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Unveiling the corrosion inhibition efficacy and
stability of silver nanoparticles synthesized using

Anacardium occidentale leaf extract for mild steel
in a simulated seawater solution
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Plant extracts used as corrosion inhibitor for mild steel usually degrade as the temperature increases above

room temperature. In this study, we used Anacardium occidentale (cashew leaf) extract to synthesize silver

nanoparticles for improving mild steel's inhibition stability under salinized conditions. Cashew leaves were

used as a reducing agent to synthesise silver nanoparticles. The functional group of the silver nanoparticles

was determined using Fourier transform infrared spectroscopy. Electrochemical impedance spectroscopy

and potentiodynamic polarisation were used to study the corrosion behaviour under simulated seawater by

varying the silver nanoparticle concentration between 0.1 and 0.3 g L%, Scanning electron microscopy and

atomic force microscopy were used to obtain information about the surface of the corroded sample. The
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green silver nanoparticles reduced the corrosion of mild steel up to 90.5% at 40 °C and 90% at 80 °C. At 80 °

C, the AgNPs are biochemically and thermally stable, exhibiting a 90% inhibition efficiency. It was

DOI: 10.1039/d4ra02362e

rsc.li/rsc-advances steel in simulated seawater.

1. Introduction

The use of sustainable materials has gained the attention of
researchers around the world today. This is due to the eco-
friendly, renewable, biodegradable and non-toxic behavior of
the sustainable materials that have been used in various sectors
such as energy and power, advanced material development,
aviation, drug delivery, tissue engineering, automobiles,
defense, and corrosion migration.”” In the area of corrosion
migration, the use of sustainable materials such as plant
extracts has been a focus of research and development in recent
years. This is due to the non-toxic behavior of the plant extracts
as compared with the toxic conventional inhibitors for mild
steel.® Plant extracts such as those from terebinth,® water-
melon,' nettle leaves," tomato pomace,'” Piper guineense,"
unripe banana peel, cellulose and starch,” and the
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established that silver nanoparticles from cashew leaves can be used to improve the stability of mild

inflorescence of Musa acuminata*® have been used in mild steel
anti-corrosion applications in various sectors. However, it was
concluded that plant extracts as corrosion inhibitors get slightly
degraded with temperature and time, which reduce the plant
extract inhibitor efficacy for mild steel at temperatures above
room temperature.*'® As a result of these limitations, scientists
have made an effort to decorate or modify plant extracts to
enhance their efficacy when used as corrosion inhibitors above
room temperature.

Recent studies have focused on the potential modifications
that can be applied to plant extracts to improve their resilience
against biodegradation. Extracts have been combined modifi-
cations such as sulfate ions,' acetylacetonate,* zinc salt and
zinc oxide,* and potassium iodide.”” These additions improved
the effectiveness of plant extracts because of their synergistic
effects.” However, the use of these reagents is not eco-friendly
or sustainable. Recently, researchers have developed silver
nanoparticles (AgNPs) using plant extracts as a reducing agent
to enhance the corrosion efficacy of plant extracts. Scientists
have prepared silver nanoparticles using methods involving
Macrolepiota,” Garcinia gummi-gutta leaf” and Elaeis gui-
neensis.”® They all reported improvements in the corrosion
inhibition of mild steel.>”*

The literature above clearly demonstrated the potential of
using plant extract-synthesized silver nanoparticles as mild
steel corrosion inhibitors. However, despite its recent use in
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various areas, there has been limited research on the use of
cashew leaf extract to synthesize AgNPs. For instance,
researchers have used the cashew leaf synthesis of AgNPs to
enhance the dielectric properties of epoxy composites, enhance
the high tension conductivity of AlL,>* and improve the wear
behavior and electrical conductivity of Al composites. In this
work, we investigate the corrosion prevention by using cashew
leaf extract to synthesize AgNPs of mild steel in simulated
seawater. Thus, the current work builds upon previous foun-
dation papers. However, more information on the crystalline
characteristics, corrosion inhibitory behavior, and adsorption
behavior will be covered in this work.

2. Materials and method
2.1 Materials

Table 1 shows the composition of the API 5L pipeline mild steel
sample used for the work. The sample was trimmed to 1 cm by
1 cm in size in order to create a functional electrode. In
compliance with ASTM D 1141, artificial seawater was used to
develop the high-salinity solution.

