q9 with the
following equation:

1 ~AGags
Kags = EGXP [ RTd ] 8

Where 55.5 is the concentration of water in sohufimol L), R is the universal gas constant T is the absolute
temperature. The enthalpy and entropy of adsorj(AH.gs andAS,y) can be calculated using the equations (9)
(10).

1 AGads
InK, 4, = In (ﬁ) — Hass (9)
InK g = In—L — AHads | ASads (10)

55.5 RT R
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Using Eqg. (10), the values aH,4s andAS,4 were evaluated from the slope and intercept optbeof InK s versus
1/T (Fig. 5). The values @Gy, AHo4s andAS,ys are listed in Table 3.

2.000

1.800 -

4303K [E313K
323K 333K

1.600 -
1.400 -
1.200 -
1.000 -
0.800 -

C/0 (g/L)

0.600 -
0.400 -

0.200 -

0.000 . . .
0 0.2 0.4 0.6 0.8 1 12 1.4
C(gL)

Fig. 4Langmuir adsorption isotherm plot for the adsorption of various concentrations oiCE extractsonthe surface of mild steel in 0.5 N
H,SO; solution.

2.5

In Ka(lx

2 T T T T
0.0029 0.003 0.0031 0.0032 0.0033 0.0034

1T (K'Y
Fig. 5.Plot of InK,gs versus 1/T.
The negative values of standard free energy ofratlea 41G,4s confirm the sporineity of adsorption proces34,
35] and stability of the adsorbed layer on the sseeface Itis seen that the calculatel@,q values, is ranging from

about -17.21 to -17.40 kJ milindicating that the adsorption mechanism ofCE extracton mild steel surface in
0.5 M H,SQ, solution agphysisorptiol [36].

The values ofAH,4s andA S, can also be calculated by using following equat

AGgqs = AHgqs — TASqys (11)

Using Eq. (11),the plot okG,ys Versus T gives a straight line with a slope- ASys and intercept 0AH.4. The
values obtained are correlated with those obtdfireed Eq. 10).

3102
Pelagia Research Library



K. N. Mohanaet al Adv. Appl. Sci. Res., 2012, 3(5):3097-3106

-17.2

17.25 - -

-17.3 - //
_17'35 . /

-17.4

AG (kJ mI)

-17.45 T
300 305 310 315 320 325 230 335

T (K)

Fig. 6.Plot of AG,4s Versus absolute temperature.

The negative values afH,4s mean that the dissolution proc is an exothermic phenomenc37]. The exothermic
process is attributed to either physical or chehadgorptiol or mixture of both [38]where endothermic process
corresponds to chemisorption [3% an exothermic process, physisorption is digtished from chemisorption t
considering the absolute valueAHi,. For physisorption process,the valuetbf.is lower than 4(kJ mol* while
the heat of adsorption fmhemisorption procesis approaches to 100 kJ mtp40]. In the present study, the heat of
adsorption is -19.24 kJmbpostulates that physisorption is more favoured. Thegative values cAS,y implies
that the activated complex in the rate determirstep represents an association rather than a difisocstep
meaning that a decrease in disordering takes pla going from reactant® the activated comple41].

3.3. Polarization Study
Potentiodynamic polarization curves obtained foidrateel in 0.5M sulphuric acid at various concatitns ofCE

extracts ranging from 200 ppm 1200ppn are shown inFig.. can be observed that the additiorCE extracts at
all the studied concentrations decreased the amodicathodic current densities and resulted inifsignt decline
in the L, This indicates thaCE extract: shifted to smaller), values in both anodic and cathodic branches o
curves, thus, acting as a mixggbe inhibitor [42] and the decrease is more pronounced with the isergathe
inhibitor concentration.By comparing polarization curves in the absence andhe presere of various
concentrations ofCE extracts it is observed that, increase in concentratiorthef inhibitor shift the corrosia
potential (Eoy) in the positive direction and reduces both anadid cathodic proce [43].

=1.0 <
=1.5 4
-2.0 4

-2.5

Blank
200 ppm
-3.0 400 ppm
800 ppm
800 ppm
1000 ppm
1200 ppm

log i(mA cm'z)

-3.5

-4.0

-4.5 T T T T
-0.8 -0.7 -0.6 -0.5 -0.4 -0.3 -0.2

E vs. SCE (mV)

Fig. 7. Potentiodynamic polarization curves for mild steein 0.5 M H,SO; solution in the absence and presence of differenbocentration
of CE extracts at 30 °C.
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Tabled:Eqy, | cor Re@ndy% obtained from polarization and impedance measurerants for mild steel in 0.5 M HSO, containing various
concentrations ofCEextract at 30°C

