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Abstract:- The corrosion inhibition of Newbouldialeavis
(NL) leaf extract on mild steel in alkaline media was
investigated in this study. The plant leaf extract's
functional groups comprise of oxygen and nitrogen
atoms (O-H, N-H, C-N, C-O, C=0, and CN) as well as
aromatic rings, according to FTIR data.Phytochemical
analysis showed the presence of tannins, saponins,
phytates, phenolics, flavonoids, cardiac glycosides and
alkaloids. The results also showed that mild steel
exhibits a considerable shift to passivation within the
examined potential range. The inhibitors’ molecules
created an excellent protective coating on the mild steel,
according to SEM micrographs. Adsorption of plant
extracts on metal surfaces was spontaneous and
occurred via the physical adsorption process.The
measurements of gravimetric, thermometric,
potentiodynamic  polarization and electrochemical
impedance spectroscopy results showed that the
inhibition efficiency rose with increasing concentration
of inhibitors and decreased with increasing temperature.
The findings of the potentiodynamic polarization
indicated that the plant leaf extracts were mixed-type
inhibitors because Ecorr value greater than 85mV
confirms that the NL extract is a mixed-type inhibitor.
The findings of electrochemical impedance spectroscopy
demonstrated that adding inhibitors enhanced the
charge-transfer resistance of the corrosion process and
hence the inhibition performance. The inhibition effiency
(IE%) in the presence of 200mg/l and 1000mg/l of NL
inhibitor was gotten to be 71.2% and 87.9% respectively
for 1M KOH medium and 95.6% and 97.1% respectively
for 1M NaOH medium. Quantum chemical parameters
indicated that the inhibitor molecules' active ingredients
slowed the corrosion of mild steel as was confirmed by
density functional theory.

Keyword:- Alkaline corrosion, electrochemical impedance
spectroscopy, Density Functional Theory (DFT), potentio
dynamic polarization or quantum chemical calculations.

I INTRODUCTION

Metals or their alloys deteriorate via reactions when
they are subjected to extreme conditions in the environment
[1]. An increase in industrial activities has led to new
dimensions of corrosion problems and has necessitated
research into the protection of metals like mild steel [2].
Mild steel is a choice metal in many engineering
applications, constructions and other services because of the
protective layer of oxide it forms when attacked [3], its
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attractive mechanical properties [4] and its relatively
affordable price [5]. The tendency for any material to
corrode largely dependent on the metal’s structural
composition through the various formative steps, for
instance, the alloying process [6]. In the same vein, in
extreme or aggressive conditions such as acidic or alkaline
media, they will be descaled, pickled [7], and have reduced
ductility [8] hence deteriorating [9] with the impact ranging
from mild to severe [10]. Generally, the impact of corrosion
is felt gradually by the metallic material in form of
operational complications [8]. Some factors like the Gibb’s
free energy playvital rolesin the corrosion of metals as they
initiate thermodynamic imbalance causing the metal to
return to its natural oxide state and thereby corrode in the
process.

Also the methods used to deal with corrosion include
coatings, cathodic protection and the use of inhibitors [11].
Among the many methods of dealing with the problem of
corrosion, the most common technique is corrosion
inhibition since it is efficient and simple to use[12].
Inhibitors of corrosion are used to slow down the pace of
corrosion[13] or to effectively retard the process [14] by
preventing the formation of chloride ions or a more resistant
oxide film [4] with the aid of surfactants molecules which
are good for surface and interface interactions [15].
Inorganic inhibitors of choice are those of phosphate
compounds namely; disodium hydrogen phosphate,
disodium monofluoride phosphate, zinc phosphate and
lithium zinc phosphate [14].Compounds with functional
electronegative groups or electrons in triple or conjugated
double bonds are the best inhibitors[7] for instance pigment
in paint coating [8], expired drugs [16] and chemical
medicinces[17] like quinoxaline and pyrazine[18]. Despite
their effectiveness, inorganic inhibitors are toxic and
constitute a danger to our environment [10] and are highly
recalcitrant and persistent due to the presence of chromates
and phosphates [5]. Synthesized inhibitors are good in
corrosion prevention, however, their usage has been greatly
marred by their toxicity to living organisms and the
environment [19] and their high cost of manufacture [5].

