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Abstract
The corrosion inhibitive action of flower exttaof clitoria ternatea stem on mild steel cowasin 0.5

M H2S04 solution was studied using weight loss meétlpotentiodynamic polarization and EIS measurdésadrine
results obtained indicate that the extracts fumetib as good inhibitors in 0.5 M H2SO4 solution. iliition
efficiency was found to increase with extract carcation. The adsorption of constituents in thenpkxtract on the
surface of the metal is proposed for the inhibiti@mavior.
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Introduction

Corrosion is a common phenomenon associated
with almost all the metals except noble metals &nd
particularly severe in the case of iron that fortles
many industries to invest more for the control of
corrosion by various techniques. Due to the various
industrial applications and the remarkable economic
importance of aluminium and its alloys, its proieat
against pitting corrosion has attracted much &tiant
[1+8]. One of the available methods is the useohilde
inhibitors. Unfortunately, many of the inhibitorsed are
inorganic salts [9+12] and organic compounds [10,
13+16] with toxic properties or limited solubility.
Increasing awareness of the health and ecologisks r
has drawn attention to ®nding more suitable inbiisit
which are nontoxic. Investigations have been made
recently into the corrosion inhibiting properti€snatural
products of plant origin, which was found to exhippod
inhibition efficiencies (F. Zucchi, I. H. Omar, 198§M.
Kliskic, J. Radosevic, S. Gudic and V. Katalinik,
2000)(A. Y. El-Eter, 2003)(M. Abdallah, 2004)( E. E
Oquzic, 2006). The use of natural products for tseta
protection is of much importance because in addit®
being inexpensive, readily available and renewable
sources of materials, plant products are environatign
friendly and ecologically acceptable. clitoria t@tea
stem extract is organic in nature and can be mgbd
production of green inhibitor and it is one of matu
inhibitor which has an inhibitive action on the @sion
of metals To the best of our knowledge, nothing leen
published on the use of the Clitoria ternata plsteim
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extract for the inhibition of mild steel corrosiamacidic
medium by various methods weight loss measurements,
the polarization method and electrochemical impedan
spectroscopy (EIS).

Material and Method
Preparation of Clitoria ternata plant leaves extrad:

An aqueous extract of Clitoria ternata plant stem
was prepared by grinding 5g of plant stem ,wittilled
water, filtering the suspending impurities, and mgkup
to 100 ml. The extract was used as corrosion itdmitin
the present study.

Preparation of specimens

Carbon steel specimens (0.022% S, 0.038% Mn,
0.027%P, 0.086 C) of dimension 1.0 cm *4.0cm*0.2cm
were polished to a mirror finished with the emehgeats
of various grades and degreased with trichloroetigl
Weight loss method.

Carbon steel specimens in triplicate were
immersed in 100 mL of the inhibited and uninhibit:8
M H,SQ, solutions in the presence and absence of TBAB
for two hours. The weight of each specimen befaré a
after immersion was determined using shimadzu leelan
model Ay 62.The inhibition efficiency (IE) was then
calculated using the expression;
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Where W,.,¢W, are the corrosion rates in the
absence and presence of the inhibitor, respectively
Electrochemical impedance measurements

The impedance measurements were performed
using a computer —controlled potentiostat (model
Solartron SI-1260) and the data were analysed iy
phase analyser electrochemical interface (Solargl-
1287). A three electrode set up was employed with P
foil as the auxiliary electrode and a saturatecbroel
electrode as the reference electrode. The Teflatedo
mild steel rod, with the surface prepared as deedrin
the weight loss experimental method, served as the
working electrode. The measurements were carriethou
the frequency range %0102 Hz at the open circuit
potential by superimposing sinusoidal AC signasofall
amplitude, 10 mV, after an immersion period of 3ih m
in the corrosive media. The double layer capacéanc
(Cq) and charge transfer resistance(Rvere obtained
from the impedance plots as described elsevihere
Because Ris inversely proportional to corrosion current
density, it was used to determine the inhibitioficefncy
(IE%) using the relationship;

