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ABSTRACTS: Plants, seeds, leaves, and fruits as
a Natural inhibitors are investigated for mild steel
corrosion in acidic media using weight loss,
potentiodynymic electrochemical impendence
spectroscopy, scanning electron microscopic study,
and FTIR studies. While claiming natural material
as a corrosion Inhibitor many researchers took
synthetic organic compound into account as a
inhibitor. Many researcher shown through the
study the influence of compounds present in plants
and their structure, concentration, method of
application as well as media that inhibitor is used in
on inhibition efficiency. Moreover, action
mechanisms are studied. Corrosion inhibition
mechanism was well supported by applying the
Freundlich adsorption isotherm, Temkin and
Frumkin adsorption isotherms.

For the corrosion inhibition of mild steel, the
possible reaction centers are unshared electron pair
of  heteroatom’s and @~  electrons  of
aromatic/heterocyclic ring. In aqueous acidic
solutions, main constituents exist either as neutral
molecules or as protonated molecules (cations).
The inhibitors may adsorb on the metal/acid
solution interface by one and/or more of the
following ways: (i) electrostatic interaction of
protonated molecules with already adsorbed
chloride ions, (ii) donor-acceptor interactions
between the n-electrons of aromatic ring and vacant
d orbital of surface iron atoms, (iii) interaction
between unshared electron pairs of hetero atoms
and vacant d-orbital of iron surface atoms.

The mechanism of physical adsorption is also
supported from the values of some Kkinetic and
thermodynamic parameters such as energy of
activation.

Keywords: Mild steel, weight loss, heterocyclic
ring, protonated molecules, inhibitor.

I. INTRODUCTION
Corrosion is the destructive attack on a
metal or metal alloy by chemical or
electrochemical  reaction with its environment *.
Corrosion of metal is a major industrial problem

that has attracted a lot of investigators in recent
years®*. Mild steel find a variety of application
owing to its easy availability, ease of fabrication,
excellent tensile strength, workability —and low
cost. It suffers from severe corrosion when it comes
in contact with acid solutions during acid cleaning,
transportation of acid, descalling, storage of acid
and other chemical processes. The heavy loss of
metal as a result of its contact with acids minimized
to a great extent by use of inhibitors. Inhibitors are
chemicals that often work by adsorbing themselves
on metallic surface, protecting the metal surface by
forming the film.

The scientific and corrosion literature has
descriptions and list of numerous chemical
compounds that exhibit inhibitive properties for
steel in acidic solutions, e.g.azoles, amines, amino
acids, alkenyl  phenones, aromatic aldehydes,
nitrogen-containing  heterocyclic and their
quaternary salts and condensation products of
carbonyls and amines **. It is noticed that
presence of heteroatom’s such as  nitrogen,
sulphur, phosphorous in the organic compound
molecule improves its action as a corrosion
inhibitor in mild steel. It can be explained by the
presence of vacant d orbital’s in iron atom that
form coordinative bonds with atoms able to donate
electrons. Based on these facts more and more
compounds containing numerous heteroatom’s and
functional groups are synthesized by many research
workers as they are responsible for good properties
regarding corrosion inhibition because they enable
chemisorptions, also molecular weight is larger
which facilitate physical adsorption®*. Although
synthetic organic compounds **™** have proved to
be effective in inhibiting the corrosion of metals
specially mild steel in acidic corrosive
environment, the high cost and toxic nature of
some of the compounds have been seen as a major
setback. The need to develop economical, non-
toxic, readily available as well as environmentally
friendly processes to fill this gap has now made
researchers to focus on the use of natural products
and plant extracts as corrosion inhibitors.

DOI: 10.35629/5252-0204647655 | Impact Factor value 7.429 | 1SO 9001: 2008 Certified Journal Page 647



\_% International Journal of Advances in Engineering and Management (IJAEM)

\‘4" Volume 2, Issue 4, pp: 647-655

IJAEM

www.ijaem.net

In the present paper comprehensive
review has been carried out to understand the role
of plants, seeds, leaves, and fruits as a Natural
inhibitors in order to protect mild steel corrosion
in acidic media using  weight loss,
potentiodynymic electrochemical impendence
spectroscopy, scanning electron microscopic study,
and FTIR studies. Study also reflect the need to
make a review that would sum the results published
by now and serve as a guidance for the future
research.

Ajwan Seeds extracts

Asha M. Turkustani* investigated the
effect of Ajwan Seeds as corrosion inhibitor on
carbon steel in sulphuric acid medium. The
inhibition mechanism is explained on the basis of
weight loss, hydrogen evolution study. It has been
mentioned that organic compound present in the
Ajwan seeds such as Thymol,y-terpinene, p-
cymene,b-pinene alpha- pinene and limonene can
adsorbs on steel surface which protects the metal
from the corrosion .Inhibition may be due to
synergistic action of these compounds. The
inhibition mechanism is also supported by
Potentiodynamic polarization curves. The data
revealed that Ajwan Seeds extract extracts retards
both anodic and cathodic processes ( metal
dissolving and hydrogen evolution).It has been also
noted that presense of Ajwan seeds extract has
pronounced effect on the corrosion current and
shifts the potential by = 20mv to more negative
potential value and remain approximetly constant
by increasing the Ajwan extracts concentrations.

Black pepper and piperine extract

M.Dahamani and et al.'* studied the
comparative corrosion inhibition effect of Black
pepper extract and piperine isolated from Black
pepper on C38 carbon steel in 1 M HCI solution.
Piperine isolated in ethanol from Black pepper and
used for corrosion Inhibition study. They have
reported 95% inhibition efficiency in Black pepper
and 99% in piperine. Inhibition efficiency increases
with the concentration of piperine. Adsorption
enthalpy and activation energy was evaluated using
Arrhenius equation and discussed with reference to
corrosion  inhibition  efficiency  .Effect of
temperature on inhibition mechanism was studied
and maximum efficiency Obtained at 60°c .The
data revealed that this inhibitor may be useful for
industrial descalling.

