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ABSTRACT

The weight loss method discovered that the amount of corrosion that took place in
mild steel (MS) at 303K could be decreased by submerging the material in a sodium chloride
solution. The weight loss data were used to calculate the inhibitory effectiveness and the
degradation rate. These calculations were carried out using the information. The strategy for
avoiding corrosion works more effectively thanks to a higher inhibitor concentration, which
may be found in an extract of the Abelmoschus esculentus plant. The pace of corrosion may
be slowed down if the efficacy of the green inhibitor could be boosted. Because of the
increasing concentration of the inhibitor solution, a protective layer will form on top of the
MS. As a consequence of this, the reactive site on the MS will become inactive. Utilizing
electrochemical methods, which would be of tremendous aid in this endeavour, may make it
easier to develop a protective layer on the surface of the MS, which would be a significant
step in the right direction. Scanning electron microscopy (SEM) and Fourier transform
infrared spectroscopy are two techniques that have been used to evaluate its surface, and both
of these techniques have contributed to its solid reputation (FTIR). Scanning electron
microscopy (SEM) was used to evaluate the surface smoothness and roughness of mild steel.
The findings were compared to those obtained from a blank that included an inhibitor.

Keywords: Abelmoschus esculentus, Corrosion, FTIR, Scanning Electron Microscopy,
Sodium chloride solution and Weight loss method.

INTRODUCTION

Corrosion is a result of chemical and electrochemical processes that metals and alloys go
through. Due to its high strength, MS is frequently used as a construction frame material as
well as a structural steel beam. This material has good weldability and physical properties and
is appropriate for a range of cutting and coating procedures. When well and surface water are
utilized in cooling systems, storage tanks, concrete moulds, and water transport pipes for
injection systems, corrosion risks increase. It is possible to stop corrosion by using a corrosion
inhibitor'”’. These characteristics make it useful for making frames, panels, and other
decorative elements. Two of the biggest issues with industrial water use are water
contamination and metal equipment corrosion. Every substance that comes into contact with
water or acid will eventually corrode. Corroded parts will lose their qualities in addition to
weight and cross-sectional damage. Therefore, it is necessary to use corrosion inhibitors or
additives to reduce or prevent corrosion. Corrosion inhibitors control how easily metals
dissolve when exposed to the environment, especially when the environment is acidic, neutral,
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or basic. Excellent corrosion inhibitors include hydrocarbons containing electron-donating
groups or polar functional groups, oxygen, nitrogen, and sulphur atoms, and aromatic rings
with -electrons. An impermeable layer that protects metal from corrosive substances is created
by chemical or physical interactions with metallic surfaces®'!. Scientists have attempted to
understand the inhibitory effect of different hydrocarbons on corroding MS, zinc and copper
alloys, carbon steel, and composites in acid, base, and neutral situations'>'*. Most of these
hydrocarbons are expensive and dangerous for both people and the environment. They have
limited potential applications as a result. Novel inhibitors must be developed to be as effective
and safe as possible as a result'>!¢ suggest that plant extracts could be used to create a
corrosion inhibitor that is both ecologically beneficial and biodegradable. Malvaceae family
member Abelmoschus esculentus has long been used in traditional medicine to treat a variety
of diseases. Numerous veggies are produced by the plant and are frequently fed to animals.
Numerous studies have been done on the pharmacological effects and phytochemical
characteristics of this plant”’lg.

Abelmoschus esculentus plant leaves are being used in this study to examine the
effectiveness of an aqueous extract as a corrosion inhibitor on mild steel that has been dipped
in a sodium chloride solution. Weight loss tests can be used to measure the amount of
corrosion that has been stopped as well as how quickly it is occurring. To determine how
effectively MS inhibits corrosion, various electrochemical studies can be performed. The
protective layer of the MS was examined using Fourier Transform Infrared Spectroscopy
(FTIRS). The surface's smoothness was examined using a scanning electron microscope.

EXPERIMENTAL TECHNIQUES
The effectiveness of an aqueous extract of the leaves of the Abelmoschus esculentus plant
in halting mild steel corrosion in sodium chloride solution was investigated.

Preparation of mild steel specimens

Polished iron was used to assess weight loss; it had 0.1 percent carbon, 0.026 percent
Sulphur, 0.06 percent phosphorus, and 0.4 percent manganese, with the remaining iron being
utilized for all other calculations.