In pursuance of the green revolution and by way of
achieving sustainable development goals, affordable [20]
non-toxic, biodegradable and environmentally sustainable
[2] and friendly inhibitors are used [6]. These biomasses are
natural, cheap and readily available plant leaf extracts
containing biological components known as phytochemicals
[21] such as quinolones, quinoxaline[22], tannin, alkaloids
and nitrogen bases, carbohydrates, amino acids and proteins
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[23]. The natural plant leaf extracts are suitable for
application in corrosion inhibition and are equally
affordable, readily available and renewable. Generally, these
plant extracts form protective coating on metal surface
which will inhibit the corrosion process [24].The efficiency
depends on the structure and make-up of the adsorbed layer.
Organic inhibitors create chelates on metal surfaces by
transferring electrons from the inhibitor to the metal surface
due to lone pair and Pi-electron [4]. In addition, steel
passivation in alkaline environment can be attributed to the
development of an extremely thin yet highly protective
oxide/hydroxide layer containing nitrogen and sulphur
atoms [25, 26] by displacing water molecule to form
compact barrier film [23]. This is strengthenedby the
HOMO and LUMO (the highest occupied molecular orbital
and lowest empty molecular orbital) (the geometry of the
inhibitor molecules at their ground state and the nature of
their molecular orbitals) [22]. Using response surface
methodology (CCD) modelling, Emembolu, Onukwuli [13]
achieved an inhibitory efficiency of 82.93% under the ideal
conditions of 0.055g/I acid concentration, 333k temperature,
and 2.75h immersion time. Chaudhari and Vashi
[1]investigated theHenna leaves' inhibitory effect on mild
steel in an acetic acid medium. It was found that corrosion
rate increased with concentration of acid while the corrosion
inhibition  increased as  concentration of leave
extractincreasd. This present work aims investigaing the
inhibition efficiency of Newbouldialeavison mild steel in
KOH and NaOH medium by measurement of the
electrochemical impedance spectroscopy, potentiodynamic
polarization and quantum chemical studies.

1. EXPERIMENTAL

A. Material collection and preparation

The New bouldialeavis leaf and other materials used in
this research work were locally sourced from Awka in
Anambra state of Nigeria. All chemicals and reagents used
are of analytical qualityand do not require further
purification. Mild steel samples containing P (0.02%), Mn
(0.11%), Si(0.02%), S(0.02%), Cu(0.01%), C (0.23%),
Ni (0.02), Cr (0.01%), and Fe (99.56%) were mechanically
cut into piecesof5cm x 4 cm in size with
a thickness of 0.1 cm. The mild steel pieces were cleaned
and polished with emery cloths of varied grades (200, 400,
600, 800 and 1000) to expose the shiny polished surface. Qil
and organic impurities were removed using acetone and
subsequently washed with distilled water, dried and stored
in a desiccator. For accuracy, the weights of the mild steel
pieces were obtained in triplicates and labelled
systematically.

B. Extraction of New bouldialeavis Extract (Inhibitor)

New bouldialeavis (NL) samples collected were
identified at Faculty of Biosciences, NnamdiAzikiwe
University, Awka.NL leaves weighing 40g were washed in
distilled water and dried for two days at room temperature.
The leaves were subsequently reduced to powder in order to
maximize their surface area, and then they were submerged
in 500ml of ethanol in a beaker and covered for 48 hours.
The mixture was filtered to remove the solid particles and
the ethanol- extract solution gotten. The extract (inhibitor) in
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the solution was concentrated by evaporating the ethanol
through heating. The solution was made in various
concentrations of 1M NaOH and KOH with inhibitor
concentrations of 200mg/I and 1000mg/I.

