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ABSTRACT

The inhibition of the corrosion of mild steel in hydrochloric acid solution by the leaves Extract of Melia Azedarach
(MA)has been studied using weight loss, electrochemical impedance spectroscopy and Potentiodynamic polarization
techniques. Inhibition was found to increase with increasing concentration of the extract. Results indicate that
MeliaAzedarach leaves Extract was an efficient natural corrosion inhibitor in the acidic solution. Polarization
measurements showed that the studied inhibitor acts as mixed inhibitor in 1IN HCI acid with significant reduction of
cathodic and anodic current densities. The electrochemical impedance study further confirmed the formation of an
adsorbed film on the mild steel. The SEM morphology of the absorbed protective film on the mild steel surface has
confirmed the high performance of inhibitive effect of the plant extract.

Keywords: mild steel, EIS, SEM, Polarisation.

INTRODUCTION

The study of mild steel corrosion is theoretical gractical importance [1]. Mild steel is commoniged in
industries because of cost-effective and easy dation, but it is prone to undergo corrosion in raggive
environmental conditions. Usually, sulphuric aami daydrochloric acid are used in acid pickling, riieal cleaning
to eliminate detrimental rust and scale in severdustries. One of the significant methods of dealwith this
problem is the usage of corrosion inhibitor in #ygressive media [2]. Severe corrosion attack asviknto occur on
metals in such aggressive environments. Aqueougtien$ of acids are among the most corrosive metia
inhibition of corrosion on iron base alloys by angaadditives has been studied widely [3-6]. A ddesable work
has been done on the study of organic compoundgression inhibitors [7-8]. Most acid corrosion ibitors are N,
O, and S containing organic compounds [10-11]. Bafprtunately most of them are highly toxic to bbdiuman
being and environment. Most of the synthetic orgaasdimpounds showed good anticorrosive activity,ciwhare
highly toxic to cause severe hazards to both hubging and the environment during its applicatio®][1Hence
the use of natural products which are eco-frierdligt are being used as corrosion inhibitors hasrheateed of the
time. Now the development of corrosion inhibitor raftural source and nontoxic type has been corsiderore
important and desirable [13-22]. Plant extractstaim mixtures of proteins, polysaccharides, palgoaylic acids,
tannin, alkaloids, and terpinoids and so forth [23pme investigators studied the plant extract #wedderived
organic species become more important as an emuentally benign, easily available and acceptablecsofor a
wide range of inhibitor [24-25]. A large numberrebearch studies have been devoted to the inkglperformance
of natural corrosion inhibitors on the corrosiomuaétals in various aggressive solutions showingttiese extracts
could act as potential corrosion inhibitors [26-4Phe present study aims at broadening the apicatf plant
extracts for mild steel corrosion inhibition by &stigating the inhibitive properties of MA extrdor mild steel

corrosion in 1IN HCI using weight loss method, ptitatynamic polarization and electrochemical impes#an
spectroscopy technique.
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MATERIALS AND METHODS

2.1 Preparation of Leaves Extract

The leaves of medicinal plants MA collects wereetaland cut into small pieces, and they were shedd th room
temperature for few days and ground well into pawéeom this, 25g of sample was refluxed in 200stiled
water for 3 hour and kept overnight. The refluxeaswhen filtered carefully, the filtrate volume waade up to in
500ml using double distilled water which was thecktsolution, and the concentration of the stodiitgmn was
expressed in terms of ppm.

From the stock solution, 05 - 25 ppm concentratibthe extract was prepared using 1N hydrochlocid.aSimilar
kind of preparation has been reported in studiggyumjueous plant extract in the recent years.