2.2 Method

2.2.1 Production of the CLE and CLE-AgNPs. The cashew
leaf was washed with distilled water and dried. The dried leaves
were then ground using a Retsch Planetary Ball Mill PM 400,
and the extract (CLE) was then extracted from the ground
cashew leaves. A standard procedure was used, which was based
on the instructions given in the study by.>* To make CLE-AgNPs,
the cashew leaves were cleaned, and then 100 mL of AgNO;
solution and 100 mL of ethanol were added. The reaction was
heated to 100 °C using an electric oven and spun at 2000
revolutions per minute. The heated solution was centrifuged for
one hour in compliance with the procedure outlined in the
literature to obtain CLE-AgNPs (see Fig. 1).2>2

2.2.2 Preparing the API 5L steel. A piece of mild steel (one
centimetre by one centimetre) was used as the test material. The
samples were subjected to abrasion using metallurgical grit
sheets ranging in grade from 120 to 1200, washed with ethanol,
and dried with hot air.

2.2.3 Electrochemical analysis. Electrochemical tests using
the CHI660D electrochemical equipment determined the
corrosion behavior. We conducted the experiment using
a standard three-electrode setup. The 1 cm? piece of mild steel
(the working electrode) and AgCl (the reference electrode) were
placed inside a 250 mL beaker of 3.5% NaCl simulated sea water
separately with 0.1, 0.2, and 0.3 g L' CLE and 0.2 g/LCLE-
AgNPs. The ranges of CLE and AgNPs used were determined
after several experimental trials. The open-circuit potential
(OCP) was scanned for 3600 seconds to initiate the electro-
chemical investigation. The potentiodynamic polarization was

Table 1 Mild steel API 5L pipeline composition

View Article Online

Paper

determined at —0.5 V to +0.5 Vat 0.5 mV s~ '. Ranges of 0.1 Hz to
0.5 MHz were used for the EIS corrosion test in the simulated
seawater. Eqn (1) and (2) were used to determine the inhibitory
efficiency and polarization resistance.

(corr.rate) | — (corr.rate);

%IE =
’ (corr.rate),

(1)

BB
2-3icorr(6a + ﬂc)

where i.,, = current density, 8, = anodic constant, 8. =
cathodic constant, (corr.rate), = control sample, and (corr.rate);
= inhibited sample.

2.2.4 Characterization of the samples. The transmission
electron microscopy model JEM-2100F was used to determine
the structure and sizes of the CLE-AgNPs. The functional groups
of the CLE and CLE-AgNPs were determined using FTIR spec-
troscopy. The wavelengths of absorption in the range of 400-

Ry (2)

800 nm were used to determine the UV-visible spectroscopy of
the CLE and CLE-AgNPs. The corroded surface was examined
with the scanning electron microscope model: VEGA 3 TESCAN.

3. Results and discussion
3.1 TEM image of the CLE-AgNPs

The TEM examination revealed the size and structure of the
CLE-AgNPs, as depicted in Fig. 2. The particles, clearly spherical
in shape and randomly distributed with 45 to 65 nm particle
sizes, demonstrate that the AgNPs can enhance the inhibition
efficacy of the plant extract by producing a passive layer to cover
the steel surface, aligning with the findings of ref. 3 and 4. The
EDS shows high Ag peaks, indicating that the CLE was effective
as a reducing agent in the production of CLE-AgNPs. This is
consistent with the work of ref. 24-26.

3.2 X-ray diffraction (XRD), UV-Vis spectra and FTIR analysis
of CLE and CLE-AgNPs

XRD patterns of the CLE and CLE-AgNPs are displayed in Fig. 3a
and b. It is evident that the spectra of CLE-AgNPs exhibit four
peaks, whereas the plant extract CLE exhibits reduced diffrac-
tion angles and identifiable peaks. The diffraction spectrum
seen in the CLE may be explained by the matrix's amorphous
nature, which leads to glass diffraction, and the lack of metallic
crystal. On the other hand, the CLE-AgNPs spectra showed
peaks at 260 = 38.01°, 45.82°, 64.38°, and 77.45°. The findings
verify that these peaks line up with the face center cubic (FCC)
structure’s 311 (26 = 30.5°), 111 (26 = 38.11°), 220 (26 = 42.52°),
and 200 (20 = 63.58°) planes. All of the peaks are sharp and do
not expand, indicating that the NPs' crystal structure is free of
flaws.

