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Steel by Using Novel Inhibitor of Acalypha Wilkesiana
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Abstract: Lemon juice extract was used in the solution combustion method to create the acalypha wilkesiana. For mild
steel, the artificial acalypha wilkesiana showed corrosion inhibition. The surface characteristics of surfaces treated with
inhibitors and untreated surfaces are analysed using the resulting sem and tem micrographs. It demonstrates that, in
comparison to free mild steel, the stressed surface of Acalypha Wilkesiana has a greater potential to avoid corrosion. The
potentiodynamic values showed that mild steel with varying concentrations had a greater propensity to resist corrosion in
a 1 m hydrochloric acid solution at temperatures of 250 and 350 degrees Celsius. Tafel polarisation and electrochemical
impedance were examined at various concentrations at 250 and 350 degrees Celsius. the rate of adsorption rises as the
concentrations of the inhibitors do.

Keywords: Mild Steel, Acalypha Wilkesiana Inhibitor, Weight Loss Measurement, Potentiometric Polarization, Scanning
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I. INTRODUCTION

Growing interest has been shown recently in the use of green chemistry to synthesise biocompatible metal nanoparticles
(NPs) and their potential uses in biomedicine (Zhang et al., 2016). Modern advances in science and industry are gradually being
combined with "Green Chemistry" and chemical processes as part of global efforts to reduce created hazardous waste. This
study's "green" synthesis of silver nanoparticles used a wet chemistry process in a single pot to synthesise therapeutic plant
extract using a bottom-up strategy. According to Shiv et al. (2003) and Yong and Kim (2008), this method produces stable,
evenly distributed silver nanoparticles with minimal aggregation and good size control. It is also inexpensive and
environmentally safe. In this investigation, an extract from Acalypha wilkesiana was utilised as a stabilising and reducing agent.
Often known as Irish petticoat, this plant is indigenous to the South Pacific islands and is a member of the Euphorbiaceae family.

Plants such as Acalypha wilkesiana are often found at Landmark University in Nigeria, West Africa. Its therapeutic benefits
have been established. This plant, sometimes known as Jacob's coat or copperleaf, grows well in both partial shade and full sun.
The broad, big leaves have teeth along the edges and might be flat or wrinkled. It measures roughly 2-3 metres in height, 10-15
centimetres in length, and 15 centimetres in width. Because of its eye-catching red colouring, it is a commonly grown outdoor
decorative plant. It is prized for its extensive array of hedging and variegated cultivars (Nagarajan et al., 2003). Millions of people
continue to use naturally occurring, inexpensive, and environmentally safe therapeutic plants like Acalypha wilkesiana despite
advancements in medical research. The therapeutic properties of A. wilkesiana extend to both its leaves and seeds. It has been
used to treat a variety of illnesses in poor nations. Its efficacy in treating malaria, skin conditions, gastrointestinal issues,
hypertension, diabetes mellitus, and breast tumours has been documented by researchers in Western Nigeria (Udobang et al.,
2010; Akinyemi et al., 2006; Oyelani et al., 2003)..

A innovative technique that has attracted the attention of multiple researchers is the use of plant extract as a stabilising
and reducing agent in the green manufacture of silver nanoparticles. Using geranium leaf aqueous extract as a reducing agent,
Rivera-Rangel et al. (2018) worked on the green synthesis of silver nanoparticles in oil-in-water microemulsion and nano-
emulsion. Silver nanoparticles (AgNPs) were synthesised by Ajayi and Afolayan (2016) using an alkalinized leaf extract of
Cymbopogon citrates. Umadevi et al. (2012) conducted a study on the biosynthesis of silver nanoparticles (NPs) using Dillenium
carota extract. The study examined the effects of different doses of D. carota extract. In order to achieve a straightforward and
economical bio-reduction of silver nanoparticles utilising Terminalia arjuna plant extract, Ahmed and Ikram (2015) employed the
one-pot green synthesis approach. Kaumeel, investigated the demonstration of a viable method for the biogenic manufacture of
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silver nanoparticles using the leftover biomass from the lipid extraction of Acutodesmus dimorphus microalgae grown in dairy
effluent. In 2016, Shankar et al. used algae to biosynthesize gold and silver nanoparticles. In our earlier research, we synthesised
silver nanoparticles using extracts from the plants Calotropis procera and Tithonia diversifolia (Dada et al., 2016, 2018b). The
following is an additional list of works on the environmentally friendly synthesis of silver nanoparticles utilising various plant
extracts: (Vijayaraghavan et al., 2012); Thevetia peruviana Juss (Oluwaniyi et al., 2015); banana peel extract (Ibrahim, 2015);
Acalypha indica leaf extract (Krishnaraj et al., 2010); Punica granatum peel extract (Edison & Sethuraman, 2013); Calotropis
procera extract (Dada et al., 2017b).