2.2 Preparation of Mild Steel Specimen

Mild steel strips containing the composition of @@®30%, Mn-0.169%, Si-0.015%, P-0.031%, S-0.029%, C
0.029%, Ni-0.030%, Mb-0.016%, Cu-0.017%), and #mainder Fe, were mechanically cut into 4cm x 2cBhbcm
and were used for weight loss studies. The mettisgen were ground successively with (400, 600, 8000,
1200 grade) grit silicon carbide paper (emery pafsdiowed to achieve mirror finish surface. Foearochemical
studies, the mild steel strips of the same comjposhut with an exposed area of Tcmere used, subsequently
degreased with acetone and finally washed withrdeéal water, and stored in the desiccators. Aceunatight of
the samples was taken using four digit electroalamce model (Shimadzu aay220).

METHODS

3.1 Weight Loss Methods

Mild steel specimens were immersed in 200ml ofH®I solution containing various concentration of thhibitor
in the absence and presence of mild steel for 2¢shd@he weights of the specimens before and afterersion
were determined using four digit model.

From the mass loss measurements, the corrosiowastealculated using the following relationship.

CR( = K x Weight loss 1
MmPY) = pyaxt (in hours)

Where, K = 8.76x19(constant), D is density in gm/érv.86), W is weight loss in grams and A is arear.

The inhibition efficiency (%) was calculated usieguation (2) respectively,

1% = 0~ Wiyi00 2
0 — WO

Where, W and Ware the weight loss in the absence and presertbe afhibitor.

3.2 Fourier Transform Infrared (FTIR) Spectrum
FTIR spectra were recorded with BRUKER ALPHA 840}f2ctrometer. The film was carefully removed, mixed
thoroughly with KBr made into pellets and FTIR sjpaavere recorded.

3.3 Potentiodynamic Polarization Method

Potentiodynamic polarization measurements wereiechrout using CHI608D electrochemical work station
analyzer. The polarization measurements were useddluate the corrosion current, corrosion poatiatnd Tafel
slopes. The experiments were carried out in conwealt three electrode cell assembly with workingcélode as
mild steel specimen of 1 émPlatinum electrode was used as counter elecmodecalomel electrode was used as
reference electrode. A time interval of 10-15 masutvas given for each experiment to attain theysstigte open
circuit potential (OCP). The polarization was cadriout from cathodic potential to anodic poterdiah sweep rate
of 1 mV per second. From the polarization curvesfel slopes, corrosion potential and corrosiorrantr were
calculated. The inhibitor efficiency was calculatesing the formula:

ICorr

— 1*
Lorr CoTT %100 3

Corr

IE% =

Where |, and 1%, are corrosion current in the absence and pres#ringibitors.
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3.4 Electrochemical | mpedance Method

The electrochemical AC-impedance measurements \adse carried out using CHI6608E electrochemical
workstation analyzer. Experiments were carried iouthree cells assembly as that used for potentiadyc
polarization studies. A sine wave with amplitudem¥@ on the steady state open circuit potential. fida part (z°)
and the imaginary part (z”) were measured at vevifvrequencies in the range of 100 kHz to 10 MAzplot of z’
versus z” was made. From the plot the charge teanssistance (| was calculated and double layer capacitance
(Cq) was calculated using formula:

Cd| = 1/27TfmaXRCt 4

Where R, is charge transfer resistance angi€double layer capacitance. The experiments wenged out in the
absence and presence of different concentratiarhdfitor.

R, — R?
IE% = “R—“xwo 5

ct

Where R, and R, are the charge resistance values in the inhilitetuninhibited solution respectively.

3.5 Scanning Electron Microscopy

The mild steel specimen immersed in blank and énithibitor solution for a period of one day wamowed, rinsed
with double distilled water, dried and observed anscanning electron microscope to examine the rfa
morphology. The surface morphology measurementsildf steel were examined using (JEOL) computer redlied
scanning electron microscope.

3.6 Phytochemical Screening

Phytochemical screening was carried out on thénliygsrepared aqueoudeliaAzedarachleaves extract according
to the common Phytochemical method described earlibe different chemical constituent tested ineldid
alkaloids, terpenoids, sterals, triterpenes, anjilireones and flavonoids.