Mn Si P
2.19 0.207 0.280

Element C
Amount (Wt%) 0.12
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S
0.075

Cr Mo Ni Ti Fe
0.120 0.0055 0.0066 0.074 Bal.
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Fig. 1 Photograph of (a) leaves of cashew (b) mixture of ANOs + leaves of cashew (c) CLE-AgNPs.

Fig. 3c displays the UV-Vis spectrum of CLE and CLE-AgNPs.
Despite taking the solution's spectrum at 10 minute intervals,
Fig. 3c only displays the beginning and final spectra. The
plasmon resonance absorption band made by CLE-AgNPs had
a different wavelength and absorbance value than the band
made by the pure CLE extract. The CLE absorption occurred at
pmax = 515 nm, while the CLE-AgNPs absorption occurred at
PMAax = 455 nm after the full Ag" ion bio-reduction reduction.
The CLE-AgNPs' absorbance values did not vary across the large
absorption range. Most of the plant extract-produced silver
nanoparticles in the literature display plasmon absorption in
the 400-500 nm region, aligning with the typical Ag plasmon.*”
This finding makes it easier to synthesize AgNPs,>** and
increases the CLE-AgNPs' absorption capacity on mild steel
compared to using the CLE alone.

The CLE-AgNPs' FTIR spectra resembled that of CLE
(Fig. 3d). Significant peaks were seen in the extracts at 3800,
2500, 1500, and 1100 cm™". On the other hand, these absorp-
tion peaks for the CLE-AgNPs were more intense at 3800 and
1500 cm . The Ag" in the extract, which displays more intense

Fig. 2 TEM/EDS of the CLE-AgNPs.

© 2024 The Author(s). Published by the Royal Society of Chemistry
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FTIR peaks at this point, may enhance the adsorption ability of
the CLE-AgNPs. Researchers attributed the 2500 cm™ ' peak to
either the stretching of C-CH; or C-CH, vibrations.> The
3800 cm ™' peak may indicate -N-H stretching vibrations or
intermolecular hydrogen-bound -OH stretching vibrations. In
the CLE-AgNPs' spectra, the stretching of the H-N vibrations
often produces a single, sharp, strong peak at 3800 cm*, while
the stretching of the C=C of the unsaturated ketones N-H
amine leads to the absorption peak at 1500 cm ‘. The
1100 cm " feature was associated with CH=CH-, and had good
interaction with silver ions. This raises the plant extract's
temperature and increases its absorption capacity. The func-
tional groups that cap AgNPs provide the CLE-AgNPs' surface
with electron-rich sites and higher adsorption compared to the
CLE.

3.3 Open circuit potential (OCP)

Fig. 4 displays the OCP results; it was evident that the inhibited
surface shifted the potential to higher positive values as

Spectrun 25

RSC Adv, 2024, 14, 18395-18405 | 18397


http://creativecommons.org/licenses/by-nc/3.0/
http://creativecommons.org/licenses/by-nc/3.0/
https://doi.org/10.1039/d4ra02362e

Open Access Article. Published on 10 June 2024. Downloaded on 12/10/2025 5:52:15 PM.

Thisarticleislicensed under a Creative Commons Attribution-NonCommercial 3.0 Unported Licence.

(cc)

RSC Advances

a) 22000 4

20000 <

1000 18000 o

2
3

14000 o

Intensity (counts)
g B
8 8

Intensity (counts)

2004 8000 4

000 4

View Article Online

Paper

A o

2Theta (degree)

CLE-AgNPs

Absorbance (a.u)

CLE

600 800 1000 1200
Wavelength (nm)

2Theta (degree)

d)

Transmittance (a.u)
P
|

:
024 oE

T T T T T T T
4000 23500 2000 2500 2000 1500 1000 500
Wavelength (cm™)

Fig. 3 XRD spectra of (a) CLE and (b) CLE-AgNPs. (c) UV-Vis spectra of CLE and CLE-AgNPs. (d) FTIR analysis of CLE and CLE-AgNPs.
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Fig. 4 Variation of the potential with time.

compared with the sample without inhibition over 3600 s.
These findings suggest that the inhibitors influence other
cathodic corrosion processes, as well as hydrogen development.
The UV and FTIR results above demonstrate that the CLE-AgNPs
exhibit a higher potential than the CLE due to their higher
adsorption ability. Nonetheless, the entire sample exhibits
a steady state potential throughout the OCP duration. This is
consistent with the work of ref. 30.