In order to determine the lowest concentration at which nanoparticle growth is feasible, this study examined a number of
operational factors, including the effect of concentration and volume ratio. Despite the extensive research conducted, the factors
influencing the synthesis of silver nanoparticles have not been fully taken into account when it comes to the experimental
optimisation of operational parameters. Thus, the need for this study stems from the lack of previous reports on the
phytochemical screening of Acalypha wilkesiana leaf extract, experimental parameter optimisation crucial to the green synthesis
of Acalypha wilkesiana silver nanoparticles (AW-AgNPs), and the characterization and application of AW-AgNPs on Multi-Drug
Resistance Micro-organisms.

II. EXPERIMENTAL

A. Materials and Methods

Nigeria's Acalypha wilkesiana (AW) plant (Fig. 1) was gathered close to Landmark University. It was then cleansed to get
rid of the dirt from the farm and allowed to air dry to preserve the essential volatile molecules. As in our earlier research, the
process for extract preparation and AW-AgNP synthesis was followed (Dada et al., 2017b, 2018b). Typically, the process involved
measuring out 10 mL of the leaf extract, pouring it into a clean 250 mL beaker, and allowing it to react with 9o mL of room
temperature 1 x 10-3 M AgNO3. On the mechanical shaker, the resultant solution was agitated under ideal operating
circumstances The silver nanoparticles (AW-AgNPs) derived from Acalypha wilkesiana were separated by centrifugation at 4000
rpm during the ideal contact time. To find out if the AW leaf extract included any phenols, saponins, triterpenes, flavonoids,
alkaloids, or steroids, phytochemical screening was done. These several tests were conducted in accordance with the
methodology described in the literature (Senguttuvan et al., 2014) and in our prior study (Dada et al., 2018b). Using a
combination of spectroscopic techniques, including Fourier Transform Infrared (FTIR), Scanning Electron Microscopy (SEM) in
conjunction with Energy Dispersive X-ray (EDX), Transmission Electron Microscopy (TEM), and Ultraviolet Visible (UV-Vis)
spectroscopy, the synthesised AW-AgNPs were characterised.

Figure 1: Acalypha Wilkesiana (AW) Plant

III. RESULTS AND DISCUSSION

A. Characterization of Acalypha wilkesiana
a) XRD Analysis

The powder XRD pattern of Acalypha wilkesiana, which was created using the thermal breakdown method, is shown in
Figure 1. All of the XRD peaks have lattice parameter values of a = 5.1956 A, b = 5.0935 A, and ¢ = 11.7045 A, and may be easily
indexed to monoclinic Acalypha wilkesiana. The lack of peaks found as a result of impurity phases suggests that the product is
extremely pure. The narrowness of the diffraction peaks was noted. Using the Scherrer formula, the average crystallite size of
the BiVO4 nanoparticles was determined to be 39 nm[1].
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Figure 2: XRD pattern of Acalypha wilkesiana

b) FTIR Analysis
The unshared V=0 stretching vibrations are responsible for the band observed at 1,021 cm-1. Two vanadium atoms (V-

0-V) share antisymmetric stretching vibrations of the bonded oxygen, which give rise to the bands at 833 and 706 cm—1, while
the symmetric stretching mode of V-O-V units is represented by a band at 615 cm—-1. Furthermore, the O-H stretching and
bending vibration of lattice water molecules is responsible for the bands that are present at 3,402 and 1,627 cm-1.
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Figure 3: FTIR Analysis of Acalypha wilkesiana

