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Abstract

The corrosion inhibition effect of Azadirachta indica (AZI) leaves extract on corrosion of mild steel (MS) in a acetic acid
solution has been evaluated by weight loss (WL), potentiodynamic polarization (PDP) and electrochemical impendence
spectroscopy (EIS) techniques. Corrosion rate (CR) increases with the increase in acid concentration. At constant inhibitor
concentration, CR increases with increase in acid concentration, while inhibition efficiency (IE) decreases. The CR decreses
as inhibitor concentration increases, while percentage of IE increases with inhibitor concentration. AZI showed maximum
IE of 81.37% at 1.0g/L inhibitor concentration in 0.5 M acetic acid. Polarization measurements indicats that AZI can
function as mixed-type of inhibitor. The negative value of free energy of adsorption (AG°,s) and enthaly of adsorption
(AH°y;) indicated that the adsorption of inhibitor is spontenious and exothermic. The lover value of energy of activation (E,)
for the unhibited system compare to inhibited system, indicate that the inhibitors are more effective at lower temperature. The
results shows that there is a good agreement between WL and elecrochemical techniques.

Keywords: Corrosion, Mild steel, Acetic acid, AZI, WL, PDP, EIS.

Introduction

Corrosion is defined as the destructive attack of a metal by
chemical or electrochemical reaction with its environment,
resulting in the loss of material properties. A severe corrosion of
material may result in tremendous economic loss as well
environmental impact to some extent. MS is considered as low
carbon steel having carbon content of 0.05-0.25%. MS is most
important material, extensively used in construction and
industries  like  petroleum,  chemical,  petrochemical,
transportation industries etc. Acetic acid is an important
chemical reagent and industrial chemical, mainly used in the
production of cellulose acetate, polyvinyl acetate, plastic, acetic
anhydride and in textile processing industry. Diluted acetic acid
is often used in descaling agents. In the food industry, acetic
acid is used under the food additives as an acidity regulator and
as a condiment. Many researchers had been studied the
corrosion inhibition of MS in acetic acid by using various
inhibitors™®.

In order to protect the metal from corrosion several techniques
have been applied. Among these the use of inhibitors is one of
the most practical and efficient methods for protection metals
from corrosion. The corrosion inhibitors are substances which
effectively reduce the rate of corrosion when added in very
small gautnties®.

The known hazardous effect of most synthetic corrosion
inhibitors is the motivation for the use of some natural products.
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Nowadays there is growing attention towards eco friendly
corrosion inhibitions “green corrosion inhibitors”. Such
inhibitors are biodegradable, cheap, eco-friendly, readily
available and renewable sources of materials, and ecologically
acceptable’.

Azadirachta indica, commonly known as neem, is a member of
mahogany family, Meliaceae®. Neem plants grow in various
countries in the world, including Asia, Africa, America, and
Australia®. It is native to India, Bangladesh, Thailand, Nepal,
Cambodia, Laos, Myanmar and Pakistan®. It grows well in
tropical and sub-tropical regions. It has been used in Ayurvedic
medicine for more than 4000 years due to its medicinal
properties. In India, this tree is called Divine tree, Wonder tree,
Free tree of India, Nature’s drugstore, Village Pharmacy,
Panacea for all diseases™.

Neem trees are attractive broad-leaved evergreens in all season
that can grow up to 30m tall and 25m in girth. Neem leaves
serve as antibacterial, antifungal, anti inflammatory,
immunomodulatory, antihyperglycemic, antiulcer, antifungal,
antibacterial, antimutagenic, anticancer, antimalarial, antiviral,
antioxidant'®*®.  The tree is popular for its pharmacological
attributes such as hypolipidemic, microbicidal, antidiabetic,
hepatoprotective, insecticidal, nematicidal, neuroprotective,
cardioprotective, and antileishmaniasis properties**. Besides
these uses, there are several other reports on the biological and
pharmacological actions such as antipyretic, antiseptic and
antiparalitic™™.
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Neem leaves are useful for chickenpox, increase immunity of
the body; reduce fever caused by malaria, treating various foot
fungi, useful against termites, used in curing neuromuscular
pains. Bathing with Neem leaves is beneficial for itching and
other skin diseases. Various researchers’**"? studied AZI
leaves extract as an green corrosion inhibitor for various metal
in acidic solutions. The purpose of the present study is to
investigate the corrosion inhibition ability of AZI leaves extract
for MS in acetic acid solutions by using WL, PDP and EIS
techniques.