18398 | RSC Adv, 2024, 14, 18395-18405

3.4 Potentiodynamic polarisation

Fig. 5 displays the samples' Tafel plots. Table 2 displays the
electrochemical parameters obtained from the polarization
curve analysis. It was evident that the mild corrosion resistance
increased as the inhibition concentration increased from 0 to
0.3 g L', The values for the corrosion potential (Ecor) and
current density (I.,;) were obtained by fitting curves in the
Echem Analyst programme. Changes were observed in both
anodic and cathodic E.,,, values, indicating that the inhibitor
may work as a mixed-type.*® Specifically, an increase in extract
content causes a drop in I .., which in turn causes the corro-
sion rate to decrease. The present study's findings are consis-
tent with earlier research, which showed that an increase in the
amount of inhibitor decreased the I.,, and increased the
polarisation resistance.** The heteroatoms in the extract,
adsorbing onto the mild steel surface and reducing the contact
between the mild steel and the corrosion medium, were
responsible for the decrease in the corrosion rate.*

Table 2's inhibition efficiency results revealed that 0.3 g L™*
produced a higher inhibitory effectiveness of 83.2% and 94.3%
for CLE and CLE-AgNPs, respectively. The inhibitor simulta-
neously decreases iron dissolution and slows down hydrogen
formation. Research demonstrates that the extract blocks the
available reaction sites by adhering to the mild steel's surface in
the anodic region of the Tafel curve. As the extract concentra-
tion rises from 0 to 0.3 g L', the surface coverage increases,
reducing the corrosion rate and current density. This

© 2024 The Author(s). Published by the Royal Society of Chemistry
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Fig. 5 Variation of the current density with the potential.

demonstrates how a barrier layer covered the surface of the mild
steel. The formation of passive films, which separate the mild
steel from the corrosion medium, produce a protective coating.
This delays the dissolution of metallic ions, which was attrib-
uted to the higher inhibition efficiency of CLE-AgNPs.

It has been observed that there are small changes in the
values of the Tafel slopes of 8. and @,, suggesting that the
extract functions as mixed inhibitors. While the reaction
mechanism stays the same, the cathodic hydrogen evolution
and anodic iron dissolution processes diminishes. It was clear
that the anodic branch slopes and related anodic Tafel constant
(B.) values for all nanoparticle solutions were very different from
the cathodic branch and constant (8,) slopes. This shows that
the AgNPs have a strong influence or effect. Additionally, we
observed a shift in the E.,, values towards higher values,
thereby reinforcing the Tafel constant trend and demonstrating
a significant anodic impact. These findings suggest that the
adsorption potential of CLE-AgNPs more significantly affects
the anodic reaction than the cathodic reaction. The OCP

Table 2 Results of the potentiodynamic polarisation
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measurement confirms this trend, indicating that processing
the extract into nanoparticles (AgNPs) enhances its anticorro-
sion behavior. This may be because the CLE-AgNPs extract has
a higher adsorption capacity; there are more electron clouds,
which allow for the adsorption onto mild steel surfaces. The
inhibition efficiency increases with AgNPs content, but remains
relatively constant when compared to the plant extract.

3.5 EIS analysis of the samples

Fig. 6a and b shows the Bode phase and Nyquist plots in the
corrosive medium for mild steel and in a saline solution. EIS
fitting was used to get this data using the circuit model shown
in Fig. 6¢c. The Nyquist curve displays a characteristic depressed
semicircle pattern, and the diameter of the semicircle positively
correlates with CLE and CLE-AgNPs, in line with previous
research.®’

The Bode phase angle also demonstrated that the steel
surface and electrolyte only make one contact. One possible

S]
gL™! Eeorr (V) Teorr (A cm™2) Be Ba R, (Q cm?) Cr (mpy) 1E%
CLE
0 —0.412 3.84 x 107° 5.810 10.757 8.7 1.150 x 10° 0 0
0.1 —0.289 213 x 10°° 5.671 4.938 9.8 5.21 x 10% 0.555 55.5
0.2 —0.197 1.319 x 1073 5.719 0.971 10 3.75 x 10* 0.674 67.4
0.3 —0.165 5.164 x 10~* 5.559 1.099 31 1.938 x 10* 0.832 83.2
CLE-AgNPs
0 —0.412 3.84 x 10° 5.810 10.757 8.7 1.150 x 10° 0 0
0.1 —0.143 3.17 x 10°* 7.261 5.37 92.4 8.58 x 10* 0.926 92.6
0.2 —0.135 1.8 x 107* 8.932 6.78 129.2 7.901 x 10 0.931 93.1
0.3 —0.103 1.427 x 10°* 9.458 4.433 143.9 6.582 x 10" 0.943 94.3