EIS Polarization

¢ Ret E |
PPM | ) cn 1% mc{)/r mAc?:rm'2 1%

0 34.3 - -549 3.954 -
200 185 81.46) -487 0.781 80.25
400 310 88.94| -481 0.509 87.13
600 425 91.93 -474 0.365| 90.77
800 550 93.76] -471 0.235 94.06

1000 590 94.19 -46§ 0.217 94.51
1200 695 95.06 -47( 0.152 96.16

3.4.Electrochemical Impedance Study

The effect of the inhibitors concentration on tipedance behaviour of mild steel in 0.5 SEysolution has been
studied and the results are given in Fi§.h& impedance spectra show a single semicircleaarttie concentration

of inhibitor increases diameter of the semicirclereasedt is evi
corrosion of mild steel in 0.5 M 430, at all the concentrati
increasing concentration at 30 °C, and the maximmn of

ident from the results th@E extracts inhibited the
ons used, and ##8& increased continuously with
95.06was observed at 1200 ppm @E leaves

extracts(Table 4). The results indicate thatRyesignificantly increases with increase in conceidraof inhibitor

andCy tends to decreases. This decreasgginmay probably due to decrease in local dielectniestant and/or an
increase in the thickness of a protective layeelattrode surface which enhances the corrosiostaesie of the
mild steel [44]. The increase R values is attributed to the formation of proteetifilm at the metal-solution
interface [45-46]. These observations suggest @fateaves extracts function by adsorption at the hmigace

thereby causing decreaseQy values and increase Iy, values.

-300
—m— Blank
—®—200ppm
o —A
-250 - 400ppm
/A/A ‘\\‘\ —a&—600ppm
-~ A ‘\ 800ppm
AL e e a - 1000ppm
-200 4 A///q" - My — A 1200ppm
-
'y /‘ ‘--‘ \A
. A . A
= S A, - a
S _150 o at o N X
= / T T - v
- ALY S
=} o - "-.\ \A
E 5 o “» - 5
%, |
~" _100 4 33“ - & A\
¢ - N 'S
; Sevve, A \ A
ol s -~ - i
50 & - B “ 5
2 ‘\ A < S
£ - FY
2 -t
i 3 3
3 2
T , T T T = T T T T
100 200 300 400 500 600 700 800

Z _(Ohm cm?)

Fig. 8. Electrochemical impedance diagrams for mildteel in 0.5 M HSO; solution in the absence and presence of differenbncentration

of CE extracts at 30 °C.
3.5. Scanning Electron Microscopy

The protective layer that formed on the metal sigfavas characterized by SEM analysis. Morphologfesnild
steel in the absence and presence of optimum ctatien of CE extracts at 38Care shown in Figs. 9a -9c. It can
be seen from Fig. 9athat the mild steel samplesrbéfnmersion seem smooth. Inspection of Fig. 9baks that the
mild steel surface after immersion in uninhibite® 01 sulphuric acid for 6 h shows an aggressivacatiof the
sulphuric acid on the steel surface. The corropimaucts appear very uneven and lepidoteral-likepimmlogy, and
the surface layer is rather rough. In contrasthepresence of 1200 ppBE extract (Fig. 9c) there is an adsorbed
film on mild steel surface exposed to 0.5 M sulphiacid solution containin@E extract, which do not exist in the
Fig. 9b. In accordance, it might be concluded thatadsorption film can efficiently inhibit the cosion of steel.
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Fig. 9. SEM images of Mild steel in 0.5M kB0, after 6 h immersion at 30C (a) before immersion (polished) (b) without inHbitor
(blank) (c) with 1200 ppmCE extracts.
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CONCLUSION

» CE extracts is a good inhibitor for the mild steetrogion in 0.5 M HSQ, solution showing 97% inhibition
efficiency at 1200 ppm concentration. The resulidaimed from three different techniques viz., gmaefric,
polarization and EIS were in good agreement witthezther.
» Tafel polarization curves show that t6E extracts acted as mixed-type inhibitor.
» Electrochemical impedance measurements indicas#attnrosion inhibition occurred by adsorption @ss
» The adsorption ofCE extracts at mild steel-acid solution interface yauk the Langmuir adsorption isotherm
model.

REFERENCES

[1] H. Ashassi-Sorkhabi, Z. Ghasemi, B. Seifzadgipl. Surf. <., 2005 29, 408.

[2] M. Abdallah,Corros. <ci., 2004 46, 1981.

[3] S.S. Shivakumar, K.N. Mohanknt. J. Electrochem. Sci., 201271,620.

[4] K.N. Mohana, S.S. Shivakumal, Korean. Chem. Soc.,2011, 55, 364

[5] S.A. Abd El-MaksoudAppl. Surf. Sci., 2003206, 129.

[6] H.H. Hassan, E. Abdelghani, M.A. AminBlectrochim.Acta., 200752, 6359.

[7] S. Kertit. B. HammoutiAppl. Surf. &ci., 1996161, 59.