3.7. Effect of immersion time

The prepared mild steel coupons were immersed @hmlOof the test solution without and with the MAteact of
various concentrations for 1h, 3 h, 5 h, 7 h anth &2 room temperature. The weight of the coup@fiere and after
immersion was determined. Inhibition efficiencytbé mild steel was calculated.

3.8. Effect of temperature

The polished and pre — weighed specimens were sdedein 100 ml of the test solution without andhaibe
addition of various concentration of the MA extréat 1h in the temperature range of 303 — 323K gisiater
thermostats. The specimens were removed from gtesddution after 1 h and washed with distilled evatiried and
weighed. The inhibition efficiency was calculatedrfi the weight loss.

RESULTS AND DISCUSSION

4.1 FT-IR spectrum of MA

FT-IR spectrum was recorded for MA leaves extraabrider to confirm the presence of various compesumhich
contributed in effective working of the inhibitas shown in Figure. 1. The broad peak obtained &2 29" can be
assigned to N-H or O-H stretching. Another peakaistetd at 3289 cthmay be strong C-H stretching vibration.
Adsorption peak obtained at 2134tmay be due to stretching of =C- band. The peaks observed at 1651' cm
may be C=0 bending vibration. Few peaks can alsemid at 1411 ch 1374 cril, 1073 crit, which correspond
to C=C and C-O stretching vibration. On the basithe result it can be said that MA extract emiNitrogen and
Oxygen (N-H, C=N, C-N, O-H, C=0, C-0) in variousttional group and aromatic ring , which make thiract
attractive for being used as inhibitor.
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Figure. 1 FT-IR spectrum of Melia Azedarach leavegxtract

4.2 Weight Loss Method

The weight loss method was done with concentratigridA extract ranging from 5 to 25 ppm for mildest in 1N
HCI with various concentrations and the correspogdialues of inhibition efficiency and corrosioneare given
in Table. 1. It was observed from the table that¢brrosion rate was decreased and thus the iidmil@fficiency
was increased with increasing concentration of Md&aet. The maximum inhibition efficiency of abo@1.92%
was achieved at 20 ppm of MA extract. This resuttidated that MA extract could act as an excel@rtosion
inhibitor.

Table. 1 Data from Weight Loss Method for MS corrodng in 1N HCI solutions at various concentrations bMA extract

Conc. Efxmﬁ: tli))(:)rr?st(ppm) Corrosion Rate (mmpy) | Inhibition Efficiency (%)
Blank 0.0174 *
5 0.0016 63.33
10 0.0081 53.33
15 0.0058 66.67
20 0.0017 91.92
25 0.0034 80.01

4.3 Potentiodynamic polarization Studies

Potentiodynamic anodic and cathodic polarizatieansavere carried out in 1N HCI with different conications of
MA extract. The potentiodynamic polarization curfes mild steel in 1N HCI with and without inhibitdextract)

are shown in Figure. 2. It is evident from the Fegthat the anodic and cathodic curves for mil@lstehibited with
extract were shifted towards positive potentialisagcompared to the blank metal immersed in 1N HCle
corrosion parameters such as corrosion potentigl)(&nd corrosion current density.)), obtained from Tafel
plots are given in Table. 2. From the Table. 25 dbserved that the.}values are found to decrease with increase in
the inhibitor concentrations, ranging from 5 to&sn.