© 2024 The Author(s). Published by the Royal Society of Chemistry
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Fig. 6 (a) Nyquist curves and (b) Bode curve of the samples: 0 g L™, 0.3 g L™ CLE and 0.3 g L™ CLE-AgNPs. (c) EIS fitting circuit model. (d) Plots
of polarization resistance (R;,) and capacitance of the interface (Cy) with inhibitor.
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Fig. 7 Inhibition stability of the extracts.

explanation for this result is a protective coating of biomole-
cules from CLE-AgNPs covering the steel's surface. Inhibitors
cause the R levels to increase, while the Cg values decrease
(Fig. 6d). A decrease in the local dielectric constant and an
increase in the protective film are associated with lower Cg;
values.®*® The higher capacitive loop, as shown by the Nyquist
plots, revealed that a protective layer was formed on the mild
steel surface. The polarization resistance (Rp,) increased in
proportion with the inhibitor's type, while the interface capac-
itance (Cq;) decreased for the inhibitor CLE-AgNPs. This was

18400 | RSC Adv, 2024, 14, 18395-18405

attributed to the decrease in both electrical double layer's
thickness and the local dielectric constant. This suggests that
the inhibitor functions at the solution/metal interface by
adsorption, and that the reduction in Cq values is caused by
water molecules replacing the surface of the electrode and the
reduced dissolution of the metal.** A CLE-AgNPs sample with
a larger semicircle diameter or greater charge transfer persis-
tence is often indicative of a higher corrosion resistance. It is
believed that the corrosion products produced at the coating
surface are what cause the drop in corrosion rate that is seen
when the charge transfer resistance rises.

3.6 CLE and CLE-AgNPs stability

Using weight loss measurements during a 20 week preparation
period at 40 and 80 °C temperatures, the stability of the CLE-
AgNPs was evaluated using the simulated seawater. Before
this, we kept the already-produced samples at room tempera-
ture in laboratory cabinets within reagent bottles. The weight
loss technique was used to examine the effectiveness of the
maximum addition of CLE and CLE-AgNps every four weeks
(starting from the date of the first preparation) at the investi-
gated temperatures. The efficiency of CLE began to decrease
after eight weeks, according to the results (Fig. 7), whereas the
CLE-AgNPs maintained their efficiency the whole time. At 80 °C,

© 2024 The Author(s). Published by the Royal Society of Chemistry
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Fig. 8 AFM analysis of the corroded surface: (a) 0 g L™, (b) 0.3 g L™!
CLE, (c) 0.3 g L™* CLE-AgNPs.

the CLE extract's efficiency started to fall more sharply. The
relative ease of thermal and biodegradation in the plant extract
may help explain this phenomenon. The sample with CLE-
AgNPs was more stable during the investigation period
because of the biochemical properties of Ag", which showed low
degradation during this time with an inhibition efficiency of
90% at 80 °C.

3.7 Corrosion mechanism

The corrosion mechanism was studied in order to better
understand the behavior of the mild steel in the saline envi-
ronment in the presence of an inhibitor and without an

© 2024 The Author(s). Published by the Royal Society of Chemistry
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inhibitor. The initiation phase stage was shown by the disso-
lution of the mild steel, and the breakdown of the passive layer
in the anodic region was shown by a chemical reaction.’**?
However, in the cathodic region, oxygen reactions occurred
through the coverage mechanism. Eqn (3)-(5) may be used to
represent the whole response in the following manner:

Fe = Fe*" + 2¢~ (3)
02 + 2H20 +4e” =40H™ (4)
4Fe + 0, + 2H,0 — 4Fe(OH) (5)

An excessive concentration of positive Fe*" ions occurs in the
anodic area as a result of the metal's continuous dissolution.
Charge neutrality occurs when the Cl™ ions leave the electrolyte
at the same time. The combination of the Fe*" and ion (Cl")
results in the formation of ferric chloride, as shown in eqn (6).