C. Characterization Studies

Instrumental characterization of Newbouldialeavis leaf
extracts was performed using Fourier transform infrared
spectroscopy (FTIR) and Scanning Electron Microscope
(SEM). FTIR analysis was carried out before and after the
corrosion process to determine the functional groups present
in the extract before and after the process and the ones left
on the inhibited medium (the corrosion products). While the
scanning electron microscope was used to analyse the
surface structure of the mild steel coupons in the uninhibited
and inhibited mediums before and after the corrosion
process respectively. Phytochemical analysis was run on the
New bouldialeavis leaf extract using the method specified
by Emembolu and Onukwuli [24]. This was done to
determine the presence of tannin, saponin, polyphenoals,
flavonoids, alkaloids, cardiac glycosides and quinolones [27,
28]

D. Electrochemical Studies

Mild steel coupons were cut and prepared for the
electrochemical experiment so that just 1 cm was left
exposed enabling simple removal of the coupons at the
conclusion of each experimental run. The electrodes were
degreased by ethanol, rinsed with distilled water, polished
with emery sheets ranging from 600 to 1000, and dried in
acetone. Utilizing a corrosion system and VERSASTAT 300
complete dc voltmeter together with V3 studio software for
electrochemical impedance spectroscopy, electrochemical
experiments were carried out in a three-electrode corrosion
cell. A mild steel sample, known as the working electrode, a
platinum electrode, known as the auxiliary electrode, and a
reference electrode (a saturated calomel electrode), are the
three electrodes. 20mL of electrolyte were utilized in the
corrosion setup. In a water bath with a constant temperature,
the corrosion was examined. This improves temperature
regulation. Then, potentiodynamic polarization tests were
performed using a potentiodynamic/Galvanostat corrosion
system and E-chem software. A saturated calomel electrode
(SCE) was employed as the reference electrode and a
graphite rod served as the counter electrode [23]. They were
connected by a lugging capillary. At the end of the 1800s,
impedance measurements were made in aerated and
unstirred solutions at a temperature of 3010C. With a signal
amplitude perturbation of 5 mV, impedance measurements
were conducted at corrosion potentials (Ecorr) spanning the
frequency range of 100 KHz-0.1 Hz. Using Nyquist plots
and the inhibition efficiency (IE%) for various inhibitor
doses.

Rescimi — R
IE% = <M> x 100 (1)
Rct(inh)

Where Re and Rt (inny denote charge transfer resistance
in the absence and presence of inhibitor.
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E. Potentiondynamic polarization

Potentiodynamic polarization tests were conducted for
mild steel between -250 and +400 mV and in the potential
range of 250 mV vs corrosion potential at a scan rate of
0.333 mVs-1. To ensure that the data could be reproduced,
each test was carried out three times. At a temperature of
30°C, all experiments were conducted in freshly produced
solutions. Equation (2) was used to determine the inhibition
efficiency.

i . —1 .
IE% — corr(uninh)~tcorr(inh) X 100

lcorr(uninh)

O]

Where icorruninhy @nd icorrginny are the corrosion current
density values without and with inhibitors, respectively.
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1. RESULTS AND DISCUSSIONS

A. Characterization Results

» FTIR results

FTIR results revealed that the plant leaf extracts contain
oxygen and nitrogen atoms (O-H, N-H, C-N, C-0O, C=0
and C=N) and aromatic rings in their functional groups.
There were reductions in peaks of the functional groups of
the corrosion products compared to the peaks of the pure
leaf extracts from FTIR analysis. Table 1.0 presents the
analysis of pure Newbouldialeavis leave extract and
scratched mild steel oxide film. O-H  stretches showed
peaks of 3675.66cmol2/kJ2 shifted to O-H stretch (3329.04
cmol2/kJ2); C-H stretch (2761.99-3119.74 cmol2/kJ2)
shifted to C-H stretch 3174.74 cmol?/kJ2 and C=C, C=N
stretches shifted to 2187.22 C=C, C=N aromatic stretches,
N-O (1435.09 cmol2/kJ2) asymmetric stretch shifted to
N=0 (1292.28 cmol2/kJ2) symmetric stretch. C-H bend in
the plane (1003.77 cmol2/kJ2) shifted to 921.96 cmol2/kJ2.
C=H-H, Ar-H bend out of the plane. The adsorption
operation in this analysis indicated that the extracts were
adsorbed on the surface of the metal.