Polarization study has been used to detect theafttwm of protective film on the metal surface. Tdtéft in the
values of corrosion potential {E) for MA extract is not significant. This obsenati clearly showed that the
inhibition of mild steel in the presence of theragt control both cathodic and anodic reactions t#mg the
inhibitor acts like mixed type inhibitors. The cosion rates calculated for the mild steel specimeitis different
concentrations of the inhibitor are also given able. 2. As can be seen, the mild steel with 20 ppntentration
of the inhibitor showed excellent resistance thamemnvcompared to other concentrations of the irdvibiEor
instance, the corrosion rate for mild steel with@tibitor (blank) was found to be 1.3913 mmpy ahdvas
minimized by inhibitor with different concentratierike 5, 10, 15, 20 and 25 ppm to lower value)®&R287,
0.6501, 0.4643, 0.1393 and 0.2786 mmpy, respeygtiféie inhibition efficiency values in the TablesBowed that
the MA extract acted as very effective corrosidmbiftor for mild steel in HCI solution and its cagiiy of inhibition
increased with increasing concentration.
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Figure. 2 Potentiodynamic polarization curves for nid steel in 1N HCI solution in the absence and peence of different concentrations

However, the maximum inhibition efficiency of 90%1was achieved at 20ppm. From these findings, it is

of MA leaves extract

concluded that 20ppm is an optimum concentratiorthef inhibitor where the rate of corrosion is foutodbe

maximum.

Table. 2 Potentiodynamic polarization parameter formild steel in 1N HCI solution containing various oncentrations of MA leaves

extract
Ecorr ) CR bc ba | E(%)
Conc. of MA(PPM) | vy vs.(sci) | ' (MACT) | mpy) | (mvidec) | (mvidec)
0 -472 6.486 1.3913 208 168 *
5 477 1.642 0.9287 176 129 74.68
10 -461 0.899 0.6501] 166 86 86.13
15 -482 1.235 0.4643 160 138 80.95
20 -475 0.589 0.1393 143 94 90.91
25 472 1.145 0.2786 168 111 82.34
4.4 Electrochemical Impedance spectroscopy (EIS) 8ties
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Figure. 3Nyquist plots of mild steel immersed in 1NHCI in absence and presence of different concentians of MA leaves extract

The corrosion behavior of mild steel in 1IN HCI dano of the MA was investigated by the Electrocheahi
Impedance spectroscopy (EIS) techniques, provitrimation about the kinetics of the electrode psses and
simultaneously about the surface properties oktlstems. The shape of impedance gives mechamsieriation.
Nyquist plots of mild steel in uninhibited and ibhed acid solution containing various concentraiof MA
extract are presented in Figure. 3. It is followeam Figure. 3 that the impedance of the inhibitedd steel
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increases with increase in the inhibitor conceimratand consequently the inhibition efficiency ieased. The
presence of a single semi - circle in the blank fandlifferent concentrations of the inhibitor ssts corresponds to
the single charge transfer mechanism during diisolwf mild steel, which is unaltered by the prese of inhibitor
components.

The impedance parameters derived from EIS measutsrfer mild steel in 1N HCI with and without inlitibrs are
given in Table. 3. The charge transfer resistaRggvélue calculated for blank mild steel exhibited 0 Qcn? and
the double layer capacitancey{Qvas 2.487x16uF/cm? Addition of the MA plant extract increaseg\@lue
indicating reductionof surface in homogeneity du¢hie adsorption of plant extract molecules.

The higher R value obtained for higher inhibitor concentratisunggests that a protective film is formed on the
surface of the metal. The decreased in thev&@lues results from a decrease in local dielecticstant and/or an
increase in the thickness of the double layer, esiggl that inhibitor molecules inhibit the mildedteorrosion by
adsorption at the metal/acid interface. Furthee, dldsorption may also due to the electronegatiterfieatoms
present in the organic constituents of the extattthe electropositive metal surface. All the electiemical
parameters clearly proposed that the corrosiorrabdépends on the concentration of the inhibitor.