Fe’* + CI™!' = FeCl, (6)

Eqn (7) illustrates how FeCl, and H,O combine to produce
Cl~, H', and FeOH. The repassivation process occurred as
a result of the reaction of CI~ and H' ions. A faster anode
disintegration leads to a higher rate of FeCl, generation because
it speeds up the chloride ion migration. The extracts slow down
the increase in metal degradation. CLE-AgNPs, on the other
hand, were more stable and resistant to corrosion than CLE
because they had better biochemical properties, less direct
contact with mild steel, and higher electronegativity.

FeCl + H,0 = FeOH + H* + CI~ 7)

3.8 AFM structure of the corroded samples

The surface of the mild steel submerged in NaCl, both with and
without CLE-AgNPs, was investigated by AFM. Fig. 8 displays the
2D pictures of the amplitude and topographical surfaces, as well
as the 3D photographs of the pits and peaks on the surfaces that
we were able to capture. The blank solution displayed a high,
rough surface with numerous peaks and pits, indicating
significant damage from the rapid corrosion of NaCl. The 0 g
L', 0.3 g/CLE, and 0.3 g L' CLE-AgNPs yielded the greatest
peak heights (Sp) of 97.98, 62.04, and 21.48 nm above the
surface mean plane, respectively, while the deepest pits (Sv)
were measured 105.1, 78.9, and 47.8 nm below the surface mean
plane. The blank sample exhibited higher peaks and deeper
holes due to the NaCl attack.”” When compared to the blank
sample, the CLE-AgNPs reduced pitting by about 54.42% and
peak heights by 78.08%, indicating a very effective anticorrosion
action. The RMS heights (Sq) measured are as follows:
118.08 nm, 79.55 nm, and 26.13 nm for 0 g L %, 0.3 g L' CLE,
and 0.3 g L' CLE-AgNPs, respectively. The addition of CLE-
AgNPs caused an average reduction in peak height by corro-
sion degradation, which was about 77.87% lower than that of
the blank.

RSC Adv, 2024, 14,18395-18405 | 18401


http://creativecommons.org/licenses/by-nc/3.0/
http://creativecommons.org/licenses/by-nc/3.0/
https://doi.org/10.1039/d4ra02362e

Open Access Article. Published on 10 June 2024. Downloaded on 12/10/2025 5:52:15 PM.

RSC Advances

SEM HV: 20.0 kV WD: 13.90 mm
SEM MAG: 4.00 kx Det: BSE

Thisarticleislicensed under a Creative Commons Attribution-NonCommercial 3.0 Unported Licence.

(cc)

SEM HV: 20.0 kV
SEM MAG: 4.00 kx

View Article Online

Paper

é

- o
SEM HV: 20.0 kV WD: 17.72 mm 11| VEGA3 TESCAN
Performance in nanospacel] SEM MAG: 4.00 kx Det: BSE

Performance in nanospace

L
VEGA3 TESCAN

Performance in nanospace
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Fig. 10 Simulation structure using MD.
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3.9 Corroded surface images by SEM

The SEM surface of the corroded samples, as shown in Fig. 9,
shows fewer flaws, pits, and corrosion damages in the 0.3 g L™*
CLE-AgNPs sample compared to the other samples under
investigation. The sample without an inhibitor showed higher
corrosion damages, pits, and uneven holes, indicating mild
steel dissolution in the saltwater environment and an increase
in the anodic reaction. The CLE-AgNPs extracts' ability to
inhibit the corrosion helped delay and slow down the rate at
which the mild steel came into contact with the saltwater
environment. This study suggests that CLE-AgNPs may effi-
ciently inhibit the corrosion of mild steel under saline condi-
tion. This was used to support the AFM results discussed above.

