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ABSTRACT

Tuls was evaluated as corrosion inhibitor of steel in molar hydrochloric acid in sea water using weight |oss
measurements, electrochemical polarization and EIS methods. The tulsi (eugenol) was found to retard the corrosion
rate of steel. Tulsi 10g / 100mL(8mL / 100 mL) gives 90% inhibition efficiency. The surface morphology of the
protective film on the metal surface was characterized by using Scanning Electron Microscopy (SEM) and atomic
force microscopy (AFM),
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INTRODUCTION

Iron is a widely used metal with extensive indudtepplication, metals and their alloys are expdsettie action of
acid in industrial processes where acids play igmbrroles such as in oil well, acidizing, acid kfileg, acid
cleaning and acid desealing. Corrosion inhibitdr8] are usually added to the acid solutions toimize metal loss
and reduce acid consumption. However some of tkhes®sion inhibitors are toxic to the environmeft B].
Considerable efforts are deployed to find suitalmiepounds to be used as corrosion inhibitors ifouarcorrosive
media to stop or delay to the maximum the attack afetal. Nevertheless, the known hazard effectheimnost
synthetic inhibitors and the need to develop emvitentally friendly processes, researches are fdcosehe use of
natural productsinvestigation of natural inhibitors is particularigteresting because they are non — expensive,
ecologically friendly acceptable and possess neathto the environment. Electrochemical studiesficanthe
formation of a protective film on the metal surfdog spirulina solution, this offers 90% corrosiarhibition
efficiency[4] Recently aqueous extract of Cocos nucifera - Cocétaim — Petiole [5]. Fennel (Foeniculum
Vulgare) Essential Oil [6]. Pericarp of the Fruft@arcinia Mangostana [7]. Natural Fenugreek [Bthanol extract
of Vernonia Amygdalina[9] and Ipomoea involcratad]lhave been used as corrosion inhibitors.Gingdy, [1
Eugenol and acethyleugenol [12] have been fouritkteery efficient corrosion inhibitors for iron astkel in acid
media.

The encouraging results obtained by Inhibitory @feof Ocimum tenuiflorum (tulsi) [13] in sulphuric acid,
Comparative Study of Corrosion Inhibition Efficignof Holy Basil (Tulsi) for Tin in HNQ@ Solution [14 ],
Combating Aluminium Alloy Dissolution bycimum tenuiflorum leaves extract] 15] leads as to chose tulsi as
corrosion inhibitor.
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In this paper, electrochemical polarization, Eléhteéques are applied to study the abilityGmi mum tenuiflorum to
inhibit the corrosion oe steel in 1M HCI. The ptee film formed on the metal surface charactetindgth the help
of surface analytical techniques such as SEM ammhiatforce microscopy.

MATERIALSAND METHODS

Corrosion tests were performed using mild steetispens from the same sheet of the following comjosi0.1%
C, 0.026% S, 0.06%P, 0.4% Mn and the balance Hel. $titel specimens of the dimensions 1.0X4.0X0.2vare
polished to mirror finish degreased with trichladtngene and used for weight loss and surface exatioim studies.
The aggressive solution (1M HCI) is prepared butthh of analytical grade 37% HCI with double dlsti water.
The initial inhibitory solution is prepared fromsgblution of the natural Tulsi in 1M HCI solutiomhis later is
obtained as described elsewhere [16]. It has beenrsthat Eugenol (Fig:1) s the principal constitiuaf Tulsi.

CH30 Z

HO

Fig:1 Eugenol

Weight loss is measured on polished sheets, degteaith trichloroethylene and dried before beingghed and
immersed in 100 mL of the corrosive medium (in sester) at room temperature 298 K, corrosion rats wa
determined by hanging the steel in acid solutioihahd without inhibitor

The percent inhibition efficiency (IE%) for the wgéi loss method is calculated as follows.
IE =100 [1'(Worr/ Wocorr)] %

Where W, is the weight loss value in the absence of inbiéind W, is the weight loss value in the presence of
inhibitor.

Electrochemical studies are carried out

Polarization studies were carried out in a CHIcelichemical work station with impedance model 66GAvas
provided with iR compensation facility. A three efede cell assembly was used. The working eleetrads
carbon steel. A SCE was the reference electroddinBin was the counter electrode. From polarisasitualy,
corrosion parameters such as corrosion potentigl)(Ecorrosion current {J,), Tafel slopes anodic =,kand
cathodic = bwere calculated and polarization study was doime dcan rate (V/S) was 0.01. Hold time at (Efcs)
was zero and quiet time (s) was two.

In the case of polarization method the relatioredeines the inhibition efficiency (IE%)

IE = 100 [Peorr ~leorr/ 1°%om)] %0

1%, and Lorare the uninhibited and inhibited corrosion curm@ersities,

Electrochemical impedance spectroscopy was caotgdy CHI 660A electrochemical impedance analymedel
was used to record AC impedance measurements. dlheset up was the same as that used for polavizati

measurements. The real part (Z') and imaginary (&jtof the cell impedance were measured in ohansvérious
frequencies. TheRcharge transfer resistance) angl(@ouble layer capacitance) values were calculated.