Table. 3 The electrochemical parameters (EIS) for itd steel corrosion rate in 1N HCI solution in diferent concentrations of MA leaves
extract

Conc. Of MA extract(ppm) | Cq (UF cm? | by(mV/dec) | h.(mV/dec) | Ret @ cnd) | IE (%)
0 2.487x10 208 168 4.170 *
5 2.013x10¢ 176 129 14.626 71.48
10 7.708x1d 166 86 24.659 83.08
15 1.035x10° 160 138 20.701 79.85
20 3.013x1d 143 94 38.772 89.24
25 9.334 x10 168 111 21.523 80.62,

4.5 Bode Plot
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Figure. 4 Bode plots of mild steel immersed in 1N @l in absence and presence of different concentratins of MA leaves extract

Bode plots of mild steel in uninhibited and inhdaltacid solution containing various concentratiohMA extract

are presented in Figure. 4. It is apparent thatrhe steel specimens with MA extract showed insgeen maximal
phase angle value, which indicated a inhibitionpgnty on the surface mild steel. The linear portbserved in the
low frequency region indicated that the diffusicmogess controlled the metal dissolution rate atstivéace of mild
steel.

4.6 Scanning Electron Microscopy (SEM)

In order to evaluate the surface morphology ofdbmposite surface in contact with hydrochloric asidution, a
superficial analysis was carried out of the mileestspecimens with and without inhibitor in 1N H&amined by
Scanning Electron Microscopy. SEM images for thé&dmteel specimens exposed to 1N HCI in the absande
presence of MA extract are shown in Figure. 5(A By)dFrom SEM images, It can be concluded that Maves
extract inhibited mild steel dissolution in acid bgvering the surface area with protective film ethhas found
absent in case of acid interaction with mild stesdamination of Figure. 5A revealed that the specinmmersed in
1N HCI was rough and highly damaged due to theclattd aggressive acids. Figure. 5B clearly showed the
mild steel surface was covered with the protedéyer formed by inhibitor which prevents the mdtaim further
attack of acid medium thus inhibiting corrosion.
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Figure. 5 SEM image of the surface of mild steel &g immersion for 24 hrs in 1N HCI solution. (A) inthe absence of inhibitor (B) in the
presence of 20 ppm MA leaves extract

4.7 Phytochemical Screening

Phytochemical screening of the aerial parts of fdapowder (aqueous) extract was tested in ordéina the
presence of various chemical constituent include#@alaids, Carbohydrates, Reducing sugars, Flavanoid
Glycosides, Saponins, Triterpenoids& Steroids, Trand Phenolic Compounds the results are list8dble. 4.

Table. 4 Phytochemical screening of leaves extraot MA

o

Phytochemical Test Aqueous extract of MA
Alkaloids +
Carbohydrates +
Reducing Sugars +
Flavanoids -
Glycosides -
Saponins +
Triterpenoids& Steroids -
Tannins & Phenolic Compounds -

+ isPresent - is absent

4. 8. Effect of immersion time
The variation of inhibition efficiency for differérconcentration of plant extract of MA was listedthe Table 5.
Maximum inhibition efficiency for 1IN HCI was fountb be 98.22% at 24 h with 25 ppm concentrationhef t

inhibitor respectively. This behaviour may be attited to the increase of the surface coveragedgtiract, which
retards the corrosion of mild steel.

Table 5. Inhibition efficiency as a various immergn time

Conc. IE (%)

(ppm) 1h 3h 5h 7h 24h
5 56.27| 56.15 70.14 73.00 74.30
10 58.89| 62.39 78.22 7836 79.12
15 69.12| 7297 83.14 83.75 87.53
20 7456| 80.16 84.65 84.07 96.12
25 78.12| 82.10 86.28 86.18 98.22

4.9. Effect of temperature

The effect of temperature on the corrosion inhilnitproperties of MA leaves extract was studiedekgyosing the
mild steel to 1 N HCI containing 5, 10, 15, 20, g&pof the leaves extract in the temperature rafi08-323K.
The data in Table. 6, indicate that the leavesaekis effective as inhibitor for mild steel in H\CI upto 303K and
increase thereafter. The inhibition showed a maximofi64.18 % at 303K for MA leaves extract in INIHC
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Table 6. |E at various Temperature