Uncaria Gambir extract
Mohd.Hazwan Hussain and Mohd.Jain
Kassim®® conducted the research of the effect of

the Uncaria Gambir extract on the mild steel
corrosion inhibition in aqueous solution having pH
5.The inhibition efficiency by ethyl acetate extract
containing catachin has been studied by weight
loss, Potentiodynymic polarization ,electrochemical
impedance  spectroscopy, scanning electron
microscope technology with energy dispersive X-
ray spectroscopy. Inhibition was found to be
highest at 150 ppm inhibitor concentration. The
overall mechanism shows that ethyl acetate extract
of U.Gambir acts as mixed inhibitor.

Pineapple leaves (Ananas Comosus L.) extract

U. F. Ekanem et al.'® Studied the effect
of pineapple leaves (Ananas Comosus L.) extract
on the corrosion Inhibition of mild steel in HCI
using weight loss and hydrogen evolution methods
at 30-60°C. It was found that the pineapple leaves
extract inhibited the acid induced corrosion of mild
steel. The inhibition efficiency increases with
increase in the extract concentration and with rise
in temperature. Adsorption of the extract was found
to obey Langmuir adsorption isotherm at all the
concentrations and temperatures studied. The
mechanism of chemical adsorption is proposed
from the trend of inhibition efficiency with
temperature. The proposed mechanism was also
corroborated by Kinetic and thermodynamic
parameters obtained. Studies by some research
groups have also shown that the ethanolic extract
of pineapple leaves is composed of ananasate, 1-O-
caffeoylglycerol, 1-O-p-  coumaroylglycerol,
caffeic acid, p-coumaric acid, b-sitosterol, and
daucosterol 8. It is, therefore, pertinent to say
that the adsorption of these compounds onto  mild
steel surface is responsible for corrosion inhibition.
It has been pointed out that the increase in
inhibition efficiency with increase in extract
concentration is an indication of an increase in the
number of components of the extract adsorbed over
the mild steel surface blocking the active sites, in
which direct acid attacks proceed and protect the
metal from corrosion, while the increase in
inhibition efficiency with temperature rise is
suggestive of strong adsorption of the phyto-
constituents of the extract on the mild steel surface
forming a protective layer and shielding the metal
from corrosion 9%,

The effect of temperature on corrosion
rate was evaluated using Arrhenius equation: v=A
[ exp (-Ea/RT)] .where v is the corrosion rate, Ea is
the apparent activation energy of the mild steel
dissolution, R is the molar gas constant, T is the
absolute temperature, and A is the frequency factor.
The calculated values of activation energy are
listed in Table 3. It can be seen in the table that Ea
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is lower in the presence of the inhibitor than in the
absence of the inhibitor. This observation further
supports the proposed chemisorption mechanism
because unchanged or lower Ea in inhibited
systems compared to blank is also reported by
many research workers %, Increased Ea values
revealed the physical adsorption mechanism. It has
been found that Ea monotonously decreases with
increase in extract concentration with the lowest
value (52.5 kJ mol-1) being obtained at the highest
extract concentration (0.5 g/L) .

Rauvolfia serpentina extract

Alkaloid extract of Rauvolfia serpentina
was investigated by P. Bothi Raja and M.G.
Sethuraman® as corrosion inhibitor for mild steel
in 1 M HCI and H,SO, using weight loss method at
three different temperatures, viz., 303, 313, and
323 K, Potentiodynamic polarization,
electrochemical impedance spectroscopy and
scanning electron microscope (SEM) studies. It is
evident from the results of this study that R.
serpentina effectively inhibits the corrosion in both
the acids through adsorption process following
Tempkin adsorption isotherm. The protection
efficiency increased with increase in inhibitor
concentration and temperature. Free energy of
adsorption calculated from the temperature studies
also revealed the chemisorptions. The mixed mode
of action exhibited by the inhibitor was confirmed
by the polarization studies while SEM analysis
substantiated the formation of protective layer over
the mild steel surface.The impedance results show
that corrosion inhibition takes place through charge
transfer process.

Bridelia retusa leaves extract

Niketan Patel?® investigated the extract of
Bridelia retusa leaves as corrosion inhibitor of mild
steel in IN H,SO, medium by weight loss,
electrochemical polarization and electrochemical
impedance spectroscopy and scanning electron
microscopic studies. The weight loss result showed
that extract of Bridelia retusa leaves is excellent
corrosion inhibitor. Inhibition efficiencies found to
be 91.6% at higher concentration of 200 ppm at
303K. Inhibition properties may be due to the
adsorption of nitrogenous compounds in the
extracts or tannin on the metals surface present in
the extract *'.

Tannins are the complex astringents
aromatic acidic glycosides found in various plants
and there can be ruled out as they made up of
polyphenols and their acidic and heterocyclic
derivatives, because such constituents would not
have extracted in acids. Polar organic compounds

containing N, S, and O are good corrosion
Inhibitors . These species are responsible for the
formation of film oriented film layer by the
adsorption of active constituents of the extract on
the MS surface which essentially blocks the
dissolution of metal ions.

The adsorption of the inhibitor is
influenced by the nature of charge of the metal and
its chemical structure of the inhibitor, distribution
of charge in the molecule and type of electrolyte.
The adsorption of the inhibitor follows the
Langmuir adsorption isotherm.

Fruit peels of mango, and orange extract

Janaina Cardozo da and et al.”® was
investigated the inhibitive action of the aqueous
extracts of fruit peels of mango, orange against
corrosion of carbon steel in a 1 M HCI solution
using electrochemical impedance spectroscopy,
potentiodynamic polarization curves, weight loss
measurements and surface analysis. Researcher
analyzed aqueous extracts of mango, orange,
passion fruit and cashew peels in different
concentrations and found that the extracts act as
good corrosion inhibitors for the tested system. The
inhibition efficiency increases with increasing
extract concentration and  decreases  with
temperature. The adsorption of components of the
fruit peel extracts on the surface of the carbon steel
follows the Langmuir adsorption isotherm.