Making of stock solutions (preparation)

An AR grade of sodium chloride was diluted with double-distilled water to create the
sodium chloride solution (NaCl). Then, using this solution, the chemical sodium chloride was
produced. A crucial component used to correctly generate the solutions was DD water. The
Abelmoschus esculentus plant leaves were dissolved in a small amount of water to produce
the aqueous extract of the plant's leaves with the needed potency. This was accomplished by
employing double-distilled water to increase the volume to the appropriate level.

Weight loss evaluation method

Mild steel specimens were submerged in sodium chloride solution for a day, both without
and with varying amounts of an aqueous extract of Abelmoschus esculentus plant leaves.
Weight loss was then measured. The concentrations were 2, 4, 6, 8, and 10 milliliters,
respectively. The object was completely cleaned, dried, and weighed again after some time
had passed.

The percentage of inhibitory effectiveness (IE) was calculated using the following
relationship, which was found to be'’.
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IE (%)= Wo — Wi X100
Wo

Where Wi and Wo are the weight loss values in g in presence and absence
of an aqueous extract of Abelmoschus esculentus plant leaves inhibitor.

Polarization

A CHI-660A impedance type -electrochemical work station was used for the
electrochemical experiments. A cell, which consists of three electrodes, is where it occurs.
The SCE serves as the benchmark. The counter electrode used in this experiment was
constructed of platinum. The MS electrode was used to complete the challenge. According to
Banu et al. (2017), the polarization investigation allowed for the determination of corrosion
parameters such as corrosion potential (Ecorr), corrosion current (Icorr), Tafel slopes anodic =
ba and cathodic = bc, and LPR (linear polarization resistance) values.

Measurements of alternating current impedance

Impedance Analyzer for Electrochemical Workstation (CHI-Electrochemical Impedance
Model 660A). A comparable apparatus to the one used in this experiment was used for
polarisation testing. The device was given the time interval, and a five to ten minute open-
circuit voltage was attained. The steady-state potential was then supplemented by an
alternating current potential of 10 mV. The real (Z) and imaginary (z") components of the cell
impedance were measured in ohms when the alternating current frequency of the cell
impedance was increased to 100 MHz. In this process, a wide range of frequencies were taken
into account. It has been established that double layer capacitance and charge transfer
resistance (Cdl and Rt) exist. The connections on the following list had to be used in order to
calculate Cdl values.

Techniques for Examining the Surface

MS samples were immersed in inhibitor solutions containing both blank and
Abelmoschus esculentus plant leaf extract for one day. After a day, the samples were dried.
For mild steel specimens, the surface layer composition was evaluated using a variety of
analytical techniques.

FTIR spectra are used to characterize the surface of a protective layer

FTIR pictures were taken on the Perkin-Elmer 1600 spectrophotometer. The KBr pellets
were thoroughly mixed after the layer was removed, and FTIR spectra were obtained. The test
specimens were taken out of the test solutions and dried after spending a day submerged in
various environments. To ensure homogeneity, the entire mixture was aggressively agitated
after the top layer was scraped off.

Microscopy using Scanning Electron (SEM)

SEM was used to compare the topography of the MS surface with and without the
inhibitor after corrosion. A SEM was used. With the use of SEM, it will be possible to
observe how the surface character of mild steel is affected by corrosive solution both before
and after direct contact. The SEM image you see here was taken using the JEOL MODEL
JSM 6390 SEM.
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RESULTS AND DISCUSSIONS

The results of weight loss strategies

The amount of weight lost in a sodium chloride solution with and without the addition of
an inhibitor made from plant leaves from the Abelmoschus esculentus species was measured.
This study tested the mild steel's corrosion resistance (CR) and inhibitory effectiveness (IE) in
well water with and without an aqueous extract of Abelmoschus esculentus plant leaves
prepared utilizing the weight loss method. Table 1 shows the substance's ability to inhibit
corrosion as well as its rate of corrosion.

Table 1: Calculation of Corrosion rates (CR) and inhibition efficiency (IE %)

Concentration of o oy
. Inhibition
aqueous extract of | Corrosion rate Efficienc
AEPL inhibitor | (mdd) y
(%)
(%)
Blank 76.66 -
2 61.90 42.10
4 53.13 51.35
6 46.26 62.10
8 29.53 73.70
10 18.09 85.60

Inhibitor System: Aqueous extract of Abelmoschus esculentus plant leaves, immersion period:
One Day

The percentage of inhibitory effectiveness (IE) that is increased when the potency of the
plant extract inhibitor increases peaks at a concentration of 10 ml of aqueous extract of
Abelmoschus esculentus plant leaves. The inhibitory efficiency of an aqueous extract from the
leaves of the Abelmoschus esculentus plant is 85.60 percent. As the amount of Abelmoschus
esculentus plant leaves in the aqueous extract increases, the corrosion rate reduces *°. In other
words, when the concentrations of corrosion-inhibiting agents rise, MS surface coverage also
rises, preventing the mild steel from dissolving by locking its corroding sites and thereby
minimizing corrosion. The corrosion resistance of mild steel may be due to the
phytochemicals found in plant extracts. The results of earlier studies are quite consistent with
this monitoring *'*.