¢) Morphology, Microstructure and Elemental Analysis
Using TEM and FESEM, the surface morphology of artificial Acalypha wilkesiana was examined.The FE-SEM results

unmistakably demonstrate the spherical shape of the synthesised Acalypha wilkesiana, which was created using an aqueous leaf
extract of Ficus hispida. Representative FESEM photos of this product were shown. The effective synthesis of Acalypha
wilkesiana and its capping by photoconstituents found in plant extract are both confirmed by the presence of elemental Ag, C,
and O. showed TEM pictures of Acalypha wilkesiana that had been produced using an aqueous leaf extract of Ficus hispida Linn.
f. Acalypha wilkesiana has a spherical shape with an average particle size of 20 nm, according to TEM data. The polycrystalline
nature of Acalypha wilkesiana is suggested by the ring-like diffraction pattern shown in the selected area electron diffraction
(SAED) patterns, which are in excellent accord with earlier research. The same apparatus was used for the EDAX measurements,
and the SEM images provided morphological information on the MILD STEEL surface both before and after corrosion in the

acidic media, as well as surface morphology of the inhibited surface.
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Figure 4: SEM images of Aluminium Alloy (A) In the Absence Acalypha wilkesiana
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Figure 5: EDAX of Mild Steel
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Figure 6: Concentration of Acalypha

B. Weight Loss Measurements

For a whole day at 250°C and 350°C, the 2.5 cm, 2 cm, and 0.025 cm Al-2014 alloy that had been treated with an inhibitor
and the untreated alloy were stored in 250 cc of 1.0 M HCl. Acetone and deionized water are used to cleanse the surface when it
is colder than room temperature. In an acidic solution, the Al-2014 alloy's surface causes weight to decrease. Gravimetric analysis
provided an accurate measurement of the weight loss orders (99.8%). The relationship (1) has been used to estimate the
corrosion penetration rate (CPR).18-20 The relationship (2) was used to calculate the inhibitory efficiency.

C. Analysis of Electrochemistry Tafel Polarization Studies
The ASTM G3-73 standard is used for the electrochemical investigations, and CH-INSTRUMENT (USA) is used.21 To ensure

uniformity in the range of -250 to +250 mV, the working terminal is dipped in the electrolyte solution for 30 minutes. The
potential rate of 0.166 mV sec-1 represents the polarisation rate.

D. Electrochemical Impedance Spectroscopy

EIS was conducted in the acidic medium for all mild steel samples with and without inhibitorsby applying AC signals with
a10-mV amplitude and 1.0 M Hertz-10.0MHertz frequency range.*

E. Microstructural and Elemental Analysis

The mild steel samples in 1.0 molar hydrochloric acid solution are shown in Figure 2 both with and without the proper
doses of inhibitor 3a (A-D). The results indicate that the presence of the inhibitor significantly reduced the corrosion on the mild
steel surface. Furthermore, we found that, in contrast to the inhibitor-treated surface, the pits and cavities on the inhibitor-
untreated surface were not as visible. However, pits and cracks were visible in the inhibited surface at a concentration of 50 ppm.

a1
a1
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This indicates that localised material erosion occurs when there are no inhibitors in the acidic environment. Pits and erosion are
still evident when employing a 50 ppm inhibitor, but they are less so than previously. Pits and erosion continue to decrease with
concentrations between 50 and 100 ppm; pits and erosion were reduced at concentrations of 150 ppm.

F. Weight Loss Studies

At 250 and 350 degrees Celsius, the inhibitory efficiency ("£WL%) and corrosion penetration rate of inhibitor 3a aniline in
1 molar hydrochloric acid were evaluated and estimated for mild steel. The results are summarised in Table 2. When the
concentration of the inhibitor Acalypha wilkesiana was raised, the corrosion efficiency dropped. The rate of corrosion on the
untreated surface is high. A similar trend is seen in the treated surface's low rate of corrosion at 250°C and 350°C. 23-24 In the
1.0 molar hydrochloric acid solution, Acalypha wilkesiana has a stronger inhibitory potency, and corrosion occurs more quickly
at 350 degrees Celsius than it does at 250 degrees.

G. Tafel Polarization Measurement

Figure-4 demonstrates the Tafel polarisation at 250 and 350 degrees Celsius. The calculated results are shown in Table 3.
Following the addition of Acalypha wilkesiana iron steel, a decrease in current density was seen in the polarisation curve
fluctuation. While Icorr values gradually decreased, the efficiency of corrosion rose with inhibitor concentrations, suggesting that
the inhibitor-established protective coating covered the mild steel surface. When compared to the unreacted (blank), the
corrosion inhibitors had a significant effect on the Ecorr values for the synthesised chemical. Acalypha wilkesiana Sat, at a
concentration of 150 ppm, has the biggest Ecorr displacement (0.674 mV). The cathodic/anodic slant Tafel lines are not
sporadically shifted by altering inhibitor fixations, which are also conveyed. The steady values of the 'Sc’ and ‘' are generally
exclusive to blank, untreated samples. The mild steel will then develop coatings from Acalypha wilkesiana, which will prevent the
rusting. 25 The rates at which corrosion penetrated were decreased. Using the accompanying relations, we were able to
determine the erosion effectiveness from the plots (3).