Nyctanthes arbortristis extract

R.Saratha and V.G.Vasudha® investigated
the efficiency of acid extract of dry Nyctanthes
arbortristis (Night Jasmine, Coral Jasmine) leaves
as corrosion inhibitor for mild steel in 1IN H,SO,
by weight loss and polarization studies. The results
indicate Nyctanthes arbortristis leaves to be a good
corrosion inhibitor of a mixed type and having
efficiency as high as 90% at 1% inhibitor
concentration. The mixed mode of inhibitor was
explained on the basis of Tafel constant obtained
through Potentiodynamic polarization studies.
Tafel constant b, and b, markedly change in
presence of the acid extract of the plant. The
corrosion current values are also found to increase
in presence of acid extract of the plant.From the
Impedance study researcher claim that corrosion
current decreases with inhibitor concentration. It
has been stated that Phytoconstituents in the leaves
of Nyctanthes arbortristis contain an alkaloidal
principle named Nyctanthine. Leaves also contain
mannitol, astringent principles, resinous
substances, colouring matters, tannic acid,
flavonoids and iridoid glucosides®™** - Due to the
presence of these heterocyclic compounds
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adsorption of the plant constituents on the metal
surface is facilitated. Inhibition efficiency of NAL
extract may be explained as due to the adsorption
of these compounds on the metal surface thereby
blocking the surface and protecting the metal from
the aggressive atmosphere.

Curry Leaves (Murraya Koenigii) extract

The inhibitive action of extract of curry
leaves (Murraya koenigii) on carbon steel in 1N
HCI has been studied using weight loss, gasometric
studies and electrochemical polarization and AC
impedance measurements has been studied by
Sharmila et al.** ‘The effect of temperature on the
corrosion behaviour of carbon steel in 1IN HCI with
optimum concentration of inhibitors was studied in
the temperature ranging from 30 -80°C. The
protective film formed on the surface of carbon
steel by the adsorption of extracts in 1IN HCI
solution was confirmed by SEM studies. From
weight loss data Inhibition efficiency was found to
be 84.6% found at moderate concentration of
inhibitor  (4%v/v) and minimum inhibition
efficiency was found to be at maximum
concentration of inhibitor (10 %v/v). Inhibition
efficiency is also supported by gasometric method.
Researcher found that the results obtained from
gasometric method are fall in line weight loss
method.

Bixin, Zenthoxlum almauta ,Echitamine, and
Nyctanthin extract

D.K. Gupta and et.al.* studied the effect
of Bixin, Zenthoxlum almauta ,Echitamine, and
Nyctanthin extract as corrosion inhibitor for mild
steel and other metals in HCl and halide medium
by weight loss method. The inhibition efficiency
increases in the following order. Bixin <
Zenthoxlum almauta < Echitamine < Nyctanthin
this sequence reflects the effect of type of the unit
present in the compound and their inhibitive action.
The general trends of inhibitor performance of the
inhibitor are similar as investigated by many
research workers 2"-%8 2

Hibiscus Syriacus Linn extract

Prabavathi Nagarajan® studied the
influence of the addition of the extract of naturally
occuring Hibiscus Syriacus Linn and the flavonoid
component Rutin on the corrosion of mild steel in
1M  hydrochloric  acid by weight loss
measurement, gasometric and polarization study in
the presence and absence of quaternary ammonium
salt. It is observed that the extract of the plant and
Rutin reduces the corrosion rate and the inhibition
efficiency increases with increase in inhibitor

concentration. It has been reported that the
biological systems have the corrosion inhibition
efficiency due to the functional groups present in
aromatic and .heterocyclic rings along with
electron rich elements like nitrogen, sulphur and
oxygen. These substances are found to adsorb on
the corroding metal surface and reduce the
corrosion rate.

Kalmegh (Andrographis paniculata) Leaves
extract

The role of Kalmegh (Andrographis
paniculata) Leaves extract as Green Inhibitor was
investigated for Mild Steel in Hydrochloric acid
solution by using weight loss, electrochemical
impedance spectroscopy, linear polarization, and
potentiodynamic  polarization  techniques by
Ambrish Singh, and et al *® . Inhibition was found
to increase with increasing concentration of the
extract. The effect of temperature, immersion time,
and acid concentration on the corrosion behavior of
mild steel in 1M HCI with addition of extract was
also studied. The inhibition was assumed to occur
via adsorption of the inhibitor molecules on the
metal surface. The adsorption of the molecules of
the extract on the mild steel surface obeyed the
Langmuir adsorption isotherm. The protective film
formed on the metal surface was analyzed by FTIR
spectroscopy. The inhibition property is due to
main constituent of Kalmegh (Andrographis
paniculata) leaves extract is Andrographolide
having multiple bonds through which they get
adsorbed on the mild steel surface. The high
performance of Kalmegh (Andrographis
paniculata) leaves extract could also be due to large
size of constituent’s molecule which covers wide
areas on the metal surface and thus retarding the
corrosion®”  Kalmegh (Andrographis paniculata)
leaves extract is composed of numerous naturally
occurring organic compounds. The inhibitive
action of Kalmegh (Andrographis paniculata)
leaves extract toward the acid corrosion of steel can
be attributed to the adsorption of Kalmegh
(Andrographis  paniculata) leaves  extract
components onto the steel surface. FTIR showed
that the leaves extract contains oxygen atoms in
functional groups (O-H, C=C, C=0, C-H, C-0)
and aromatic ring, which meets the general
consideration of typical corrosion inhibitors. The
no- bonded electrons of heteroatoms get protonated
and thereby they get adsorbed on the negatively
charged metal surface. Due to electrostatic
interaction, the protonated constituent’s molecules
are adsorbed (physisorption) and high inhibition is
expected. Kalmegh (Andrographis paniculata)
leaves extract molecules can also adsorb on the
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metal surface on the basis of donor-acceptor
interactions between m-electrons of aromatic ring
and vacant d-orbitals of Fe. Similar study is also
supported by studding the fruits extract of Shahjan
(Moringa  oleifera), Pipali (Piper longum) and
Orange (Citrus aurantium).