[8] G.K. GommaMater. Chem. Phys.,199855, 241.

[9] A.Chetouani, B. Hammouti, T. Benhadda, M. Daipégpl. Surf. Sci., 2005249, 375.

[10] K.F. Khaled ,Mater. Chem. Phys., 2008112, 290.

[11] G. Gunasekaran, L.R. Chauhé&tectrochimica. Acta., 2004 49, 4387.

[12] M.A. Quraishi,D.K. Yadav, “Corrosion and itertrol’ by some green Inhibitors’,” iRroceedings of the 14th
National Congress on Corrosion Control, 2008

[13] P. Bothi Raja, M.G. Sethuramaviater. Lett.,2008 62,113.

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

[15] J. R. Vimala, A. Leema Rose, S. Rdj&r. Chemica. Snica.,2012 3, 582.

[16] N.B. Iroha, O. Akaranta, A.O Jam&er. Chemica. Snica., 2012 3, 995.

[17] M. Lebrini, F. Robert, C. Roo#t. J. Electrochem. Sci., 2011, 6, 847.

[18] L. Vrsalovic, M. Kliskic, S. Gudiclnt. J. Electrochem. <ci.,20094, 1568.

[19] M. Lebrini, F. Robert, P.A. Blandinieres, Co®s,Int. J. Electrochem. Sci.,2011,6, 2443.
[20] A. Lecante, F. Robert, P.A. Blandinieres, ©oR Curr. Appl. Phys.,2011, 11, 714.

[21] R. Kanojia, G. Singhsurf. Eng.,2005 21, 180.

[22] A.M. Badiea and K.N. Mohand: Mater. Eng. Perform., 2009 18, 1264.

[23] A.Ehteram, Noorlnt. J. Electrochem. <ci., 2007,2, 996.

[24] S.S. Jamil, Q. Nizaami, M. Salaiat. Prod. Rad., 2007, 6, 158.

[25] B, Singh, R.P. Rastogi, A reinvestigation lo triterpenes of centellaasitidhytochemistry.,1969 8, 917.
[26] R.P. Rastogi, B. Sarkar, M.L. Dhangd. Res. Sect. B.,196Q 19, 52.

[27]T. Datt, U.P. Basu]. ci. Ind. Res. Sect. B., 1962 21,239.

[28]0. Riggs, I.R. Hurd, M. Rayzorrosion.,1967 23, 252.

[29] M. Schorr, J. YahalnCorros. ci., 1972 12.

[30] N.P. Clark, E. Jakson, M. Robinsdsr, Corros. J.,1979 14, 33.

[31]N.M. Guan, L. Xueming, L. FeMater. Chem. Phys., 2004 86, 59.

[32]A.Abd-EI-Nabey, E. Khamis, M. Ramadan, A. Elr@y, Corrosion., 1996, 52, 671.

[33] A.Yurt, A. Balaban, S.U. Kandemir, G. BerekBt,Erk, Mater. Chem. Phys.,2004 85, 420.
[34]M.A.Migahed,Mater. Chem. Phy., 2005 93, 48.

[35] J.Cruz, R.Martinez, J.Genesca, E.G.Ocldagectroan. Chem., 2004 111, 566.

[36] E. Machnikova, K.H. Whitmire, N. Hackerma gctrochim.Acta.,2008 53, 6024.

[37] G.K. Gomma, M.H. Wahdamater .Chem. Phys., 1995 39, 209.

[38] F. Bentiss, M. Lebrini, M. Lagrené€prros. <ci., 2005 47, 2915.

[39]S.F. Mertens, C. Xhoffer, B.C. Decooman, E. Tie@enmanCorrosion., 1997, 53, 381.
[40]A. Zarrouk, A. Dafali, B. Hammouti, H. Zarrol§. Boukhris, M. Zertoubilnt. J. Electrochem. Soc., 20105,
46.

[41]R. Arshadi, M. Lashgari, A. Parsafédater. Chem. Phys., 2004 86, 311.

[42]B.J. Gao, X. Zhang, Y.L. Shenglater. Chem. Phys., 2008 108, 375.

[43]S.S. Abd El Rehim, S. Refaey, F. Taha, M.BeSaR.A. Ahmed,). Appl. Electrochem.,2001, 31, 429.
[44]A. Yurt, G. Bereket, A. Kivrak, A. Balban, B.rE J. Appl. Electrochem.,2005 35, 1025.
[45]M. Lebrini, M. Traisnel, M. Lagrenee, B. Mermgdf. BentissCorros. ci.,2008 50, 473.
[46] E. McCafferty, N. Hackerman, S. Ts@igrrosion., 1982 38, 57.

[47] F. Bentiss, M. Traisnel, M. Lagrenégorros. Sci., 2000 42, 127.

3106
Pelagia Research Library