Materials and Methods

Preparation of sample and solution: The size of the test
specimens used for the study is 4.5x2.0x0.2cm having an
effective area of 0.2097 dm® were prepared from MS sheet
having chemical composition of (wt %) C = 0.25 Mn = 0.50, Si
= 0.35 P =0.09, S = 0.07 and Fe = 98.74. First the test
specimens were cleaned by washing with distilled water and
degreased by acetone and again washed with doubled distilled
water then dried by air dryer and weighted by using electronic
balance. The various concentration of acetic acid, 0.5, 1.0, 1.5,
and 2.0 M was prepared by diluting analytical grade acetic acid
in double distilled water, was used as corrosive media.

Extraction of plants: Leaves of AZI were collected and dried
in oven, grounded to powder. 10 g of the powder was refluxed
in 500 ml double distilled water for 3h. The reflux obtained was
allowed to stand for 24 h, then filtered and stored. This filtrate
was reducing to 100ml. This extract so obtained were used in
preparing 0.1, 0.25, 0.5 and 1.0g/L of the extract solutions™".

Weight loss (WL) measurement: For WL measurement,
previously weighed MS specimens were each suspended and
completely immersed in 230 ml of 0.5, 1.0, 1.5 and 2.0 M acetic
acid solution as corrosive medium in absence and presence of
different concentrations of AZl leaves extract for 24h
immersion period at 3031 K. Only one specimen was
suspended in each glass beaker of 250 ml capacity. After 24
hours (1 day) of immersion period, each samples were
withdrawn from the test solution and were cleaned by using
Clark’s solution, prepared by dissolving 2% Sb,O3; and 5%
SnCl, in 100 ml concentrated HCI at room temperature with
constant stirring for about 15-20 minutes®***. After cleaning the
test specimens were washed with distilled water followed by
acetone and then dried with air dryer and re-weighted. The
difference in weight before and after immersion period was
taken as WL. Thereafter, CR was calculated from WL data by
using following equation-1.

CR (mg/ dmzd) — (Weight loss in gram x 1000) (1)

Area in dm?2. day

Where: dm? = exposed area in desimeter?, (dm” = 100 cm?)

From the WL measurements, the % IE of the inhibitor were
calculated using following equations
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Wu-Wwi
Wu

IE(%) = X 100 (2)
Where: W, and W; are the weight loss (mg/dm™) of MS in the
uninhibited and inhibited acid solution, respectively.

The same WL measurements were also carried out at different
temperatures like 313 323 and 333 K in 200 ml 1.0 M acetic
acid as corrosive medium by using thermostat with an accuracy
of £ 0.5°C for an immersion period of 2 h. After exposure
period, the test specimens were removed form soltions and CR
was determined. The experiment was carried out without and
with the inhibitor having concentration of 0.1, 0.25, 0.50 and
1.00 g/L. From the WL data at different temperature, inhibition
efficiency (% IE) and thermodynamic parameters like Energy of
activation (E,), Free energy of adsorption (AG®,s), Enthalpy of
adsorption (AH®,s) and Entropy of adsorption (AS°us) were
calculated.

Potentiodynamic polarization (PDP) measurements: For
polarization study, the test specimens having an area of 1 cm?
were immersed in 200ml of 0.5M acetic acid at constant
temperature of 298 K without and with 1.0g/L of AZI leaves
extract as inhibitor. A platinum electrode used as auxiliary
electrode and Ag/AgCl electrode was used as a reference
electrode. The MS specimens act as a working electrode.
Initially OCP was measured as a function of time, and after the
stabilization of the electrode at OCP, the polarization
measurements were carried out. The change in potential was
measured by potentiostate (CH instrument model- CHI608C,
made in USA). Polarization curves were plotted as potential
against log current density (called Tafel plots). Cathodic and
anodic polarization curves corresponds to cathodic and anodic
Tafel lines. From the intersect point of cathodic and anodic
Tafel lines the value of corrosion current (l.,,) and the corrosion
potential (Ecqrr) can be measured®. Cathodic Tafel slope (B,) and
anodic Tafel slope (B,) were calculated directly from the
software installed in the instrument.

The % IE from Iy, was calculated from the following
equation®;

1 .
LE % = corr , u corr , i x 100 (3)

Icorr ,u

Where: lcory and leongy are the corrosion current density for
uninhibited and in inhibited system respectively.