Eclipta Alba extract

M. Shyamalay and A. Arulanantham®
studied the Eclipta Alba as Corrosion Pickling
Inhibitor on Mild Steel in Hydrochloric Acid
medium. Corrosion inhibition effect of aqueous
extract of Eclipta alba in 1 N hydrochloric acid has
been investigated by weight loss, Potentiodynamic
polarization and impedance methods and the
extracts of Eclipta alba were found to be effective
corrosion pickling inhibitor. The effect of
immersion time and temperature revealed that the
extracts of Eclipta alba with an optimum
concentration of 8.0% v/v showed maximum
inhibition efficiency of 99.6% at 3 hours
immersion time and at 30+°C. Arrhenius plots for
mild steel immersed in 1 N HCI solution in the
absence and presence of optimum concentration
(8.0% in v/v) of Eclipta alba extract showed the
effect of temperature. Polarization studies indicate
that this plant extract acts as a mixed type inhibitor.
The adsorption of Eclipta alba follows Langmuir
adsorption isotherm. The inhibition action may be
due to the presence of the Wedelactone and also the
alkaloid Ecliptine present in the leaves of Eclipta
Alba.

M. Shyamalay and A. Arulanantham also
cliam that the transition of metal/solution interface
from a state of active dissolution to the passive
state is attributed to the adsorption of the inhibitor
molecules at the metal/solution interface, forming a
protective film. The rate of adsorption is usually
rapid and hence, the reactive metal surface is
shielded from the aggressive environment
% Adsorption process can occur through the
replacement of solvent molecules from metal
surface by ions and molecules accumulated in the
vicinity of metal/solution interface. lons can
accumulate at the metal/solution interface in excess
of those required to balance the charge on the metal
at the operating potential. These ions replace
solvent molecules from the metal surface and their
centers reside at the inner Helmholtz plane. This
phenomenon is termed specific adsorption, contact
adsorption. The exact nature of the interactions
between a metal surface and an aromatic molecule
depends on the relative coordinating strength
towards the given metal of the particular groups
present %,

Henna extract (Lawsonia inermis) extract

The inhibitive action of henna extract
(Lawsonia inermis) and its main constituents
(lawsone, gallic acid, a-D-Glucose and tannic acid)
on corrosion of mild steel in 1 M HCI solution was
investigated by A. Ostovari and et. al.** through
electrochemical techniques and surface analysis
(SEM/EDS). Polarization measurements indicate
that all the examined compounds act as a mixed
inhibitor and inhibition efficiency increases with
inhibitor concentration. Maximum inhibition
efficiency (92.06%) is obtained at 1.2 g/l henna
extract. Inhibition efficiency increases in the order:
lawsone > henna  extract > gallic  acid > o-D-
Glucose > tannic acid.

Ocimum Basilicum and Cucurbita Pepo extracts

Badiea A.M.and et.al*® studied Inhibition
efficiencies of Ocimum Basilicum and Cucurbita
Pepo extracts on low carbon steel corrosion in
industrial water have been investigated using mass
loss, electrochemical measurements, and SEM. It
was found that the plant extracts chosen revealed
good performance as green inhibitors for low
carbon steel in industrial water and their inhibitive
performance was improved with increasing of
concentration up to critical values of 2.96 and 5.25
g L™ for cucurbita and ocimum, respectively.
Adsorption of these plant extracts obeyed Flory-
Huggins's isotherm. Thermodynamic parameters
were evaluated and discussed. SEM was carried out
to characterize the film formed on the metal
surface.

Azadirachta indica extracts

Azadirachta indica is composed of
numerous naturally occurring organic compounds.
Over 300 compounds have been isolated and
characterized from the plant. Among these are:
azadirachtin,  azadirone,  gedunin, nimbin,
nimbandiol, nimbinene, nimbolide, nimonol,
nimbolin, salannin,margolone, melianol, vilasanin,
flavanoids and structurally related compounds **,
Most of these compounds have complicated
molecular structures, large molecular weights and
significant number of oxygen, sulphur and nitrogen
atoms incorporated in the structure. These
compounds can absorb on the metal surface via the
lone pairs of electrons present on their oxygen,
sulphur and nitrogen atoms. The adsorption of such
compounds on the metal surface creates a barrier
for charge and mass transfer leading to a decrease
in the interaction between the metal and the
corrosive environment. As a result, the corrosion
rate of the metal is decreased. According to
Patel***°. the inhibition properties of plant extracts
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may be due to the presence of nitrogenous
compounds in the extract® and tannins.Tannins *°
are complex astringent aromatic glycosides found
in various plants. They are made up of polyphenols
and their acidic and heterocyclic derivatives. Polar
organic compounds containing N, S. O atoms are
good corrosion inhibitors®. They may have been
responsible for the formation of an oriented film
layer which essentially blocks discharges of H*
and dissolution of metal ions. Acid pickling
inhibitors containing organic N, amine, S and OH
groups behave similarly to inhibit corrosion. This
complex composition of Azadirachta indica makes
it difficult to assign the observed corrosion
inhibitive effect to a particular constituent.
However, one-third of the isolated compounds
from Azadirachta indica are tetranortriterpenoids
(limonoids). One of the limonoids is azadirachtin,
the most potent, environmental friendly
biodegradable pesticide, with growth-inhibiting
properties at very low concentration®’. Azadirachtin
has been isolated from all parts of the Neem tree,
but is present at highest concentration in the
mature seeds®. From the trend in inhibition
efficiencies (SD > RT > LV).

