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ABSTRACT

The inhibitory effect of aqueous extract of leaves of Holoptelea Integrifolia (HI) plant on the corrosion of mild steel
in AN HCl was investigated by using traditional weight loss method and electrochemical method. Organic moieties
present in the extract are found responsible for effective performance of the inhibitor which was well supported by
FTIR studies. Potentiodynamic polarization curves revealed that the inhibitor act as a mixed type inhibitor and the
inhibition efficiency of up to 98.45 % can be obtained. The SEM morphology of the adsorbed protective film on the
mild steel surface has confirmed the high performance of inhibitive effect of the plant extract. Temperature studies
revealed that the the inhibition efficiency decrease with increasing temperature which suggests that it follows
physisorption mechanism. Surface coverage values were tested graphically for suitable adsorption.
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INTRODUCTION

Corrosion is the deterioration of metal by chemiatthck or reaction with its environment. It is @nstant and
continuous problem, often difficult to eliminatempletely. Prevention would be more practical ardie@ble than
complete elimination. Corrosion can be controllgdshitable modification of the environment whichtimn retards
or completely stop the anodic and cathodic reastimmboth. This is achieved by the use of inhibjicb]. Hence
corrosion inhibition in acidic media becomes a ssitg. The role of an inhibitor is to form a barrigf one or
several molecular layer against acid attack. Thiggetive action is often associated with chemarad/or physical
adsorption involving in the change of the adsorbelstance and transfer of change from one phatetother.
Sulphur and /or nitrogen containing heterocyclimpounds with various substituents are considerdzb teffective
corrosion inhibitor. These inhibitors have also rfduuseful application in the formulation of primend anti-
corrosive coating. Organic compounds have widebnbteied as the corrosion inhibitor for metals afidys. The
corrosion inhibition of mild steel in acidic mediathe presence of various organic and inorganiopmmunds has
been reported [6-8]. Many synthetic compounds dffeyd anticorrosive action; but most of them aghlyi toxic to
both human beings and environment. In recent yealesyt extracts and oils have become important ms a
environmentally acceptable, readily available aedewable source of material for wide range of o
prevention. Attention has been focused on the s@mmoinhibiting properties of plant extracts be@ptant extracts
serve as incredibly rich source of natural chemémhpounds that are environmentally acceptablepigesive,
readily available and renewable sources of mateaiatl can be extracted by simple procedures [9-10].

Many plant extracts such as Madhuga longifolia ¢8umar P R 2015), have been studied for the camosi
inhibition of mild steel in acidic media. The gunxtract of Raphia hookeri (Umoren, 2009) have akserbanalysed
for corrosion inhibition properties. The preserga@&rch work aims at establishing the effectivenéssjueous plant
extract as corrosion inhibitor in 1N HCI media @piweight loss measurement at various time and teatyre,
electrochemical techniques. The influence of temjpee on adsorption and inhibition efficiency hagib studied.
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MATERIALS AND METHODS

2.1Preparation of mild steel specimen

Mild steel strips (C- 0.030 %, Mn- 0.169 %, Si- T60%, P- 0.031 %, S - 0.029 %, Cr- 0.029 %, Ni30.96, Mb-
0.016 %, Cu- 0.017 % and the remainder Fe) of déioend cm x 2 cm x 0.1cm were polished to a mifigish
with the emery sheet of various grade and degreagbdcetone.

2.2Preparation of the plant extract

The leaves of the medicinal plants HI were dried ground well into fingpowder. 10 g of sample was refluxed in
150 ml distilled water and kept overnight. The amgesolution was filtered and volume was made upO@ ml
using double distilled water. This extract was uaembrrosion inhibitor in the present study.

2.3 Weight loss method

The polished mild steel specimens with uniform sizge tied with threads and immersed in 200 mldekition in
the absence and presence of various concentrdtithre onhibitor for 24 hours. The mild steel speems after 24
hours were washed, dried and the weight loss waslaged.