Electrochemical Impedance Spectroscopy (E1S)
measurements: The EIS measurements were carried out by
using CH instrument (model- CHI608C, made in USA) at room
temperature of 298 K, at frequency range of 1 KHz to 100 KHz
with a AC amplitude of 5 mV. By ploting the real impedence
(Z) versus imaginary impedence (-Z’’). The Nyquist plots were
obtained in absence and presence of 1.0 g/L concentrations of
AZI leaves extract using 0.5 M acetic acid as corrosive medium.
From the Nyquest plots the charge transfer resistance (R and
double layer capacitance (Cg;) were calculated.
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To calculate the value of ‘Cy’ the frequency at which the
imaginary component of impedance (-Z’’max) is maximum was
found as presented in following equation®*%.

1
Ca = 7®
T max Ret

4
Where, ‘Fpq’ is the frequency at the maximum height of the
semicircle on the imaginary axis and ‘R’ is the charge transfer
resistance.

% IE was calculated by EIS method using following equation-5.

Rct (i)—Rct (u)

0L —
LE. (%) = Cdl (uninhi .)

x 100 )

Where: Ry is double layer capacitance for uninhibited acid and
Rei) Is double layer capacitance for inhibited acid.

Results and Discussion

Effect of acid concentration: The data presented in Table-1
indicates that as the acid concentration increases CR also
increases. The CR was 486.41, 629.47, 767.76 and 891.75
mg/dm?d corresponding to 0.5, 1.0, 1.5 and 2.0 M acetic acid
concentrations respectively.At given inhibitor concentration, the
% IE decreases with the increase in acid concentration. At 1.0 g/
L inhibitor concentration, the % IE of AZI leaves extract was
81.37, 81.06, 80.24 and 78.08 % with respect to 0.5, 1.0, 1.5 and
2.0 M acetic acid concentrations respectively (Table-1).

Res. J. Chem. Sci.

Effect of inhibitor concentration: At constant acid
concentration, as the inhibitor concentration increases corrosion
rate decreases while % IE increases. At 0.5 M acetic acid
concentration the % IE was found to be 69.60, 71.57, 77.45 and
81.37 % correspond to 0.10, 0.25, 0.50 and 1.0g/L inhibitor
concentration respectively (Table-1).

Effect of Temperature: In order to study the effect of
temperature on corrosion of MS in acetic acid and corrosion
mechanism, the WL measurements were carried out at different
temperature like 313, 323 and 333 K, in 1.0 M acetic acid as
corrosive medium. From the data presented in Table-2, it is
reviled that as the temperature increases the CR increases and
%IE decreases for given concentration of inhibitor.

Energy of activation (E;): With the help of Arrhenius
equation® as shown below, the value of energy of activation
(E,) has been calculated.

Pz _ _Ba (1 1
log p;  2303R (T1 TZ) (6)
Where, p; and p, are the CR at temperature T, and T,
respectively.

The Arrhenius plot for the inhibition of the corrosion of MS in
acetic acid is shown in Figure-1. The value of E, presented in
Table-2. The obtained by Arrhenius plot is in good agreement
with value of E, obtained by calculation value of (E,).

Table-1: Effect of acetic acid concentration on CR & IE of AZI leaves extract on MS for an immersion period of 24h at 303+1 K.

Inhibitor Acid concentration
Concentration 05M 1.0 M 1.5M 20M
oL CR IE CR IE CR IE CR IE
(mg/dm?d) (%) (mg/dm?d) (%) (mg/dm?d) (%) (mg/dm?d) (%)
Blank 486.41 629.47 767.76 891.75
0.1 147.83 69.60 190.75 69.69 233.67 69.56 276.59 68.98
0.25 138.29 71.57 181.21 71.21 224.14 70.80 262.28 70.59
0.5 109.68 77.45 147.83 76.52 190.75 75.16 228.90 74.33
1.0 90.61 81.37 119.22 81.06 152.60 80.24 195.52 78.07

Table-2: Temperature effect on the CR and value of (E;,) for the corrosion of MS in 1.0 M acetic acid containing AZI leaves extract

for an immersion period of 2 h.