Strychnos nux-vomica extract

P.Bothi Raja and etal > studied the
inhibition efficiency of the extract of Strychnos
nux-vomica for the corrosion of mild steel in 1 M
sulfuric acid using weight loss test (carried out at
303-323 K), electrochemical measurement, and
scanning electron microscope (SEM). The results
of weight loss studies indicated that the inhibition
efficiency increased with inhibitor concentration
and the temperature of the system (following
Temkin adsorption isotherm). Electrochemical
studies proved that the inhibitor acts through mixed
mode of inhibition and the inhibitor molecules
adsorb on the metal-solution interface. SEM
studies supported the adsorption of the inhibitor
over the metal surface. The possible active
ingredient responsible for the anticorrosion effect is
identified as brucine which is isolated and screened
for the anticorrosion effect using electrochemical
studies and quantum chemical studies. The possible
mode of corrosion inhibition of brucine is also
derived using FT-IR studies.

I1. CONCLUSION:

A single adsorption mode between
inhibitor and metal surface because of the complex
nature of adsorption and inhibition of a given
inhibitor. The adsorption of main constituents of
leaves, seeds and fruit extract can be attributed to
the presence of O-atoms, =n- electrons and

aromatic/heterocyclic rings. Presence of methoxy
group also enhances the inhibition efficiency.
Therefore, the possible reaction centers are
unshared electron pair of heteroatom’s and =-
electrons of aromatic/heterocyclic ring. In aqueous
acidic solutions, main constituents exist either as
neutral molecules or as protonated molecules
(cations). The inhibitors may adsorb on the
metal/acid solution interface by one and/or more of
the following ways: (i) electrostatic interaction of
protonated molecules with already adsorbed
chloride ions, (ii) donor-acceptor interactions
between the n-electrons of aromatic ring and vacant
d orbital of surface iron atoms, (iii) interaction
between unshared electron pairs of hetero atoms
and vacant d-orbital of iron surface atoms.
Generally two modes of adsorption are considered
on the metal surface in acid media. In one mode,
the neutral molecules may be adsorbed on the
surface of mild steel through the chemisorption
mechanism, involving the displacement of water
molecules from the mild steel surface and the
sharing electrons between the hetero atoms and
iron. The inhibitor molecules can also adsorb on
the mild steel surface on the basis of donor—
acceptor interactions between m-electrons of the
aromatic / heterocyclic ring and vacant d-orbital’s
of surface iron atoms. In second mode, since it is
well known that the mild steel surface bears
positive charge in acid solution.

Based on various facts, it can be said that
many natural compounds can be used as corrosion
inhibitors for mild steel in acidic media. Media that
inhibitor is used in is very important for selection.
The presence of aggressive ions and pH are
important parameters. Action mechanism is almost
same for most of the inhibitors. These inhibitors
form a protective layer by adsorption of
physiochemical constituents present in plants.
Higher inhibitor concentration and longer exposure
of mild steel in inhibitor solution lead to inhibition
efficiency increase. Molecular structure of the
inhibitor, Hetero atoms N, S, and o with free
electron pairs many aromatic compounds with
delocalized = electrons, and high molecular weight
of inhibitor fevours the inhibition efficiency.

ACKNOWLEDGEMENT:

The author wish to thank to all researchers
who contributed knowledge base study on
corrosion inhibition using natural inhibitors such as
plant leaves, seeds, and fruit extract. All the
research papers gave me thought over as another
natural alternative to protect metals. | sincerely
acknowledge the contribution of all researchers

DOI: 10.35629/5252-0204647655 | Impact Factor value 7.429 | 1SO 9001: 2008 Certified Journal Page 652



&

—

Volume 2, Issue 4, pp: 647-655

International Journal of Advances in Engineering and Management (IJAEM)
www.ijaem.net

JAEM
because of whom | thought to review and
completed this task.
REFERENCES:

[1}

[

[6

[

Philip A. Schweitzer, Fundamentals of
Metallic Corrosion, Corrosion Engineering
Handbook; Second Edition, Taylor and
Francis Group, CRC Press, New York,
(2007).

ASM Handbook, Failure Analysis and
Prevention, Product Code 06072G, ASM
International, Materials Park, Ohio, USA,
(2003)

R. Bhaskern, N. Palaniswamy, N. S.
Rangaswamy, and M. Jay Chandran, 'Global
Cost of Corrosion — A Historical Review,
Corrosion Materials, Vol. 13 B, ASM Hand
book, ASM Internationals, Materials Park,
Ohio, (2006)

L. R. Chauhan and G. Gunasekaran,
“Corrosion inhibition of mild steel by plant
extract in dilute HCI medium,” Corrosion
Science, vol. 49, no. 3, pp. 1143-1161,
2007.

Ambrish Singha , V. K. Singh a, M. A.
Quraishi , Effect of fruit extracts of some
environmentally benign green corrosion
inhibitors on corrosion of mild steel in
hydrochloric acid solution,J. Mater. Environ.
Sci. 1 (3) (2010) 162-174 .

K. Parameswari, S. Rekha, S. Chitra, E.
Kayalvizhy, Study on the Inhibition of Mild
Steel Corrosion by, Benzoisoxazole and
Benzopyrazole Derivatives in H2SO4
Medium Portugaliae Electrochimica Acta
2010, 28(3), 189-201.

H. Ashassi-Sorkhabi, D. Seifzadeh, and M.
G. Hosseini, “EN, EIS and polarization
studies to evaluate the inhibition effect of
3H-phenothiazin-3-one, 7-dimethylamin on
mild steel corrosion in 1 M HCI solution,”
Corrosion Science, vol. 50, no. 12, pp.
3363-3370, 2008.

R. A. Prabhu, A. V. Shanbhag, and T. V.
Venkatesha, “Influence of tramadol [2-
[(dimethylamino)methyl]-1-(3-
methoxyphenyl) cyclohexanol hydrate] on
corrosion inhibition of mild steel in acidic
media,” Journal of Applied
Electrochemistry, vol. 37, no. 4, pp. 491-
497, 2007.