K x Weight Loss
DxAxt(in hours)

CR (mmpy) = 2)
Where, K = 8.76 x 10(constant), D is density in gm/ér{7.86), W is weight loss in grams and A is areari.
The inhibition efficiency (%) was calculated usieguation (3)

IE % = WV"V;:Vixwo 3)

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

2.4Potentiodynamic polarization methods

Potentiodynamic polarization measurements weraechaut using CHI660E electrochemical analyzer. deipent
were carried out in a conventional three electroelk assembly with mild steel specimen of fam working
electrode, a rectangular Pt foil as counter eleetrand the standard calomel electrode as refemdactode. The
polarization was carried from a cathodic poteragfal800 mV (vs SCE) to an anodic potential of -200 (vs SCE)
at a sweep rate of 1 mV per second.

IE 9 = -Cerriort y 10 (4)

Corr

Where, Lo and ke, are corrosion current in the absence and pres#ringibitors.

2.5 Electrochemical impedance method

The instrument used for polarization study was usegcord AC impedance spectra also. The celligevas also
the same. The real part (Z’) and the imaginary (&) were made as plot. Then, thg Ralues are calculated using
the following expression:

1
Cdl = meacht (5)

Where R is charge transfer resistance, angdi€double layer capacitance.

Ry — RO
IE% = % x 100 6)

ct

Where, R and R, are the charge transfer resistance values imtiibiied and uninhibited solution.

2.6 Scanning electron microscopy (SEM)

The mild steel specimen immersed in blank and éninhibitor solution for a period of one day wamowed, rinsed
with double distilled water, dried and observed anscanning electron microscope to examine the mrfa
morphology.
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3.1 Weight loss method

RESULTS AND DISCUSSION

The weight loss studies were done in 1N hydrocbladid in the absence and presence of various ntatien of
the plant extracts ranging from 5 to 20 ppm. Theazion parameters obtained in the weight loss atetre given
in Table 1. It was observed from the tathlat the increase in concentration of HI leavea®tton the corrosion rate
of mild steel in 1N HCI solution was decreased #radinhibition efficiency increased to 86.59% atplin.

Table 1. Percentage of inhibition efficiency (IE %)and corrosion rate (CR) at different concentrationof inhibitor in 1N HCI medium

Conc. of HI leaves Extract| Weight loss | Corrosion rate | Inhibition Efficiency
(ppm) (9) (mmpy) (%)
Blank 0.0470 206.47 *
05 0.0118 026.41 74.89
10 0.0103 022.57 78.08
15 0.006 020.00 86.59
20 0.0084 027.77 81.48

3.2 FTIR Measurement

FTIR spectra of the HI leaves extract is shown iig. B. It was observed from the figure that theodut peak
obtained at 3395.18cm-1 can be assigned to N-H-Brsretching. C-H stretching was observed at 228.8m-1.
Other strong peak obtained at 1880.83 cm-1 correspm C=0 (may be aldehyde or ketone). Strong pebfaned
at 1632.46cm-1 and 1629.09cm-1 were due to C=C=i stretching or N-H bending vibration. Absorptioand at
1414.03cm-1 can be assigned to C-H bending in OH3-8l bending vibration. Peaks observed at 13804
1228.34crit and 1102.27citwas due to C-N and  C-O stretching vibrationw Reeak peaks can also observed at
1228 34t which curtespona th*c-R-Siretening vordlon* i aroimaic ring:
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Fig. LETIR Snentra.of Heleptelea Integrifalia leaxes Fxfracts.

3.3 Potentiodynamic polarization methods

The electrochemical parameter like corrosion pée(E,,,), corrosion current density (), cathodic Tafel slopes
(be), anodic Tafel slope gpand percentage of inhibition efficiency (IE%) foild steel in the absence and presence
of various concentrations of HI extract in 1N HE€Igiven in Table 2 and their polarization curves sivown in Fig.

2. It is noted from the table that the additiorgogen inhibitor decreases the dissolution rateitef steel in 1N HCI
acid media.