Inhibitor Temperature Energy of activation

- Concentration 313K 323K 333K (E) (k mol™)
Inhibitor a
(9/L) CR IE CR IE CR IE | Mean | From Arrhe-
(mg/dm?d) | (%) (mg/dm?d) | (%) | (mg/dm®d) (%) nius plot

Blank 858.37 1430.62 2288.98 42.04 42.47
0.1 400.57 53.33 915.59 36.00 1831.18 20.00 | 65.75 65.84
Azadirachta 0.25 343.35 60.00 686.69 52.00 1201.72 47.50 | 54.16 54.30
indica 0.5 228.90 73.33 515.02 64.00 915.59 60.00 | 59.82 60.12
1.0 171.67 80.00 343.34 76.00 629.47 7250 | 56.24 56.29
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As shown from the data presented in Table-2, the value of E, for
inhibited system are ranging from 54.16 to 65.84 kJ mol™,
which is higher than that of uninhibited system (42.04 kJ mol™).
The increase in E, in presence of inhibitor has been associated
with physisorption of the adsorptive film onto the metal surface.
Higher values of E, in the inhibited system compared to
uninhibited system associated with increasing the energy barrier
for the corrosion process, by the inhibition action of the AZI
leaves extract, emphasizing electrostatic character of the
inhibition (physisorption)®*“°.

Adsorption isotherm: Basic information on the interaction
between inhibitors and a metal surface can be provided using
the adsorption isotherm*. The surface coverage ‘0’ suggest that
a chemical bond is formed between the metal atoms and the
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inhibitor molecules. The Langmuir adsorption isotherm can be
represented by following equation-7.

Cinh — 1

0 Kads

+ Cinh (7)

Where, Ciy, is inhibitor concentration and K.y is equilibrium
constant of adsorption process. The value of surface coverage 60
(6 =W, - W; / W,) were calculated directly from the % IE of the
inhibitor obtained from WL measurements at room temperature.
A plot of extract concentration C/6 versus C is represented in
Figure-2., which gives straight line with slope values equal to
unity indicates that the system follows Langmuir adsorption
isotherm*,

| eblank ®0.1g/L

mO0.25 g/L

A05g/L M10g/L |

£ 3

log p (corrosion rate,
N N N N

N N D o

2.95 3

1/T X1000 K
5 3.1

3.15 3.2 3.25

Figure-1: Arrhenius plot for corrosion of MS in 1.0 M acetic acid solutions in absence and presence of AZI leaves extract.
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Figure-2: A plot of Langmuir adsorption isotherm for AZI Extract in 2.0 M acetic acid at 303 K.
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Free energy of adsorption (AG°.): In order to calculate
thermodynamic parameters, The Langmuir adsorption isotherm
was also established for different temperature of 313, 323 and
333 K and the intercept give the value of K. The Ky value is
directly related to standard free energy of adsorption AG®qs
according to following equation®.

@ (<) ©

Where, K,qgs intercept of the plot of inhibitor concentration ‘C’
versus C/0 for different temperature.

Kads =

Csolvent

Table-3: The standard thermodynamic parameters for the
adsorption of AZI leaves extract on MS surface.

Temp. AH° AS°® AG°®
(K) ads " ads ads ads
kI mole™® | kJmole? | JmoleK™ | kJmole*
313 18.18 -53.09 -116.92 -16.50
323 12.34 - -116.95 -15.32
333 8.62 - -116.93 -14.16

From the data presented in Table-3, the value of AG°,; are
negative and ranges from -14.16 to -16.50kJ mol™, concluded
electrostatic interaction between MS surface and inhibitor
molecule to be physically adsorbed on the MS surface® . The
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value of AG®, around -20kJ mol™ is related with electrostatic
interaction between charge molecule and metal surface
(physisorption), while the higher value of AG°. than -40 kJ
mol™ consider coordinate type of bond by charge sharing or
transfer between the inhibitor molecules and the metal surface
(chemisorption)*. As the negative value of AG®, is related to
spontaneous reaction, the adsorption of AZI leaves extract on
MS surface is spontaneous.

Heat of adsorption (AH®,4): From the Vant Hoff equation as
follows, the heat of adsorption AH°,s were calculated using
following equation®.

—H°%ds

In K45 = + constant (10)

Where, ‘R’ is gas constant and ‘T is absolute temperature.

As the concentration of inhibitor is not so large, the value of
heat of adsorption obtained from the graph In K versus 1/T is
standard heat of adsorption shown in Figure-3.

As given in Table-3, the negative value of AH°,, indicates the
exothermic adsorption of inhibitor molecule on MS surface,
leading to rise of rate of desorption process of the adsorbed
inhibitor molecule from the mild steel surface with increase in
temperature®’.