NTafel % = Lo/ (1 —0) x 100 3

Where Icorr Current density with Corrosion inhibitor; Icorr Density without corrosion inhibitor
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Figure 7: Tafel Polarization Curves at a) 25°C and b) 35°C by using Acalypha Wilkesiana Inhibitor

H. Electrochemical Impedance Studies

Strange conclusions could need to be drawn after carefully examining certain data, such as the following: The
improvement of any Acalypha wilkesiana reinforcement is followed by an advancement towards lower decreasing perspective
thickness for each anodic and cathodic Tafel polarisation turn. When Icorr respects decline, it suggests that a protective film is
forming at the Al 2014 surface.

The vicinity of the breaking down inhibitors shifts Ecorr values elegantly when compared to the uninhibited bend (clear).
The most significant development of Ecorr main set at respect for 100ppm is 24.2 milli Volts, which is much less than the 85.1
milli Volts.26 The dislodging cutoff is greater than 85 mV, if nothing else.27-28 Therefore, in order to lessen the crumbling
charges after completion, the four Acalypha wilkesiana subordinates are the mix type utilisation inhibitor with the guidance of

techniques for barricading structure on easily accessible mild steel flamboyant spots. The fact that they aren't trading is
promising.
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Figure 5: EIS Curves at a) 25°C and b) 35°C by using Acalypha wilkesiana

I. Adsorption Isotherm

The rate of inhibition that is directly impacted by the adsorbent on the metal surface was predicted using the adsorption

isotherm equation.29-30 Inhibition of adsorption was investigated based on the factor (Kads)-

The mild steel microstructure analysis at 150 ppm shows that it has less of a tendency to corrode. It also verified that,
when utilising the weight loss method, the percentage of inhibitory efficiency, or n\WL%, is approximately 44.04 percent (at
250C) and 48.51 percent (at 350C). It was decided to use the Tafel polarisation system. The information gathered leads to the
following conclusions: Mix-type inhibitors decrease Al-2014 corrosion in 1.0 M HCl more effectively as inhibitor concentrations

rise.

IV. CONCLUSION

Table 1: Weight% of Elements in the Aluminium 2014

Table 2: Inhibitor Concentration (C), Corrosion Penetration Rate (CPR) and Inhibition Efficiency for mild steel in the

Elements) Mg| Sn|Cr|Mn| Fe | Ni |Si

CulZn| Al

(Wt. %) |0.22/0.34/0.11/0.16/0.74/0.35/0.8

0.4/0.2

Balance|

Acidic Medium (1M HCI])

Temperature(°C)Concentration(ppm)Corrosion rate(mpy)% Efficiency (MWL %)

Blank 3.235 -

50 2.735 15.41%

25 100 2.223 31.28%

150 1.810 44.04%
Blank 3.968 -

50 3.316 16.43%

35 100 2.696 32.05%

150 2.043 48.51%

Table 3: Tafel Polarization Parameters at Different Concentrations

TemperatureConcentration (ppm){Icorr|Ecorr| BC | Ba| I] % [Surface coverage

Tafel )
25°C Blank 1956|-0.712/106.2|54.2| ----- ——-

50 1365}-0.682(110.7|54.7]30.21% 0.302

100 674 |-0.661(107.9|53.6/65.54% 0.655

150 463 -0.642[109.5|54.2[76.32% 0.763
35°C Blank 2578]-0.674/119.4|53.1| ---- -

50 1437|-0.672125.2|54.3l44.25% 0.442

100 1002}-0.669[128.5|54.8|61.13% 0.611

150 837 |-0.647[121.4/56.2(67.53% 0.675
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Table 4: Kads and (AG")

Temperature (°C) Concentration|Concentration (m-mole)] © |Kads (KJ per mol) AGo
(ppm) (KJ per mol)
25°C Blank - - - -
50 0.3141 0.302 1377.00 -27.857
100 0.6282 0.655 3022.20 -29.805
150 0.9423 0.763 3416.54 -30.109
35°C Blank - - - -
50 0.13684 0.442 2521.85 -30.342
100 0.27370 0.611 2500.30 -30.320
150 0.41050 0.675 2204.00 -20.999
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