© 2024 The Author(s). Published by the Royal Society of Chemistry
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Table 3 The molecular dynamics simulation results
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Total energy
(keal mol ™)

Energy of adsorption
(keal mol ™)

Energy of rigid
adsorption (kcal mol ")

Deformation energy
(keal mol )

Energy of binding

dNi/dEad (keal mol ™)

—56.601 —61.032 —54.200

3.10 Molecular dynamics simulations (MD)

Molecular dynamics simulations (MD), a tried-and-true
computational chemistry tool, was used to identify obscure
elements that aid in characterizing and understanding the
adsorption interaction forces of plant extracts with mild steel. It
is believed that the 1100 cm ™! feature, which was associated
with CH=CH- and had good interaction with silver ions from
the FTIR data, was used for the MD at 0.3 g L' CLE-AgNPs. In
Materials Studio, the adsorption finder was used to determine
the energy of the Fe molecular adsorbates. Using the Monte
Carlo technique, this module exhaustively explores the entire
surface interactions and adsorbate configurational space. It
considers a number of degrees of freedom, including the
adsorbate's surface translations and rotations. Finding and
evaluating the combinations with the lowest energy levels is the
main goal. Many investigations used this module, which made
evaluating the lowest-energy surface-adsorbate configuration
(SAC) easier.

To determine the best SAC and the lowest energy configu-
ration, molecular adsorbates were pre-adsorbed. The adsorp-
tion calculation had to determine the minimal energy state of
the entire system, as shown in Fig. 10. Table 3 displays
a number of outputs and descriptors, including the total energy
of the adsorbate-substrate surface. The total energy comprises
the combined energies of stiff adsorption, energy deformation,
and the energies of adsorbed components. The “adsorption
energy (kecal mol ') is the amount of energy needed or released
when components stick to a relaxed adsorbate on the substrate.
Table 3 includes the adsorbate-substrate energy (in kcal mol ™),
expressed as (dEads/dNi). Table 3 displays the interaction
energy (E interaction) and binding energy (E binding) values
between the Fe (110) surface and CLE-AgNPs, particularly when
the systems are in equilibrium. The findings show that the
inhibitor being studied has negative interaction energies (—E
binding), which means that natural organic substances natu-
rally stick to the surface of the Fe (110). Interestingly, greater
energy adsorption values show that some natural organic
component compounds are more effective at inhibiting corro-
sion. Table 3 provides evidence that CLE-AgNPs exhibit a higher
—E binding value, suggesting a higher adsorption capacity, in
line with the experiment results.

3.11 Comparative analysis

Due to the effects of biochemical agents, many corrosion
inhibitors made from plant materials are unstable and quickly
deteriorate when exposed to heat or kept for extended periods of
time. This limits the use of these specific corrosion inhibitors.
Documentation exists for similar applications of a variety of
plant-based corrosion inhibitors, including the compounds

© 2024 The Author(s). Published by the Royal Society of Chemistry

—15.173 —61.032 —61.032

described in this work. For example, a recent assessment
recorded several of these items. In comparison, CLE-AgNPs
either matched or outperformed a lot of these corrosion
inhibitors. The extracts from Allium cepa peels,” banana peels
(Musa paradiaca),”® orange peel extract,> Solanum macrocarpon
leaves,*® watermelon peel extracts,®® and tomato pomace
extract® are a few examples. Additionally, new research suggests
that CLE-AgNPs work better than nanoparticles made from
Musa paradisiaca peels,”® Macrolepiota leaves,® Solanum macro-
carpon leaves,* and Garcinia gummi-gutta leaves.”

4. Conclusions

In this work, we synthesized green silver nanoparticles using
silver nitrate and cashew leaf extract to improve the corrosion
inhibition and stability of mild steel in a saline environment.
The extract and silver nanoparticles were then analyzed and
assessed as an inhibitor of mild steel in a saline environment.
The green silver nanoparticles have an FCC structure and
plasmon absorption at 455 nm. They are perfectly crystalline,
with most of the Ag atoms lined up along the (111) plane. The
synthesized eutectic AgNPs have spherical forms, are mono-
dispersed, and have a particle size of 45 nm. The surface of the
green silver nanoparticles had more O sites than the pure
extract, indicating a stronger adsorptive potential. Inhibitors of
mixed dominating influence as anodic half reactions, the green
silver nanoparticles work to stop the corrosion of mild steel
90.5% of the time at 40 °C and 90% of the time at 80 °C. The
addition of green silver nanoparticles prevents corrosion on the
steel surface by reducing the peaks and pits caused by corrosive
attack by 78.08% and 54.42%, respectively. At 80 °C, the CLE-
AgNPS is biochemically and thermally stable, with a 90% inhi-
bition efficiency. In saline and marine applications, green silver
nanoparticles from cashew leaves are a cost-effective, environ-
mentally friendly substitute for corrosion inhibitors.
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