Table 1: Peak, intensity and assignment of FTIR analysis of New bouldialeavis extract and scratched mild steel oxide film using

KOH.
Newbouldialeavis leaves extract scratched mild steel oxide film.
Peak Intensity Assignment Peak Intensity Assignment
(cmol2/kJ2) (cmol2/kJ2)

1003.77 1.1243 C-H bend in the plane 921.96 2.6189 C=C-H, Ar-H bend out of the plane

1269.46 1.1964 C-O stretch 1168.84 3.3746 C-O stretch
1261.42 2.8867

1435.09 0.2010 N-O asymmetric stretch 1292.28 2.1001 N-O symmetric stretch

1619.13 2.7641 C=C stretch, C=N stretch 1600.88 2.617 C=C stretch, C=N stretch

2027.20 2.44843  C=C stretch, C=N stretch 2187.22 2.0436 C=C stretch, C=N stretch
2310.66 2.5063

2436.90 2.654 C=C stretch, C=N stretch 2156.36 2.6264 C=C stretch, C=N stretch
2403.24 2.6979

2761.99 1.4541 C-H stretch 2804.42 2.8647 C-H stretch

3119.74 1.7401 C-H stretch 3174.74 2.5713 C-H stretch

3675.66 5.5670 O-H stretch 3329.04 4,1986 O-H stretch

» SEM results

SEM images showed that the molecules of the
inhibitors created a strong protective coating on the mild
steel. The metal surfaces were clearly harmed by corrosion
in the absence of the inhibitor, according to the electron
micrographs, but the damage is far less in the presence of
the inhibitor. This is related to the inhibitors' ability to
effectively build a protective coating on the metal surfaces
[29]. The findings of the weight loss strategy are closely
correlated with the micrographs. This concurs with the
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earlier research by Loto and Popoola [30]. The morphology
of the MS surface in Fig. 1a shows that the surface was
severely degraded in the absence of inhibitors, with patches
of typical uniform corrosion. Even so, the rate of corrosion
was slowed down in the presence of the green inhibitors in
Fig. 1b because the inhibitor formed an adsorbed coating on
the surface of the MS. The inhibitory efficiency evaluations
made using the chemical and electrochemical methods
reveal the protective character of the coating.
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Fig 1: The micrograph of corroded mild steel surface in 1M KOH, (a) without Newbouldialaevisleaf extract (b) with
Newbouldialaevisleaf extract.

B. Phytochemical analysis results

Phytochemical analysis showed the presence of tannins,
saponins, phytates, phenolics, flavonoids, cardiac glycosides
and alkaloids. The presence of these components indicates
that the extract contains the active ingredients necessary for
the corrosion inhibition process to occur.

C. Potentiodynamic Polarization for MS

The potentiodynamic polarization for MS in KOH and
NaOH was evaluated in the absence and presence of
Newbouldialeavis. The results depicted in Fig. 2 are typical
anodic and cathodicpotentiodynamic polarization curves of
mild steel in 1 M NaOH and 1 M KOH in the absence and
presence of Newbouldialeavis. It is obvious that both
samples display significant transition to passivation within
the potential range investigated. Considering the similarity

of the polarization curves for mild steel, one would expect a
similar corrosion mechanism for both specimens. Based on
the electrochemical parameters presented in Table 2, it is
clear that the mild steel specimen was more susceptible to
corrosive attack in the uninhibited environment compared to
inhibited ones. This result is in line with[31]. The
polarization curves indicate that the anodic dissolution
reaction was predominantly affected compared to the
cathodic reaction which was less perturbed, with similar
results having been reported by [32]. The increased number
of active sites could be responsible for the observed increase
in the kinetics. The Ecor value greater than 85mV confirms
that the NL extract is a mixed-type inhibitor as it recorded
an Ecorvalue of 467 and 476 for 1M solution of NaOH and
KOH, respectively [4].
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Fig. 2: Potentiodynamic polarization curves of mild steel in (a) 1M KOH and (b) 1MNaOH in the absence and presence of
Newbouldialeavis
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Table 2: Polarization parameters for mild steel in 1M KOH and 1M NaOH in the absence and presence of various plant extracts

System KOH NaOH
Newb.leavis Econr(MV/SCE)  leonr(UA/CM?)  IE%  Eeon(MV/SCE)  leon(WA/CM?)  1E%

1M - 529 196.2 -452 288.6

200mg/L - 536 57.6 70.6 -450 108.7 62.3

1000mg/L - 476 24.1 87.7 -467 38.8 86.6
D. Electrochemical Impedance Spectroscopy (EIS) the electrode surfaces received more protection. The