M. A. Quraishi and R. Sardar, “Hector
bases—a new class of heterocyclic corrosion
inhibitors for mild steel in acid solutions,”
Journal of Applied Electrochemistry, vol.
33, no. 12, pp. 1163-1168, 2003.

[10].

[11].

(2]

(13}

[4).

(15}

[16].

[17]

(28}

[19]

(20}

Quraishi M A, Jamal D ,Investigation of
some oleochemicals as green inhibitors on
mild steal , Anticorrosion Methods and
Materials,47(2), (2000) 77.12.

H. Ashassi-Sorkhabi, D. Seifzadeh, and M.
G. Hosseini, “EN,EIS and polarization
studies to evaluate the inhibition effect of
3H-phenothiazin-3-one, 7-dimethylamin on
mild steel corrosion in 1 M HCI solution,”
Corrosion Science, vol. 50, no.12, pp. 3363—
3370, 2008.

M. A. Quraishi and R. Sardar, “Hector
bases—a new class of heterocyclic corrosion
inhibitors for mild steel in acid solutions,”
Journal of Applied Electrochemistry, vol.
33, no. 12,pp. 1163-1168, 2003.

R. A. Prabhu, A. V. Shanbhag, and T. V.
Venkatesha,“Influence of tramadol [2-
[(dimethylamino) methyl]-1-(3-
methoxyphenyl) cyclohexanol hydrate] on
corrosion inhibition of mild steel in acidic
media,” Journal of Applied
Electrochemistry, vol. 37, no. 4, pp. 491-
497, 2007.

Asha M. Turkustani ,Effect of Ajwan Seeds
as Safe Inhibitor on the corrosion of Steel in
2.0 M Sulphuric Acid, Modern Applied
Science ,vol.4,No.10,0ctober,2010.
M.Dahamani, A.Et.Touhami, S.S. Al Deyab,
B.Hammouti and A.Bouyanzer. Corrosion
Inhibition of C38 in 1M HCI: A comparative
Study of Black Pepper extract and its
isolated Piperine, International Journal of
Electrochemical Science,5 (2010) 1060-
1069.

Mohd. Hazwan Hussin and Mohd. Jain
Kassim Electrochemical Studies of Mild
Steel Corrosion Inhibition in  Aqueous
Solution by Uncaria gambir Extract Journal
of Physical Science, Vol. 21(1), 1-13, 2010.
U. F. Ekanem, S. A. Umoren ,I. I. Udousoro
, A. P. Udoh Inhibition of mild steel
corrosion in HCI using pineapple leaves,
Journal Material Science, 45:5558-5566.
Wang W, Ding Y, Xing DM, Wang JP, Du
LJ, Studies on phenolic constituents from
leaves of pineapple (Ananas comosus)].
(2006) J Chinese Mat Med 31:1242

Ma C, Xiao S, Li Z, Wang W, Du L. (2007)
Characterization ~ of  active  phenolic
components in the Annanas comosus L.
leaves using high performance liquid
chromatography, J Chromatography,.2007.
1165:39.

J. Buchweishaija and G. S. Mhinzi, “Natural
products as a source of environmentally

DOI: 10.35629/5252-0204647655

| Impact Factor value 7.429 | 1SO 9001: 2008 Certified Journal

Page 653


http://dx.doi.org/10.1016/j.corsci.2006.08.012
http://dx.doi.org/10.1016/j.corsci.2006.08.012
http://dx.doi.org/10.1016/j.corsci.2006.08.012
http://dx.doi.org/10.1016/j.corsci.2008.09.022
http://dx.doi.org/10.1016/j.corsci.2008.09.022
http://dx.doi.org/10.1016/j.corsci.2008.09.022
http://dx.doi.org/10.1016/j.corsci.2008.09.022
http://dx.doi.org/10.1016/j.corsci.2008.09.022
http://dx.doi.org/10.1007/s10800-006-9280-2
http://dx.doi.org/10.1007/s10800-006-9280-2
http://dx.doi.org/10.1007/s10800-006-9280-2
http://dx.doi.org/10.1007/s10800-006-9280-2
http://dx.doi.org/10.1007/s10800-006-9280-2
http://dx.doi.org/10.1023/B:JACH.0000003865.08986.fb
http://dx.doi.org/10.1023/B:JACH.0000003865.08986.fb
http://dx.doi.org/10.1023/B:JACH.0000003865.08986.fb
http://dx.doi.org/10.1023/B:JACH.0000003865.08986.fb

&

—

Volume 2, Issue 4, pp: 647-655

International Journal of Advances in Engineering and Management (IJAEM)