2.5

In K

1.5

0.5

2.95 3 3.05

31
1000/T

3.15 3.2 3.25

Figure-3: Vant Hoff plot.
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Entropy of adsorption (AS°ads): The entropy of adsorption
AS,4s Was calculated according to thermodynamic basic equation
as follows™.
ASoads = AHoads - AGoads /T (11)
The negative value of AS°g4 for AZI can be ascribed by
possible formation of metal complex on the MS surface®.

Potentiodynamic Polarization study: From the PDP study
electrochemical parameters of corrosion of MS in acetic acid
can be evaluated. From the Tafel plot the value of corrosion
potential (E..y), corrosion current density (ler), the value of
Tafel slope (Ba and Bc) were measured and presented in Table-
4.

From the data presented in Table-4, it was observed that the I,
and CR is decrease on addition of AZI leaves extract in acid
solution compare to blank. It may be due to adsorption of the
components of the AZI leaves extract on MS surface. From the
data it was found that the value of E,, for uninhibited system
was -0.610 V, while in presence of the inhibitor the value of
Ecorr i -0.656 V. Generally, an inhibitor is said to be anodic or a
cathodic if the variation of E, to the blank is higher of about
85 mV*"L. In the present study, the difference of the value of
Ecor Was 46 mV (Table-4) which suggest that the AZI leaves
extract is functioning as a mixed type of inhibitor. %IE of the
inhibitor was directly calculated from corrosion current density
leorr Obtained for inhibited and uninhibited system and were
presented in Table-4. %IE calculated from Tafel plots well
agreed (within £ 7%) with the values obtained from WL data.
Figure-4 represents the PDP curves MS specimen in 0.5M acetic
acid for blank and in presence of 1.0g/L concentration of AZI
leaves extract as inhibitor.

From the PDP curve it was observed that in presence of the
inhibitor the curve moved tovard lower current density compare
to blank, without much change in the value of Egy. This
suggests that AZI leaves extract inhibits the corrosion of MS in
acetic acid by forming a adsorbed surface film without changing
the mechanism corrosion. Both the anodic and cathodic Tafel
slope (B, and B¢) of inhibited system have changed with respect
to blank system, shows polarization of both the anodes as well
as the cathodes as from Figure-4.
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Figure-4: Polarization curves of MS in 0.5 M acetic acid in
absence and in presence of 1.0 g/L AZI inhibitor.

EIS measurement: From the ESI measurement, the typical
Nyquist plot was obtained by plotting real impedance (Z’)
versus imaginary impedance (Z”) for corrosion of MS in 0.5 M
acetic acid without and with AZI leaves extract at room
temperature of 298 K as shown in Figure-5(a) and in Figure-
5(b). The value of ‘R’ and ‘Cqy’ were calculate and presented in
Table-5.

50.0 4 =
450 Blank
40.0
35.0
30.0

25.0

-7" | ohm

20.0
15.0
10.0 -
&

5.0

P
0 T T T T T T T
12000 130.0 140.0 150.0 160.0 170.0 130.00 190.0 200.0

Z' / ohm

Figure-5(a): The Nyquist plot for corrosion of MS in 0.5 M
acetic acid without AZI leaves extract.

Table-4.: The electrochemical parameters of corrosion of MS in 0.5 M acetic acid in presence and absence of 1.0 g/L AZI leaves

extract as inhibitor, from Polarization measurements at 298 K.

E Tafel slopes(V/ decade) I.E. (%) calculated from
System (\C;Sr leorr Anodic Cathodic Tafel constant | WL method PDP
(MA/ cm?) (+Ba) (-Bc) ® V) method
Blank -0.610 244 5.195 4.659 1.0679 - -
AZI -0.656 63.12 5.534 4,981 1.1398 81.37 74.13

B = Tafel constant, p= (Ba X Bc) / [2.3 (Ba + Bc)]
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Azadirachta indica
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Figure-5(b): The Nyquist plot for corrosion of MS in 0.5 M
acetic acid containing 1.0 g/L of AZI.