Measurements for MS Helmholtz equation gives significant experimental evidence

In both the presence and absence of Newbouldialeavis, of inhibitor adsorption because the double-layer capacitance
the electrochemical impedance spectroscopic (EIS) (Cdl) for mild steel in both solutions decreased with an
measurement of mild steel in NaOH and KOH solutions was increase in inhibitor concentration. In other words, the
investigated. The impedance spectra plots for mild steel in adsorption of organic components of Newbouldialeavis
NaOH and KOH in the uninhibited and inhibited solutions (with lower dielectric constant than the displaced water
are shown in Figs. 3 and 4. The relevant impedance molecules) on the metal/solution interface causes a decrease
parameters are listed in Table 3. The plots display a single in the dielectric constant and/or an increase in the double
depressed capacitive semicircle over the studied frequency layer thickness, which causes the lower Cdl values [4,33].
range that is related to a single Bode Plot time constant. The Therefore, greater Rct values at higher Newbouldialeavis
interfacial charge transfer resistance (Rct) and the capacitive concentrations suggest improved extract adsorption on the
loop's diameter are both related to how charges are mild steel surface, delaying the aggressive environment's
transferred across the metal/solution contact. Similarity attack during the corrosion reaction process [4, 33]. The
between the graphs for mild steel in the two alkaline variation in Rct values provided a quantitative assessment of
solutions suggests comparable corrosion mechanisms. the protective impact.The values of achieved inhibitory
However, the mild steel semicircle's smaller size in the efficacy are shown in Table 3. Due to the intrinsic changes
unconstrained NaOH and KOH solutions suggests reduced in the features of each technique, there are very tiny
charge transfer resistance, leading to a higher vulnerability differences in the computed inhibitory efficiency values
to corrosion (Table 3). In both the presence and absence of from icorr and Rct values. For instance, the impedance
NaOH and KOH, Newbouldialeavis hindered the corrosion measurements are performed (at Ecorr and with minimum
response without altering the mechanism of the corrosion current transfer) on unaltered metal surfaces. In the presence
process in either system because its addition raised the of 200 mg/l and 1000 mg/l of the NL inhibitor, the
impedance of mild steel in both solutions. The equivalent inhibitory efficiency (IE%) was measured to be 71.2% and
circuit model Rs (QdIRct), which is often used to simulate 87.9% for 1M KOH medium, respectively. While 200 mg/I
the steel/acid interaction, was fitted to the impedance and 1000 mg/l of NL inhibitor, respectively, resulted in
spectrum to investigate it. It is evident from the data in 95.6% and 97.1% inhibition efficiency for 1M NaOH
(Table 3) that Rct for both systems rose as medium. This demonstrates that 1M NaOH or KOH had a
Newbouldialeavis concentration increased, indicating that greater inhibitory effect than 1M KOH.
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Fig. 3: Impedance spectra of mild steel in 1M NaOHsolution in the absence and presence of Newbouldialeavis: (a) Nyquist, (b)
Bode modulus and (c) Bode phase angle plots
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Fig. 4: Impedance spectra of rhild steel in 1M KOH solution in the absence and presence of Newbouldialeavis: (a) Nyquist, (b)
Bode phase angle and (c) Bode modulus.

Table 3: Electrochemical parameters for Mild steel in uninhibited and inhibited NaOH and KOH in Newbouldialeavis

System RL1 (Qcm?) Rs(Qcm?) Ret(Q cm?) Ca(UF cm 2) IE %
1 M KOH 6.2 2.13 98.7 3.12

200 mg/L 412 3.23 400.2 154 71.2
1000 mg/L 1988 3.67 512.5 1.02 87.9
1 M NaOH 7.6 2.06 27.5 3.62