www.ijaem.net

JAEM
friendly corrosion inhibitors: the case of Leaves E-Journal of Chemistry , 2009, 6(4),
gum exudate from Acaciaseyal var. seyal,” 1003-1008.
Portugaliae Electrochimica Acta, vol. 26, no. [3] Sasmal D.,Sanjita Das and Basu S.P.
3, pp. 257-265, 2008. Phytoconstituents and therapeutic potential
[2] MaC, Xiao S, Li Z, Wang W, Du L (2007) J of Nyctanthes arbortristis linn,
Chromatogr A 1165:39 Pharcognonsy Review,2007,1(2). 344-349.
[22.  Villamil RFV, Corio P, Rubim JC, [32 Sathiya M,Parmila P.and Muthuchelian K,
Agostinho  SML  Effect of sodium Ethanobotanical Leaflets,2008,12,337-34.)
dodecylsulfate on copper corrosion in A. Sharmila, A. Angelin prema and P.
sulfuric acid media in the absence and Arockia Sahayaraj influence of Murraya
presence of benzotriazole Koenigii Extract on the the corrosion
[23]. Journal of Electroanalytical Chemistry, inhibition of carbon steel in HCI solution,
Volume 472, Issue 2, 30 August 1999, Pages Rasayan J.Chem; Vol.3, No.1 (2010),74-81
112-119 [33] D.K. Gupta, Jinendra Singh, “Corrosion
[4] E.E. Oguzie , V.0. Njoku , C.K Inhibitive Properties Of Different Plant
Enenebeaku, C.O. Akalezi and C. Obi , Extract, Archives Of Applied Science
Effect of hexamethylpararosaniline chloride Research; 2009, 1 (1): 51-56
(crystal violet) on mild steel corrosion in [3] Prabavathi nagarajana, J. Morris princya, J.
acidic media ,Corrosion Science ,Volume Christy ezhilarasia, D. Kavithaa and N.
50, Issue 12, December 2008, Pages 3480- Sulochanab, Natural Product Extract as Eco-
3486 . friendly Corrosion Inhibitor for Commercial
I Ahamad and M. A. Quraishi, “Mebendazole: Mild Steel in 1M HCI-Part 11 J. Ind. Council
new and efficient corrosion inhibitor for Chem., Vol. 26, No. 2, 2009.
mild steel in acid medium,”Corrosion [35]  Ambrish Singh, V. K. Singh,and M. A.
Science, vol. 52, no. 2, pp. 651-656, 2010. Quraishi ,Aqueous Extract of Kalmegh
[29] P. Bothi Raja and M.G. Sethuraman Studies (Andrographis paniculata) Leaves as Green
on the Inhibition of Mild Steel Corrosion Inhibitor for Mild Steel in Hydrochloric
by Rauvolfia serpentina in Acid Media, Acid Solution, International Journal of
Journal of Materials Science Engineering Corrosion, Volume 2010 (2010).
and  Performance, Volume  19July, [3] G. Trabenelli and F. Mansfeld, Corrosion
2010.761-764. Mechanisms, Marcel Dekker, New York,
[26] Niketan Patel, Anamika Rawat, Smita NY, USA, 1987.
Jauharia and Girish Mehtaa, Inhibitive [37. M. Shyamalay and A. Arulanantham ,Eclipta
Action Of Bridelia Retusa Leaves Extract Alba as Corrosion Pickling Inhibitor on
On Corrosion Of Mild Steel In Acidic Mild Steel in Hydrochloric Acid, J. Mater.
Media, European Journal Chemistry 1 (2) Sci. Technol., Vol.25 No.5, 2009 633
(2010) 129-133. [38]l Ritchie, I.M., Bailey, S., Woods, R. Adv.
[271  Elpe,U.J; Ebenso, E F. Ibok,U J.Journal of Colloid. Interface. Sci. 80 (1999) 183.
West Africcan Association,Volume [391 Trabenelli, G., Mansfeld, F. Corrosion
37,1994,13-16. Mechanisms Marcel Dekker New York
[28] P.Venkatesan, B. Anand and P. (1987)
Matheswaran, Influence of Formazan [40]  Ostovari', S.M. Hoseinieh, M. Peikari, S.R.
Derivatives on Corrosion Inhibition of Mild Shadizadeh and S.J. Hashemi Corrosion
Steel in Hydrochloric Acid Medium, E- inhibition of mild steel in 1 M HCI solution
Journal of Chemistry, 2009, 6(S1), S438- by henna extract: A comparative study of the
S444. inhibition by henna and its constituents
[29] Janaina Cardozo da Rocha José Antonio da (Lawsone, Gallic acid, o-D-Glucose and
Cunha Ponciano Gomes ' and Eliane D’Elia Tannic acid) Corrosion Science Volume
Corrosion inhibition of carbon steel in 51, Issue 9, September 2009, Pages 1935-
hydrochloric acid solution by fruit peel 1949.
aqueous extracts , Corrosion Science , [41 Badiea AM.,Mohana K.N., Inhibitive
Volume 52, Issue 7, July 2010, Pages 2341- Performance of Some Plant Natural Products
2348. on Low Carbon Steel Corrosion in Industrial
[0 R.Saratha and V.G.Vasudha,Inhibition of Water Medium, International Journal of

Mild Steel Corrosion in 1N H,SO, Medium
by Acid Extract of Nyctanthes arbortristis

Chemical Engineering Research Year
2009, Volume : 1, Issue : 1.

DOI: 10.35629/5252-0204647655

| Impact Factor value 7.429 | 1SO 9001: 2008 Certified Journal

Page 654


http://www.sciencedirect.com/science/journal/15726657
http://www.sciencedirect.com/science?_ob=PublicationURL&_tockey=%23TOC%235250%231999%23995279997%23121012%23FLA%23&_cdi=5250&_pubType=J&view=c&_auth=y&_acct=C000050221&_version=1&_urlVersion=0&_userid=10&md5=245faecfb1aeda3a917d55a7453eb562
http://www.sciencedirect.com/science/journal/0010938X
http://www.sciencedirect.com/science?_ob=PublicationURL&_tockey=%23TOC%235570%232008%23999499987%23730301%23FLA%23&_cdi=5570&_pubType=J&view=c&_auth=y&_acct=C000050221&_version=1&_urlVersion=0&_userid=10&md5=f40e74daf966a88395fe379637164cee
http://www.sciencedirect.com/science?_ob=PublicationURL&_tockey=%23TOC%235570%232008%23999499987%23730301%23FLA%23&_cdi=5570&_pubType=J&view=c&_auth=y&_acct=C000050221&_version=1&_urlVersion=0&_userid=10&md5=f40e74daf966a88395fe379637164cee
http://www.sciencedirect.com/science?_ob=PublicationURL&_tockey=%23TOC%235570%232008%23999499987%23730301%23FLA%23&_cdi=5570&_pubType=J&view=c&_auth=y&_acct=C000050221&_version=1&_urlVersion=0&_userid=10&md5=f40e74daf966a88395fe379637164cee
http://www.sciencedirect.com/science/journal/0010938X
http://www.sciencedirect.com/science?_ob=PublicationURL&_tockey=%23TOC%235570%232010%23999479992%232021736%23FLA%23&_cdi=5570&_pubType=J&view=c&_auth=y&_acct=C000050221&_version=1&_urlVersion=0&_userid=10&md5=21fa06d71caf2878971d1f28b09b2668
http://www.hindawi.com/82620506.html
http://www.hindawi.com/71094874.html
http://www.hindawi.com/72364981.html
http://www.hindawi.com/72364981.html
http://www.hindawi.com/72364981.html
http://www.sciencedirect.com/science/journal/0010938X
http://www.sciencedirect.com/science?_ob=PublicationURL&_tockey=%23TOC%235570%232009%23999489990%231393069%23FLA%23&_cdi=5570&_pubType=J&view=c&_auth=y&_acct=C000050221&_version=1&_urlVersion=0&_userid=10&md5=e3def0d00cf364598ceb50119a652878
http://www.sciencedirect.com/science?_ob=PublicationURL&_tockey=%23TOC%235570%232009%23999489990%231393069%23FLA%23&_cdi=5570&_pubType=J&view=c&_auth=y&_acct=C000050221&_version=1&_urlVersion=0&_userid=10&md5=e3def0d00cf364598ceb50119a652878
http://www.sciencedirect.com/science?_ob=PublicationURL&_tockey=%23TOC%235570%232009%23999489990%231393069%23FLA%23&_cdi=5570&_pubType=J&view=c&_auth=y&_acct=C000050221&_version=1&_urlVersion=0&_userid=10&md5=e3def0d00cf364598ceb50119a652878