Findings from a potentiodynamic polarization experiment

This study, which identifies the protective layer that grows on top of mild steel surfaces,
may assist them tremendously. It allows for the rapid determination of the inhibitor's activity,
the stability of the surface layer, and the inhibitor's inhibitory efficiency. The application of a
protective layer increases linear polarization resistance (LPR) and corrosion current (Icorr).
The potentiodynamic polarization curves of MS in sodium chloride solution without and with
the plant extract inhibitor are shown in Fig. 1. Table 2 includes these characteristics, as well
as the corrosion potential and slopes, as well as the linear polarization resistance and
corrosion current (Icorr).
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Figure. 1: Potentiodynamic polarization curves for corrosion of mild steel in sodium

chloride solution in absence and presence of AEPLE inhibitor (a) Mild steel in sodium

chloride solution (blank) (b) Mild steel in sodium chloride with 10% aqueous extract of
AEPL

Table 2: Potentiodynamic Polarization parameters for the corrosion of mild steel in
sodium chloride solution for the aqueous extract of AEPL system

Concentration Tafel slope

eaves extract| B | be Lo, |LPR,
of AELP mV/SCE mX’f Jdec mX’f Jdec A/cm a/cm
(%V/IV)

blank - 634 657 480 1.327x 10™* | 289
10 - 597 483 540 7.978% 107 | 534

The corrosion potential of MS in sodium chloride solution is — 634 mV Vs SCE, as
illustrated in Fig. 1(Saturated Calomel Electrode). The LPR has a value of 289 Ohm/cm?2. It
has 1.327 10-4 A/cm?2 corrosion current density. When 10% AEPLE is added to a corrosive
solution, the corrosion potential moves to the anodic side (- 597 mV / SCE). The corrosion
potential moves to the anodic side as a result of the formation of a protective layer on the MS
surface. The Fe2+-AEPLE complex formed on the anodic regions of the mild steel surface,
regulating the anodic response of MS dissolution. Corrosion resistance is increased in
inhibitor systems with lower Icorr and higher LPR values®*°.

Results of impedance spectra for alternating current

The validation procedure for creating a protective layer on MS surfaces may make use of
EI spectra. When a protective coating is applied to the surface of the MS, the double layer
capacitance (Cdl) decreases, the impedance log (z/ohm) rises, and the charge transfer
resistance (Rt) rises. Figures 2 and 3 (respectively) display Nyquist plots of the AC
impedance spectra of the sodium chloride solution absorbed by the MS (Bode plots). Table 3
lists double-layer capacitance and charging resistance (Rt) as AC impedance variables (Cdl).
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Figure. 2: AC impedance spectra of mild steel immersed in sodium chloride solution in
the absence and presence of AEPLE inhibitor (Nyquist plots)(a) Mild steel in sodium
chloride solution without inhibitor (b) Mild steel in sodium chloride solution with 10%
aqueous extract of AEP leaves.
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Figure. 3a: AC impedance spectra of mild steel immersed in sodium chloride solution
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Figure. 3b: AC impedance spectra of mild steel immersed in sodium chloride solution
with 10% aqueous extract of AEP leaves (Bode Plot)

MS's Rt and Cdl values are 23.70 ohm cm2 and 39.6268 10-6 F cm2, respectively,
after being submerged in a sodium chloride solution. A solution of sodium chloride gains 10
percent AEPLE, increasing the Rt value from 23.70 cm2 to 24.06 cm?2. Cdl decreases from
39.6268 10-6 F cm-2 to 39.0339 10-6 F cm-2 as well. The impedance rises together with the
value of log (z/ohm). The phase angle of the inhibitor system increases from 26.5 °C to 30 °C
in comparison to the blank system27'30. According to what we know, MS has a layer of
exterior defence.