Ca =1/ 2 X 3.14 X RX fra

Scanning Electron Microscopic studies (SEM)

The carbon steel immersed in blank solution anthéinhibitor solution for a period of one day wasnoved,
rinsed with double distilled water, dried and olbserin a scanning electron microscope to examieestirface
morphology. The surface morphology measurementsadfon steel were examined using JEOL MODEL6390
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computer controlled scanning electron microscoge &emental analysis of the carbon steel surfatieeasame
condition was carried out using an energy disperXiray analyzer (EDAX) unit attached to the SEMchiae.

Atomic Force Microscopy characterization (AFM)

The carbon steel specimen immersed in blank arttidrinhibitor solution for a period of one day wasnoved,
rinsed with double distilled water, dried and sahge to the surface examination. Atomic force mscapy (Veeco
dinnova model) was used to observe the samplefacaiin tapping mode, using cantilever with linégs. The
scanning area in the images was® x 5um and the scan rate was 0.6 HZ /second.

RESULTSAND DISCUSSION

The substrates were characterized using EIS which very effective means of determining films pctte
properties by measuring the resistive and capaciharacteristics of the coating. Polarization bareof steel in
1M HCI in the presence and absence of the inhibitershown in fig: 2 from the weight loss studslitows that
Tulsi 10g / 100mL(8mL / 100 mL) gives 90% IE.

Polarization study has been used to detect theaftwom of protective film on the metal surface [14}:¥hen a
protective film is formed on the metal surface, linear polarization resistance (LPR) increases tAedcorrosion
current (Icorr) decreases. The potentiodynamicrizalion curves of carbon steel immersed in vari@ss solutions
are shown in Fig:2(a) and (b). The corrosion patarsenamely, corrosion potential (Ecorr), Tafel pgl®
(bc=cathodic; ba=anodic), linear polarization reesise (LPR) and corrosion current (Icorr) are giied able: 1.

When carbon steel is immersed in sea water, th@sion potential is -771mV vs SCE. The formulatemmnsisting
of 8 ml of Tulsi (TUL) in 1M HCI shifts the corrasn potential to -765 mV vs SCE. The shift is venyad this

suggests that this formulation controls the anadaction and cathodic reaction to an equal extdatwe can
conclude that this inhibitor acts as mixed typansfibitor. The LPR value increases from 2378 ohnf tm5664
ohm cnf. This suggests that a protective film is formedfmmetal surface. Further the corrosion currestehses
from 1.579 x 10 A/cn’ to 0.6832 x 10 A/cn?. The IE calculated from corrosion current is 57Bhis value is
lower than the IE obtained by weight loss metho@4p. The discrepancy may be explained by the fa&t in

electrochemical process, the instantaneous corragsiorent is measured. However, in the case ofambight loss
method, IE is calculated after a long time. Thetgutive film formed is strengthened as the duratbimmersion
increases [25-32].

In presence of inhibitors, the cathodic and anoidel slopes are more or less equal. This indicétes the
formulation consisting of Tulsiunctions as mixed type inhibitor controlling thatliodic reaction and anodic
reaction to an equal extend. However the anodi@lTsibpe is slightly higher. This is reflected imetshift of
corrosion potential to the anodic side.

Table: 1 Corrosion parameters of carbon steel immersed in tulsi extract obtained from polarization study

LPR |

Syst E_mVvs SCE R B e
ystem o mVidecade| mvidecade| ohmcrd Alcr?

Sea water(blank) 771 160 186 2378 1.579%10

TUL(10g / 100mL) (8mL / 100 mL) 765 148 222 5664 .6&B2x10°
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Fig: 2 Polarization curves of carbon steel immersed in varioustest solutions
(a)Sea water (blank) (b) TUL (8ml)

Impedance fig:3(a),(b) show Nyquist plots for nskeel in 1M HCI without and with inhibitor respealy. Nyquist
plots of iron in 1M HCI solutions display one caj@e arc, it shows that the electrode reactioradstrolled by
charge transfer process; the diameter of the senf@diepresents the charge transfer resistapd83R The mild
steel in 1M HCI solutions has small charge transésistance 90.32 ohm Tivecause iron react quickly in acid solution,
while on addition of inhibitor (Tulsi extract) i& value increased remarkably 175.25 ohrf) waiues of double layer capacitance
are also brought down to the maximum extent ipitbsence of inhibitor and the decreases in thesvalu G, follows the order
similar to that obtained fokd, in this study. The decrease ig C

Means that the adsorption of this Eugenol takee fa the metal surface in acidic solution figv8,also note the increase of the
value of Rwith the inhibitor concentration leading to anrig&se in the corrosion inhibition efficiency [34}38
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Fig: 3 AC impedance spectra of carbon steel immersed in varioustest solutions (Nyquist plots). (a) Sea water (blank) ; (b) TUL (8mL)