)
E% = RHR;E €t 100
Where R, and R, are the charge transfer resistance
values in the inhibited and uninhibited solutions
respectively.
Polarization measurements
The potentiodynamic polarization curves were
recorded using the same cell setup employed for the
impedance measurements. The potentials were swept a
the rate of 1.66mV/s, primarily from a more negativ
potential than E, to a more positive potential than.f
through E,. The inhibition efficiencies were calculated
using the relationshif?;

IE% = Lcor—lcom .4,
TFFeorr

Where P, and L are the corrosion current densities in
the absence and in the presence of inhibitor, otisiedy

Results and Discussion
Analysis of results of mass loss method

The corrosion rates and inhibition efficiency
values, calculated using weight loss data, for otexi
concentrations of Clitoria ternata plant leavegawttin
the presence and absence of TBAB the corrosion of
carbon steel in 0.5M }$0, solution are presented in
Table.1. It is apparent that the inhibition efficcy
increased with the increase in inhibitor concergrain
the presence and absence of TBAB. This behaviobean
explained based on the strong interaction of thébitor
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molecule with the metal surface resulting in adsormp
The extent of adsorption increases with the ine@das
concentration of the inhibitor leading to increased
inhibition efficiency. The maximum inhibition effiency
was observed at an inhibitor concentration of 1pthp
Generally, inhibitor molecules suppress the metal
dissolution by forming a protective film adsorbedthe
metal surface and separating it from the corrosion
medium. The corrosion suppressing ability of the
inhibitor molecule originates from the tendencyfdom
either strong or weak chemical bonds with Fe atoms
using the lone pair of electrons present on then@®ra
electrons in benzene ring. It is also seen frorfetalihat
the leaf extract of Clitoria ternata plant leaa<2 mL
and 10mL concentrations shows 43.40 % and 76.17 %
inhibition efficiencies respectively, Then the wed
increased to 89.38 % after adding 25 ppm of TBAB
solution in 0.5M HSQ, solutions containing 10mL of
plant  extract respectively. This showed a good
synergistic effect between sounder roja leaves and
TBAB.

Tablel.Corrosion rate (CR) of mild steel in 0.5M HSO,

solutions the absence and presence of inhibitor and the

inhibition efficiency (IE) obtained by mass loss nifod.

Inhibitor | TBAB (0) ppm

concentration
(mL) CR (mg cmi*h | IE

l) %
0 126 -
2 39 69.04
4 29 76.98
6 27 78.57
8 22 82.53
10 21 83.33

Influence if TBAB on the on the inhibition efficiency
of clitoria ternatea stem
Table2.Corrosion rate (CR) of mild steel in 0.5N5€),
solutions the presence of inhibitor with TBAB and the
inhibition efficiency (IE) obtained by mass lossthe

Inhibitor TBAB (25
concentration ppm
(mL)
CR (mg cnf IE
h™) %
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10mL+25ppmTBAB 9 92.86

Electrochemical
measurements (EIS)

Impedance spectra obtained for corrosion of
mild steel in 0.5 M HSO, contains a semicircle,
representing the interaction of metal surface witib
corrosive environment. The -R (CR) model best
describes this situation. The semicircle in theeédgnce
plots contain depressed semicircles with the ceretew
the real axis. The size of the semicircle increag#sthe
inhibitor concentration, indicating the charge #fen
process as the main controlling factor of the csimo of
mild steel. It is apparent from the plots that the
impedance of the inhibited solution has increaséth w
the increase in the concentration of the inhibifbhe
experimental results of EIS measurements for the
corrosion of mild steel in 0.5 M 430, in the absence
and presence of inhibitor are given in Table 3dShat
sum of charge transfer resistancey)(Rnd adsorption
resistance (Rad) is equivalent to polarizationstasice
(Rp).

Table 3. Impedance parameters obtained from
electrochemical impedance studies.

impedance spectroscopic

Inhibitor Rct Cua IE%
concentra | Ohm cn? UF
tion
mL
0 17.2 9.2578x10 -
3
10 107.5 3.481x16 84.00
10+ 262.2 0.782x16 93.44
25ppm(T
BAB)
“fi 150
0 ﬁ:g"--;viil:ml\_ ) & i " 10mi =1F|’;m|-[]¥...\};\l.