The almost semicircle, not perfect semicircle appearance of
Nyquist plot was observed as shown in Figure-5(a) and Figure-
5(b). The variation from perfect semicircle has been attributed
to frequency dispersion®’. The almost semicircle nature of the
impedance plots indicates that the corrosion of MS is mainly
controlled by charge transfer process®™. The diameter of
capacitive loop is bigger in presence of AZI leaves extract as
inhibitor than that in the absence of it. The higher value of R is
related to high frequency capacitive loop. The electrochemical
parameters obtained from ESI measurement for corrosion of MS
in 0.5 M acetic acid with and without of 1.0g/L AZI leaves

extract as inhibitor are represented in Table-5.
Table-5: The electrochemical perameters obtained from EIS.
R c I.E. (%)
System °, d Calculated from
(€ em’) | (uF/em’) EIS method | WL method
Blank 56.22 145 - -
AZI 250.73 5.707 77.80 81.37

The addition of inhibitor increases R value from 56.22 to
250.73 Q cm?, while the Cg4 value tend to decrease from 145 to
5.707 pF/cm? in presence of inhibitor, which may be due to the
adsorption of AZI leaves extract component on MS surface. The
increase in the value of Ry was caused by adsorption of the
inhibitor molecules by gradual replacement of water molecules
on the MS surface to form a protective film which reduces
dissolution of metal®’. The decrease in Cg values, caused by a
decrease in local dielectric constant and/or an increase in the
thickness of the electrical double layer, suggests that the water
molecules are replaced by inhibitor molecules®. This decrease
in double layer capacitance Cy, indicates the formation of a
protective inhibitor layer on the MS surface.

Mechanism of AZI leaves extract: As natural product AZI
leaves extract is composed of numerous naturally occurring
organic compounds. The structures of the main active chemical
compounds present in AZI leaves extract are shown:
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CO:Me

azadirachtin
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g
nimbidin . . salannin
Structures of main constitutes of AZI leaves exract.

According to earler studies aqueous AZI leaves extract is
organic in nature and contains phytochemicals like protein,
azadirachtin,  tetranortriterpenoid, triterpenes, liminoids,
steroids, tannin, saponin, anthraquinone, steroids, alkaloid,
terpens, phenols, and glycosides'#**?". The most important

active  constituent of  AZI leaves  extract  are
azadirachtin, nimbolinin,  nimbin, nimbanene, nimbidin,
nimbandiol, sodium nimbinate, gedunin, salannin, and
quercetin®®.

The presence of compounds like these in AZI leaves extract
may have contributed to the inhibitory action exhibited against
corrosion of MS in acetic acid. Neem leaves are exceedingly
bitter due to the high tannin content as well as the presence of a
series of complex triterpene glycosides in their composition®.
The inhibitive properties of tannins result from reaction of the
polyphenolic fraction of the tannin molecule with metal ions,
thereby forming a highly cross-linked network of metal tannate
moieties, which ensures effective protection of the metal
surface®®. Tannins are made up of polyphenols and their acidic
and heterocyclic derivatives. These constituents were composed
mostly of oxygen-containing organic compounds. Furthermore,
these compounds also may form complexes with the metallic
cations. These complexes can cause blockage of micro anodes
and or micro cathodes that are generated on the surface under
corrosive conditions, and hence can retard the dissolution of the
metal®. Lone pairs of elecrons are peresent on oxygen (O),
sulphur (S) and nitrogen (N) atoms, by which they can be
absorbed on the metal surfase. The creation of adsorption layer
of component of AZI leaves extract on metal surface make a
barrier for charge and mass transfer leading to a dissolution of
MS in corrosive environment. As a result, the corrosion rate of
the metal is decreased in presence of the extract. Eddy and
Mamza®® alsosupport that there is interaction between the
component of AZI leaves extract and the surface of MS.
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According to Nahl’e et al.®* tannins have ability to form

tanninate salts with ferric ions. Ferric tanninate salt can form
highlt cross -linked network on metal surface that protect the
metal from corrosion. Similarly, triterpenes also have functional
groups such as (OH, C = O, C = C) that can be interact with the
metal surface and protect it from the attack of acid.

Conclusion

The study concludes that, The CR of MS increases with the
increase in acetic acid concentration. The AZI leaves extract
found to be effective corrosion inhibitor for MS in acetic acid,
and the %IE increases with increase inhibitor concentration.
AZI leaves extract shows 81.37% as maximum %IE at inhibitor
concentration of 1.0 g/L. The inhibition mechanism follows the
Langmuir adsorption isotherm. The negative values of AG®ys
suggest the spontaneous adsorption of inhibitor molecule onto
the MS surface.The PDP measurement indicates that the AZI
leaves extract behaved as a mixed type of inhibitor.The
conclusion obtained from PDP and EIS measurements are in
good agreement with WL data with marginal variation due to
limitations of the technique itself.
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