The SEM images of different magnifications (X 5801000) of carbon steel specimen immersed in sanfor 1
day in the absence and presence of inhibitor syatershown in Fig: 4 images (a,b,c,d,e and f) Espay.
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The SEM is used to understand the nature of tHaaifilm; SEM provides a pictorial representatafrthe surfact
[39-41]. The SEM micrographs of polished carbon stedlaser (control) in Fig4(a,b) illustrate he smooth surface
of the metal. This shows the absence of any camngsioducts formed on the metal surf

The SEM micrographs of carbon steel surface imnagerssea water in Fid(c,d) shows the roughness of the m
surface which indicates thercosion of carbon steel in sea water. I4(e,f) indicates that in presencetulsi in 1M
HCI mixture in sea water, the surface coverage incseabéch in turn results in the formation of insdiilsomplex
on the surface of the metal (ASF inhibicomplex) and the surface is covered by a thin layenhibitors which
control the dissolution of carbon steel. Such tsshéve been reported earlie2].

X500  50um 0409 13 37 SEI 20kV  X1,000 10pm 0410 1337 SEI

#

' "
i - L ‘P ¥y
X500°  50pm e ® “11.29 SEI ‘zouif 3X1,000  10pm 11 29 SEI

206V | X500 - s0pm | 20kV  X1,000 10pm, . 4441 SEl

Fig: 4 SEM micrographs of
a),b) polished Carbon steel (control) - Magnifications-X 500,X 1000
c),d) Carbon steel immersed in sea water - Magnifications-X 500, X 1000
€),f) Carbon steel immersed in seawater containing 8mL of TUL- Magnifications-X 500 X 1000.

72
www.scholar sresearchlibrary.com



D. Madhan et al Der Pharma Chemica, 2013, 5 (5):68-76

AFM is a powerful technique to investigative thefaoe morphology at nano- to micro-scale and hasine a new
choice to study the influence of inhibitor on thengration and the progress of the corrosion atrte&l/solution
interface [43-46]. The three dimensional (3D) AFMnphologies and the AFM cross-sectional profile gotished
carbon steel surface (reference sample), carbehsigace immersed in sea water (blank samplearubn steel
surface immersed in sea water containing the faatiari of 8ml of TUL in 1M HCI are shown as Fig:5ages (a,
d,), (b, &), (c, f,) respectively. Root— meanaguroughness, average roughness and peak-to-valeg AFM
image analysis was performed to obtain the averagghness, Ra (the average deviation of all paimighness
profile from a mean line over the evaluation lengthot-mean-square roughness, Rq (the averageeahtasured
height deviations taken within the evaluation lénghd measured from the mean line) and the maxipegk-to-
valley (P-V) height values (largest single peak+tley height in five adjoining sampling heightd¥]. Fig:5 (a, d,)
displays the surface topography of un-corroded hsetdace. The value of Rq, Ra and P-V height fiar polished
carbon steel surface (reference sample) are 4.3 @mm and 35.58 nm respectively. The slight roegkrobserved
on the polished carbon steel surface is due to sheric corrosion.

Fig: 5 (b, e,) displays the corroded metal surfaite few pits in the absence of the inhibitor imsent in sea water.
The (Rq), (Ra), (P-V) height values for the carlsteel surface are 28.2nm, 19.8nm and 92.6 nm riégplgc These
data suggests that carbon steel surface immersshinater has a greater surface roughness thaoltbleed metal
surface, which shows that the unprotected carbeel surface is rougher and was due to the corrasitime carbon
steel in sea water environment. Fig:5 (c, f,) digplthe steel surface after immersion in sea veatetaining 8ml of

TUL . The (Rq), (Ra), (P-V) height values for tharlwon steel surface are 11.19nm, 8.40nm and 67.60nm

respectively The (Rq), (Ra), (P-V) height values eonsiderably less in the inhibited environmemhpared to the
uninhibited environment. These parameters conflrat the surface is smoother. The smoothness dfutface is
due to the formation of a compact protective filfrFe** - TUL (Eugenol) complex thereby inhibiting the amsion

of carbon steel [44].
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Fig: 5 Three dimensional AFM images of the surface of
a) Aspolished carbon steel (control)
b) Carbon steel immersed in sea water (blank)
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Fig: 5 AFM cross-sectional images of the sur face of
d) Aspolished carbon steel (control)
€) Carbon steel immersed in sea water (blank)
f) Carbon steel immersed in sea water containing ASF (4ml) + Zn?* (25ppm).

CONCLUSION
From the overall experimental results theolwihg conclusions can be deduced

» Tulsi acts as a good inhibitor for corrosion ofette 1M HCI.

» Tulsi 10g / 100mL(8mL / 100 mL) gives 90% inhibitiefficiency.

> Polarization study reveals that the formulationchions as mixed inhibitor.

» AC impedance spectra reveal that a protectiveiBlfiormed on the metal surface.

» The SEM micrographs and AFM images confirm the fation of protective (nano) layer on the metal stefa
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