Table 2. Electrochemical parameters from polarizabn measurement and calculated values of inhibitiosfficiency

Conc. of Hl leaves extract Ecorn | core/ LPR IE
(ppm) (mV/ SCE) | (majcm?) | Pe(MV/dec) | u(mVidec.) | o eme | (op)
Blank -0.471 4.706x10 209 153 8.2 *

5 -0.468 1.067x10 160 115 27.3 77.33

10 -0.475 7.255x10 165 90 35.0 98.44

15 -0.476 3.273x10 131 100 76.4 93.04

20 -0.465 6.079x10 146 96 40.0 87.08
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The corrosion current density values decreasediaenably for green inhibitor in the acid media. owever, the
shift in the values of corrosion potential.{E} for HI leaves extract is not significant (31).iFlobservation clearly
showed that the inhibition of mild steel in the ggBce of the extract control both cathodic and mneéctions and
thus the inhibitor acts like mixed type inhibitors.
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Fig 2. Potentiodynamic polarization (Tafel) curvegor mild steel in 1N HCI solution in the absence ahpresence of different
concentration of Holoptelea | ntegrifolia extracts of leaves

3.4 Electrochemical impedance methods

The Nyquist plots for mild steel in 1N HCI with @fent concentration of HI leaves extract are showhig.3 and
EIS parameters derived from these investigatiopsgaren in Table 3. It was observed from Fig. & ¢btained
impedance diagrams were almost in a semi-circydgearance, indicating that the charge transfergaoenainly
controls the corrosion of mild steel.
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Fig 3. Nyquist plots for mild steel in 1N HCI acidsolution without and with presence of different conentration of Holoptelea I ntegrifolia
leaves extract

Values of double layer capacitance were also brodgtvn to the maximum extent in the presence obitdr and
the decrease in values of, @llows the orders similar to that obtainggl,lin this study. The decrease i €hows
that the adsorption of this inhibitor takes plaoeghe metal surface in acidic solution [33-37].

Table 3. Impedance parameter for mild steel in 1 NHCI acid solution in the absence and presence of ied concentration of inhibitor

Conc. Hl leaves Extract (ppm) | R:(ohm cnf) [ Ca (uF/cm® [ IE (%)
Blank 8.937 7.266x10-3 *

5 22.713 1.002x10-3 60.65

10 24.901 6.870x10-4 64.10

15 65.854 9.830x10-5 86.42

20 31.568 4.460x10-4 71.68
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3.5Phytochemical screening method

Phytochemical screening of the aerial parts of fdapowder (aqueous) extract was tested in ordéina the
presence of various chemical constituent includiédl@ids, carbohydrates, proteins, saponins, pé@apids and
tannins [32] and the results are listed in Table 4.

Table 4. Phytochemical screening test for extractfdloloptelea Integrifolia

Phytochemical test| Aqueous extract
Alkaloids +
Xanthopretins +
Diterpenes -
Saponins +
Phytosterols -
Tannins +
Flavanoids +
Phenol +
Steroids +
Quionones -

(+) Presence (-) Absence

3.6 Scanning Electron Microscopy (SEM)

Surface analysis of metals using Scanning eleatnamoscopy image has become an essential toolutty ghe
surface morphology of corroded and uncorroded métal confirm interaction of the inhibitor with theetal
surface, SEM images were recorded for the mild sggecimens exposed to 1N HCI in the absence asgkpce of
optimum concentration of extract are shown in Big.and 4b. Examination of Fig. 4a revealed thatsgheximen
immersed in 1 N HCI was rough and highly damagesl tduthe attack of aggressive acids. Fig. 4b ledmowed
that the smooth mild steel surface was covered thi¢hprotective layer formed by inhibitor, whichepents the
metal from further attack of acid medium thus iritiily corrosion [38-44].