Table 3. Electrochemical impedance parameters from Nyquist plots for the corrosion of
mild steel for aqueous extract of AEP leaves in sodium chloride solution

Concentration Impedance | Phase
of the aqueous| Nyquist plot p

Log angle
extract of | Ry, Ca (z/ohm) )
AEPL (%v/v) | alem®| F/em? g
blank 23.70 ?(9)56268 X 0.510 26.5
10 24.06 ?(9)8339 X 0.594 30.0

Data processing for infrared spectroscopy

Identification of the surface MS absorption bands of inhibitor molecule functional groups
is aided by FTIR analysis. According to researchers, FTIR analyses are a crucial method for
figuring out how the phytochemical inhibitor components interact with the MS surface®'. The
functional groups of phytochemical elements and films for the various systems' absorption
bands are listed in Table 4.

Table 4: FTIR spectral data for the aqueous extract of AEPL and the scratched film
from mild steel surface after immersion in sodium chloride solution with 10% AEPL

IR bands of| IR bands of| Frequency

crude AE | film from mild | assignment to
plant extract | steel surface functional groups
344413 3416.18 -OH

2075.15 2079.53 C-H stretching
1679.49 1634.19 C-O stetching
1406.18 1271.48 C-C stretching
1271.26 1121.11 C=C

640.46 684.23 N-H

- 443.86 Y-Fe,03
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Figure. 4a: FTIR spectrum of aqueous extract of AEPL

The FTIR spectra of AEP leaves is displayed in Figure 4a. According to Rajendran et al.
(2019), the frequency of OH stretching is reported to be 3444.13 cm™. C-H stretching appears
to occur at a frequency of 2075.15 cm™'. The peak brought on by C-O may be seen at 1679.49
cm™. The N-H frequency may be seen at 640.46 cm™. Stretching frequencies for C-O and C-C
are respectively 1679.49 cmand 1406.18 cm™. The C=C peak is located at 1271.26 cm™

1A omd
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Figure. 4b: FTIR spectrum of scratched film from the mild steel surface after immersion
in sodium chloride solution with 10% aqueous extract of AEPL

Fig. 4b depicts the MS coated with a 10% aqueous extract of AEPL for protection and
submerged in a salt chloride solution. According to Jasiniki and Lob (1998), a change in the
O-H from 3444.13 to 3416.18 cm™ demonstrates that molecule adsorption can occur through
the O-H. For the C-H group, the frequency increased from 2075.15 cm™ to 2079.53 cm™. The
greatest frequencies for the C-C and C=C groups are 1271.48 cm and 1271.26 cm’,
respectively, while the frequency of the C-O group decreases from 1679.49 cm™ to 1634.19
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cm’™. It was noted that the N-H frequency was 684.23 cm™. The band at 443.86 cm™ can only
be explained by the iron-complex™. The bands above clearly display the complex structure
that appears on mild steel's surface.

SEM analysis of the surface of MS

To distinguish between the protective layer that occurs without and with AE plant leaf
extract inhibitor at the exterior of the MS, SEM images of the surface of the MS must be
scanned. SEM analysis may identify the mild steel's external shape and degree of corrosion,
which reveals whether corrosion inhibitors are present or not. Fig. 5 displays SEM images of
mild steel samples with and without an AEPLE inhibitor system after being submerged in
sodium chloride for one day.

Ty ol - w &
2um EHT = 1500 KV Signal A= SE1 Date :5 Jan 2021 —
WD= 95mm Mag= S500KX Time :14:11:53

Figure. 5Sa: SEM image of polished mild steel specimen before immersion in sodium
chloride (control)

20pm EHT= 15.00 kv Signal A= SE1 Date :5 Jan 2021 H

WoD= 9.5mm Mag= 1.00KX Time :14.06:25

Figure 5b: SEM image of mild steel specimen after immersion in sodium chloride
solution (blank)
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Figure. Sc: SEM image of mild steel specimen after immersion in sodium chloride in the
presence of 10% aqueous extract of DMPL.

For one day, the MS specimen is immersed in a sodium chloride and inhibitor solution.
After being taken out, dried, and examined, the sample is examined under a scanning electron
microscope (SEM). MS images have been polished in Fig. 5a (the control). The mild steel
surface in Fig. 5b appears to have been corroded by a sodium chloride solution as a result of
metal dissolution. The surface of mild steel after being dipped in a sodium chloride inhibitor
is shown in Fig. 5c.

The SEM images in Fig. Sa show polished surfaces made of mild steel”>*. An electron
microscope image of pitted mild steel is shown in Fig. 5b. Due to the corrosion inhibitor's
considerable adsorption on the mild steel surface, the corrosion process is inhibited in Fig. Sc.