50 100 N 200 250 i 300
Z{re)ohm em2

Fig.1 Impedance spectra obtained Clitoria ternatetem in
0.5 M H,SO, solution
Potentiodynamic Polarization studies :
The polarization curves obtained for the
corrosion of mild steel in the inhibited (100 ppeamd
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uninhibited 0.5 M HSQ, solutions in the absence and
presence of TBAB are shown in FigRlectrochemical
parameters such as corrosion potential i corrosion
current density ¢},), cathodic and anodic tafel slopgs (
andp,) and percentage inhibition efficiency accordiag t
polarization studies are listed in table 4. Heg, |
decreased with increasing inhibitor concentratierom
the figures, it can be interpretéloht the addition of this
inhibitor to corrosive media changes th@odic and
cathodic tafel slopes. The changes in slopes shakesd
influence of the inhibitor both in the cathodic aambdic
reactionsHowever, the influence is more pronounced in
the cathodicpolarization plots compared to that in the
anodic polarization plot€&ven though. and p, values
(table.3) change with an increasén inhibitor
concentrations, a high. value indicates that tteathodic
reaction is retarded to a higher extent than thedian
reaction[28].

From Fig.2 it is also clear that the addition of
theinhibitor shifts the cathodic curves to a greatdent
toward thelower current density when compared to the
anodic curves. Thek; value is also shifted to the more
negative side with an increase in the inhibitor
concentration. These shifts can be attributed te th
decrease in the rate of the hydrogen evolutiorti@aon
the mild steel surface caused by the adsorptiothef
inhibitor molecule to the metal surface[29]. It Hasen
reported that a compound can be classified as adi@n
and cathodic type inhibitor on the basis of shffteg,,,
value. If displacement of &, value is greater than 85
mv, towards anode or cathode with reference to the
blank, then an inhibitor is categorized as eitheydic or
cathodic type inhibitor otherwise inhibitor is tted as
mixed type[26, 27]. In our study, maximum displaesin
in E.or Value was around 12 mV, indicating the inhibitor
is a mixed type and more cathodic nature doesltert
the reaction mechanism. The inhibition effect has
occurred due to simple blocking of the active sites
thereby reducing available surface area of theocmg
metal[24,25,30,31]. The increase in inhibitor afficy
of inhibited (10mL) 0.5M HSQ, solution for the
corrosion of mild steel after adding 25 ppm TBABsIs
synergism between inhibitor molecules and TBAB.
Table. 4 Corrosion parameters in the presence and absénce

inhibitor obtained from polarization measurements

Inhibitor -Ecor | PBe Ba leor® | IE%
concentration | (mV) | (mV/) | (mV) | 10*6
ppm HA
0 457 127 60 1.35 -
10 461 151 71 0.22% 83.8
6
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10+ 464 159 78 0.093 93.0
25ppm(TBA 8
B)

Fig.2 Impedance spectra obtained Clitoria ternatetem in
0.5 M H,SQ, solution
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Conclusion

The effect of acid concentration and the effect
of addition the aqueous extract of Clitoria ternstem
extract on the corrosion of Mild steel has bstmied.
The following conclusions may be drawn:
1) The chemical results showed that the corrosive of
mild steel sample is increase with increasing acid
concentrations 25ppm to 100 ppm
2) The polarization measurements also showed that,
increase of 0.5 M BO, concentration leads to
displacement of the anodic and cathodic curvesigh h
current densities {J.), also increase the corrosion rate
will be found.
3) The electrochemical impedance measurements
showed that the corrosion of mild steel samplaasnly
controlled by charge transfer process.
4) The aqueous extract of Magnolia Clitoria terrettam
extract acts as good inhibitor for the corrosionnafd
steel in 0.5 M HSQO, solution.
5) Electrochemical polarization results indicateattthe
Clitoria ternata stem aqueous extract act as aniype
inhibitor and impedance results showed that the
corrosion of mild steel is mainly controlled bylarge
transfer process and the presence of Clitoria tarstem
extract in acid solution does not alter the mechranof
mild dissolution.
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