Fig 4. SEM image of the surface of mild steel aftémmersion for 24 hours in 1N HCI solution in the &sence (4a) and in the presence (4b)
of optimum concentration of the HI plant Leaves extacts

3.7Effect of immersion time

The variation of inhibition efficiency for differérconcentration of leaves extract of HI was lisiedhe Table 5.
Maximum inhibition efficiency for 1N Hydrochloriccédd was found to be 92.73 % with 15 ppm concertratif the
inhibitor at 24 h.

Table 5. Inhibition efficiency at various immersiam times

Conc. of HI leaves extract 1E (%)
(ppm) 1h 3h 5h 7h 24h
5 66.37| 60.15 70.34 80.1p 83.70
10 78.89| 62.39 76.72 83.36 83.72
15 88.92| 72.97] 8214 89.76 92.13
20 82.56| 70.16f 58.1%5 65.00 68.82

3.8Effect of temperature

To assess the effect of temperature on corrosiancanrosion inhibition process, thermostat expentaevere
performed at different temperature (303-343K) i@ éiibsence and presence of various concentratithve afhibitor
during 3 hours of immersion. The results are givenhable 6.
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Table 6. IE at various temperatures

Conc. of HI leaves extract 1IE (%)
(ppm) 303K | 313K | 323K | 333K| 343K
5 75.64| 72.62] 52.75 50.17 43.1
10 84.51| 79.39 54.14 5515 52
15 89.56| 81.500 60.12 60.07 57.1
20 91.02| 90.48 72.18 6417 62.4

3.9Adsorption isotherm

As organic compound in the inhibitors protect thetahagainst corrosion by their adsorption ontoatstrface, the
adsorption behaviour of inhibitor is an importaatrtpof study. The phenomenon of interaction betwidenmetal

surface and inhibitor can be better understoodrim tof adsorption isotherm. The plovs Ln C gave a straight line
indicating that the inhibitor under the study ob&gsnkin adsorption isotherm. This may also infeattthere is a

molecular interaction among the adsorption paxieled metal surface.
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Fig 5. Temkin adsorption isotherm plot for mild steel in 1N HCI containing different concentration ofthe extract

3.10Mechanism of inhibition

ago O

Stigmasterol

Friedlin
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Betulinic acid

B-amyrin Holoptelin-A

Figure 6. Phytoconstituents isolate from HI plants

The probable mechanism of inhibition can be exgdion the basis of adsorption process and thetsteuof the
constituents present in the HI extracts. The maimmstituent of HI leaves extract is  ( Holopteli, Friedlin, B-
amyrin, betulin, betulinic acid) [45-51] whoseuwstture are given Fig. 6 having multiple bond thidowehich they
get adsorbed on the metal surface. This dependieoghemical composition and structure of the inbib the
nature of metal surface, and the properties ofrtedium. Structural and electronic parameters likefional group,
steric and electronic effects may also be resp@n$il inhibition efficiency of any inhibitor thatas the adsorption
mechanism. The compounds have to block the actwesion sites on the metal surface and hencedkerption
occurs by the bonding of the free electron of iitbibwith the metal. The HI extracts may also cadnos
heterocyclic compounds such as imidazole, pyrrg@gridine ring saponins, tannins, alkaloids, flavioiso
glycosides and steroids etc. These compounds @ohséxro atoms such as Oxygen and Nitrogen whiehgthen
their adsorptive property over mild steel surfathese organic molecules get physisorbed on thelrsstéace
forming a protective film and hence the anti — osive behaviour [52-59].

CONCLUSION

The results obtained showed that HI leaves extsaigood corrosion inhibitor for mild steel undeidic condition.
The maximum inhibition efficiency was found to b& 45 %. It was also found that the inhibitor worleeda mixed
type inhibitor retarding both anodic and cathodiaations. Surface images of the mild steel surtéealy showed
that HI leaves extract inhibited corrosion of mskgel by getting adsorbed on the metal surface.atiserption fits
well to the Temkin adsorption isotherm. The ressaltggest that HI leaves is a corrosion inhibitarrfold steel in
HCI and they can be used to replace toxic and nomutadable inhibitors.
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