Furthermore, the shrinkage of corroded zones shows that the inhibitor (10 percent
AEPLE) lowers corrosion. It is almost corrosion-free because the mild steel surface of MS has
developed an insoluble compound. When 10% Aqueous Extract of AEPL is added to a
sodium chloride solution, a thin layer of inhibitor prevents mild steel from dissolving. Less
metal surface deterioration happens as a result of the inhibitor's improved adsorption
effectiveness at the mild steel/solution interface® ™.

CONCLUSION

In the present investigation, mild steel corrosion in sodium chloride solution is reduced
using an aqueous extract of Abelmoschus esculentus plant leaves. Following data analysis, we
reached the following conclusion:

An aqueous extract of the leaves of the Abelmoschus esculentus plant, which has a high
corrosion prevention activity, protects low-carbon steel submerged in NaCl solution.

The weight loss strategy's inhibitory efficacy has reportedly been accounted for to an
approximated 85 percent.

Polarization experiments show that the systems control the anodic response more skillfully by
serving as anodic inhibitors.

As the adsorbent layer thickness rises, the charge transfer resistance (Rt), double layer
capacity, and corrosion current all increase (Icorr).

SEM micrographs of polished and corroded mild steel demonstrate the brittleness of the
surface.

1167



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

European Journal of Molecular & Clinical Medicine (EJMCM)

ISSN: 2515-8260 Volume 10, Issue 01, 2023

REFERENCES

Brasher DM. Role of the Anion in relation to Metallic Corrosion and Inhibition. Nature.
1962; 193: 868p.

Hackerman N. The theory and practice of corrosion and its control in industry. Langmuir.
1987; 3(6): 922p.

Gopinath, Karthikeyan, Sivakumar, et al. Studies on removal of Malachite green from the
aqueous solution by sorption method using water Hyacinth-Eichornia crassipes roots. Journal
of Biodiversity and Environmental Sciences. 2011; 2(1): 1-8p.

Bharathi.P, Elavarasi.N, Mohanasundaram.S. Studies on rate of Biodegradation of Vegetable
oil (Cocunut oil) by using Pseudomonas sp. International Journal of Environmental Biology.
2012;2(2): 12-19p.

Mohanasundaram.S, VA Doss, Haripriya G, et al. GC-MS analysis of bioactive compounds
and comparative antibacterial potentials of aqueous, ethanolic and hydroethanolic extracts of
Senna alata L against enteric pathogens. Int J Res Pharm Sci. 2017;8 (1): 22 —27p.

Pereira C, Patricio S, Rosa SA, et al. Copper acetylacetonate anchored onto amine-
funtionalised clays. J Colloid Inter Sci. 2007; 316: 570-579p.

Tangwiwat S, Milne SJ. Barium titanate sols prepared by a diol — based sol-gel route. J
Non-Cryst Solids. 2005; 351(12-13): 976-980p.

Anandan A, Rajendran S, Sathiyabama J, et al. Influence of some tablets on corrosion
resistance of orthodontic wire made of SS 316L alloy in artificial saliva. Int. J. Corros. Scale
Inhib. 2017; 6(2):132—-141p.

Li L, Zhang X, Lei , et al. Adsorption and corrosion inhibition of Osmanthus
fragran leaves extract oncarbon steel. Corros. 2012; 63: 82—90p.

Rajendran A. Isolation, characterization, pharmacological and corrosion
inhibition studies of flavonoids obtained from Nerium oleander and Tecoma stans.
Int. J. Pharmtech Res. 2011; 3(2): 1-13p.

Mohanasundaram, Bharathi, Thirumalai, et al. Studies on phytochemicals, antibacterial
efficacy and antioxidant potency of Capparis sepiaria on enteric pathogens. International J. of
Biomolecules and Biomedicine. 2011; 1(3): 01-07p

Syed SSA, Nasser AJA, Rajendran S. Inhibition Effect of Copper Complex of 1-(8-Hydroxy
Quinolin-2-ylMethyl) Thiourea on the Corrosion of Mild Steel in Sodium Chloride Solution,
The Open Materials Science Journal. 2014; 8: 71-80p.

Daksha N, Saxena N, Ladeb J, et al. Anti-Corrosive Behavior of the Seed Extract of
Amomum sabulatum.E3 Web of conferences. ICMED 2021. 2021309: 1-6p.

Wang Q, Sivakumar K, Mohanasundaram S. Impacts of extrusion processing on food
nutritional components. Int J Syst Assur Eng Manag. 2022; 13: 364-374 (2022).
https://doi.org/10.1007/s13198-021-01422-2.