200 mg/L 187 2.73 622 3.27 95.6
1000 mg/L 1124 3.33 932.3 2.99 97.1

E. Quantum Chemical Study for the mechanism of

inhibition

It is clear from our first experimental findings that the
corrosion-inhibiting properties of the active ingredients N-
methyl-3,4methylenedioxy phenylpropan-3-amine (NMPA)
of NL extracts are due to their adsorption on the mild steel
surface. Density functional theory (DFT) has been used to
precisely analyze data pertaining to molecular geometries
and electron distributions and define the mechanism of
inhibition by NL extracts, which has served to further
corroborate our findings. Following geometric optimization
for all nuclear coordinates, the parameters were generated.
The adsorption centers in these molecules, which are in
charge of interacting with the metal surface, may be
accurately predicted using the frontier molecular orbital
theory. The total electron density, the Fukui functions for
electrophilic (F-) and nucleophilic (F+), and the highest
occupied electrons are shown in Fig. 5(a) to (g).the lowest
unoccupied molecular orbital (LUMO), which is the highest
orbital in a molecule, and the highest orbital in a molecule.
The heteroatoms found in the compounds under study
predominately occupy the HOMO and LUMO energy
orbitals. The adsorption centers of the inhibitors were
estimated using the Mulliken charge analysis. The surface of
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mild steel has a high capacity for adsorbing negatively
charged atoms. The donor—acceptor interaction between
inhibitor molecules and the metal surface is what causes the
adsorption of inhibitor molecules on the metal surface. A
flat-lying adsorption orientation was seen as a result of the
electron density being delocalized all around the chosen
molecules. The degree of surface coverage increases as a
result of the increased contact caused by this orientation.
However, the quantum chemical approach's calculated
properties, The reactivity of these molecules can be
determined from their estimated properties using a quantum
chemical technique, but this reactivity cannot be directly
transferred to the effectiveness of their ability to prevent
corrosion, which requires additional processes such
competitive adsorption, film formation, etc. As a result,
optimizing the inhibitor structure was not possible using the
correlations that were generated. Equation (3) was used to
calculate the adsorption energy (Eads), which is crucial for
describing the adsorption of these molecules onto the Fe
surface.

(3)

Eads = Etotal - (Einhibitor - Esurface)
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Einhibitor, Esurface, and E[o[al Stand fOI’ the energy Of a
single molecule of these chosen active components, the
energy of the Fe slab without adsorption, and the overall

(a) Electron density

(d) HOMO

(P Side view
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energy of the system, respectively.The order of the
calculated adsorption energy for the selected active
constituents of the inhibitors is presented in Table 4.

(9) Top view

Fig. 4: Electronic properties of N-methyl-3,4methylenediOxy phenylpropan-3-amine
(a) Electron density, (b) electrophilic f (), (c) nucleophilic f (+), (d) HOMO, (e) LUMO (f) side view of the snapshot for N-
methyl-3,4 methylenedioxy phenylpropan-3-amine from molecular dynamics model. (g) top view of the Snapshot for N-
methyl-3,4 methylenedioxy phenylpropan-3-amine from molecular dynamics model. Atom legend: white = H; grey = C;
red = O. The blue and yellow isosurfaces depict the electron density difference: the blue regions show electron
accumulation while the yellow regions show electron loss.

Table 4: Calculated quantum chemical properties for the most stable conformation of N-methyl-3,4methylenediOxy
phenylpropan-3-amineconstituents of the NL extract

Molecule Enomo(eV) ELumo(eV) AE(eV) Adsorption Energy Molecular surface Area
(Kcal/mol) A)
NMPA -5.363 -1.249 3.83 -53.6 252.1
V. CONCLUSIONS all around the selected molecules is the cause of the

Corrosion inhibition of NL extracton mild steel in 1M
NaOH and KOH solutionns using different corrosion
techniques was studied in this work. An increased number
of sites upon exposure of mild steel to an alkaline solution
led to an increase in the kinetics of both partial reactions via
the formation of several electrochemical corrosion cells. A
slight disparity noticed in the electrochemical impedance
measurement of inhibition efficiency was due to the position
of the metal surface used with a particular technique. In this
paper, the research findings were validated using the
Density Functional Theory (DTF) approach. This
demonstrated that the delocalization of the electron density
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accelerated kinetics of the metal-inhibitor interaction. As a
result, higher Rct values at higher NL extract concentrations
demonstrate improved extract adsorption on the mild steel
surface, which helps the surface resist the harsh
environment's attack throughout the corrosion reaction
process. The modest variations in the computed inhibitory
efficiency values between the Rct and icorr values can be
attributed to the inherent properties of each technique.
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