Concentration of inhibitor (ppm) IE (%)
303K | 313K | 323K
5 40.10| 34.90] 22.0¢
10 4450 37.57 37.09
15 52.90| 50.62 49.8f
20 55.26] 57.89 55.66
25 64.18| 58.61 56.12

4. 10. Adsorption isotherms

The results of weight loss study (Table 6) showeat tthe percentage of IE increases with increaséhén
concentration of inhibitor. This suggests that ¢berosion inhibitive activity is mainly due to adption of various
components of plant species on to the MS surfaasicplarly adsorption of the basic constituenks lalkaloids,
flavonoids, polyphenols, hydrolysis products oftpis, amine compounds which are present in thet gatract
may be the reason for anticorrosion activity of #malyzed plant species. In the caséViéf (Leaves) increase of
temperature increases the IE but in most of thescas the temperature increases the IE decreaseggests that
the inhibition occurred through chemisorption ofyfitonstituents on the Mild steel surface. The ease of
temperature decreases the hydrogen evolution okageothat leads to the spurt in the cathodic reacOn the
other hand increase of temperature accelerateshimisorption of the inhibitor on the metal surfadéhen the
latter effect is predominant the final result is ianrease of the inhibiting effect, which was olveer in most
investigated plants.

Weight loss data are quite useful in determiningilditor adsorption characteristics. Such data gplied in
construction of adsorption isotherms which giveadetl information on adsorption mechanism. Well Wno
isotherm Temkin isotherm was tested for all thedgbr Temkin isotherm, surface covera@ewas plotted against
Ln C (Fig. 6). A straight line was obtained for #ile plants indicating that the green inhibitorfofe Temkin
isotherms.
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Figure.6 Temkin adsorption isotherm plot for mild steel in 1N HCI containing different concentrationof the extract

5. Mechanism of inhibition

The probable mechanism of inhibition can be exjgdion the basis of adsorption process and thetsteuof the
constituents present in the MA extracts. Inhibfiamctions by adsorption or hydrogen bonding to ietal. This
depends on the chemical composition and structutfeeanhibitor, the nature of metal surface, amel properties of
the medium. Structural and electronic parametdues flunctional group, steric and electronic effectay also be
responsible for inhibition efficiency of any inhibr that was the adsorption mechanism. The commbhage to
block the active corrosion sites on the metal s@fand hence the adsorption occurs by the bondirnlgeofree

electron of inhibitor with the metal. The MA exttagnay constitute organic compounds containindp@g pair of
electron present on a hetro atom (eg. N, S, P,iippi(—bonds (iii) triple bonds (eg. Cyano groupmd (iv)

heterocyclic compounds such as pyridine ring, ggrrimidazole etc. Phytochemical analysis of MArtaextract
showed the presence of alkaloids, flavonoids, sagptannins, glycosides and steroids. These comgopossess’
hetro atoms such as — O and — N which strengthain ddsorptive property over mild steel surfacee Tithibiting
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efficiency of these molecules may be attributethtr adsorption through the —NH, C=0, OH, COOH gtoups
and also may be due to presence of pi electrottgeimings. These organic molecules get physisodoethe metal
surface forming a protective film and hence thé amorrosive behaviour.

CONCLUSION

The results obtained show that MA leaves extraat@®od corrosion inhibitor for mild steel undeidéz condition.
The maximum inhibition efficiency was 90.91 %. Goagreement between the inhibition efficiencies waled
using different techniques was obtained. The adisorpf the green inhibitor onto the mild steel fase was
characterized by the decrease in (i) the cathodd @nodic current densities observed in the patdptiamic
polarization curves carried out in the presenc#éfleaves extract, (ii) the polarization resistanicehe solution
containing the inhibitor, (iii) the double capitencomputed from electrochemical impedance spedaipysc
experiments. It was also found that inhibitor watkes a mixed type inhibitor retarding both anodid @athodic
reactions. Surface images of the mild steel surféearly showed that MA leaves extract inhibitedrosion of mild
steel by getting adsorbed on the metal surface.
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