&

S

Volume 2, Issue 4, pp: 647-655

International Journal of Advances in Engineering and Management (IJAEM)

www.ijaem.net

JAEM

[43 C.S.S.R. Kumar, M. Srinivas, S. Yakkundi, B0l  Tebbji, K., Hammouti, B., Oudda, H.,
Limonoids from the seeds of Azadirachta Ramdani, A., Benkaddour, M. Appl. Surf.
indica. Photochemistry, Oxford 43(2): 451- Sci. 252 (2005) 1378.

455, Bl O. Schaaf, A. P. Jarvis, S. A. van der Esch,

[44] K.K. Singh ,Neem: A Treatise,1 Review,l. G. Giagnacovo, N. J. Oldham, Rapid and
K. International Pvt Ltd, 2009 - Science - sensitive analysis of azadirachtin and related
546 pages.. triterpenoids  from Neem (Azadirachta

45 L. Valek, S. Martinez, Copper corrosion indica) by  high-performance  liquid
inhibition by Azadirachta indica leaves chromatography-atmospheric pressure
extract, in 0.5 M sulphuric acid, MATER chemical ionization mass spectrometry. J.
LETT, 61 (2007) 148-151 (CC) Chromatogr. A 886 (2000) 89.

[46]. Lei Zhao, Chang-Hong Huo ,Li-Ru Shen, B2, S.A. Umorena, 1.B. Obota,, E.E. Ebensob,
Yan YangQing Zhang ,Qing-Wen Shi N. Obi-Egbedic Studies on the Inhibitive
Chemical Constituents of Plants from the Effect of Exudate Gum from Dacroydes
Genus Melia, Chemistry & Biodiversity, edulis on the Acid Corrosion of Aluminium,
Volume 7, Issue 4, pages 839-859, April Portugaliae Electrochimica Acta 26 (2008)
2010. 199-209.

(47 N. S. Patel, s. Jauhari and G. N B3 N.O. Eddy, A.O. Odiongenyi, (2010)
Mehta, Inhibitive Effect by Acid Extract of "Corrosion inhibition and adsorption
Ficus Exasperata Leaves on the Sulphuric properties of ethanol extract of Heinsia
Acid Corrosion of Mild Steel, E-J Chem., crinata on mild steel in H2SO4", Pigment &
2009, 6(S1), S189- S194. Resin Technology, Vol. 39 Iss: 5, pp.288 —

[48. M.S. Nair, S. Gopal, D. Issac, D, Nimbolide 295
Inhibits TNF-a-induced phosphorylation of [54.  P. Bothi Raja,M. G. Sethuraman ,Strychnos
IxBa. (1997) Phytochemistry 46, 1177- nux-vomica an eco-friendly corrosion
1178. inhibitor for mild steel in 1 M sulfuric acid

[49. N. S. Patel, S. Jauhari and G.N. Mehta, medium, Materials Letters, Volume 62,

Mild Steel Corrosion Inhibition by Bauhina
Purpurea Leaves Extract in 1N Sulphuric
acid ,Arabian J. Sc. & Engr. 34 (2009) 61.

Issue 1, 15 January 2008, Pages 113-116.

DOI: 10.35629/5252-0204647655

| Impact Factor value 7.429 | 1SO 9001: 2008 Certified Journal

Page 655


http://www.google.co.in/search?tbo=p&tbm=bks&q=+inauthor:%22K.K.+Singh%22
http://books.google.co.in/books?id=PyYRUCoIDk4C&dq=B.S.+Siddiqui,+F.+Afshan,+S.+Faizi,+Tetrahedron+57+(2001)10281&sitesec=reviews
http://www.google.co.in/search?tbo=p&tbm=bks&q=+subject:%22Science%22&source=gbs_ge_summary_r&cad=0
http://onlinelibrary.wiley.com/doi/10.1002/cbdv.v7:4/issuetoc
http://www.sciencedirect.com/science/journal/0167577X
http://www.sciencedirect.com/science?_ob=PublicationURL&_tockey=%23TOC%235585%232008%23999379998%23674257%23FLA%23&_cdi=5585&_pubType=J&view=c&_auth=y&_acct=C000050221&_version=1&_urlVersion=0&_userid=10&md5=bd461dc9d326cf786a19b66bfd94595b
http://www.sciencedirect.com/science?_ob=PublicationURL&_tockey=%23TOC%235585%232008%23999379998%23674257%23FLA%23&_cdi=5585&_pubType=J&view=c&_auth=y&_acct=C000050221&_version=1&_urlVersion=0&_userid=10&md5=bd461dc9d326cf786a19b66bfd94595b