Abuthahir SSS, Nasser AJA, Rajendran S. Highly effective inorganic corrosion inhibitor for
mild steel in sodium chloride solution. Eur. Chem. Bull.2013; 2(12): 1041-1044p.

Banu VRN, Rajendran S, Abuthahir SSA. Corrosion Inhibition by Self-assembling Nano
films of Tween 60 on Mild steel surface. International Journal of Chemical Concepts.
2017;3(1): 161-173p.

Kumar KK, Selvaraj SK, Pandeeswaran M, et al. Synergistic Corrosion Inhibition Effect of
Carbon Steel in Sea Water by Hydroxy Proline - Zn~" System. International Journal of
Advanced Chemical Science and Applications. 2015; 3(4): 54-59.

Victor Arokia Doss, Prasad Maddisetty, et al. Phytochemical screening, quantification and in
vitro antidiabetic activity of Strychnos nux-vomica leaf extract. J Global Trends Pharm Sci.
2016; 6(4): 2892 — 2898

Zucchi F, Omar IH. Plant extracts as corrosion inhibitors of mild steel in HCIl solutions.

1168


http://refhub.elsevier.com/S2238-7854(20)31803-2/sbref0065
http://refhub.elsevier.com/S2238-7854(20)31803-2/sbref0065
http://refhub.elsevier.com/S2238-7854(20)31803-2/sbref0065
http://refhub.elsevier.com/S2238-7854(20)31803-2/sbref0065
http://refhub.elsevier.com/S2238-7854(20)31803-2/sbref0065
http://refhub.elsevier.com/S2238-7854(20)31803-2/sbref0065
http://refhub.elsevier.com/S2238-7854(20)31803-2/sbref0065
http://refhub.elsevier.com/S2238-7854(20)31803-2/sbref0065
http://refhub.elsevier.com/S2238-7854(20)31803-2/sbref0065
http://refhub.elsevier.com/S2238-7854(20)31803-2/sbref0065
http://refhub.elsevier.com/S2238-7854(20)31803-2/sbref0065
http://refhub.elsevier.com/S2238-7854(20)31803-2/sbref0065
http://refhub.elsevier.com/S2238-7854(20)31803-2/sbref0065
http://refhub.elsevier.com/S2238-7854(20)31803-2/sbref0065
http://refhub.elsevier.com/S2238-7854(20)31803-2/sbref0065
http://refhub.elsevier.com/S2238-7854(20)31803-2/sbref0065
http://refhub.elsevier.com/S2238-7854(20)31803-2/sbref0065
http://refhub.elsevier.com/S2238-7854(20)31803-2/sbref0065
http://refhub.elsevier.com/S2238-7854(20)31803-2/sbref0065
http://refhub.elsevier.com/S2238-7854(20)31803-2/sbref0065
http://refhub.elsevier.com/S2238-7854(20)31803-2/sbref0065
http://refhub.elsevier.com/S2238-7854(20)31803-2/sbref0065
http://refhub.elsevier.com/S2238-7854(20)31803-2/sbref0065
http://refhub.elsevier.com/S2238-7854(20)31803-2/sbref0065
http://refhub.elsevier.com/S2238-7854(20)31803-2/sbref0065
http://refhub.elsevier.com/S2238-7854(20)31803-2/sbref0065
http://refhub.elsevier.com/S2238-7854(20)31803-2/sbref0065
http://refhub.elsevier.com/S2238-7854(20)31803-2/sbref0065
http://refhub.elsevier.com/S2238-7854(20)31803-2/sbref0065
http://refhub.elsevier.com/S2238-7854(20)31803-2/sbref0065
http://refhub.elsevier.com/S2238-7854(20)31803-2/sbref0070
http://refhub.elsevier.com/S2238-7854(20)31803-2/sbref0070
http://refhub.elsevier.com/S2238-7854(20)31803-2/sbref0070
http://refhub.elsevier.com/S2238-7854(20)31803-2/sbref0070
http://refhub.elsevier.com/S2238-7854(20)31803-2/sbref0070
http://refhub.elsevier.com/S2238-7854(20)31803-2/sbref0070
http://refhub.elsevier.com/S2238-7854(20)31803-2/sbref0070
http://refhub.elsevier.com/S2238-7854(20)31803-2/sbref0070
http://refhub.elsevier.com/S2238-7854(20)31803-2/sbref0070
http://refhub.elsevier.com/S2238-7854(20)31803-2/sbref0070
http://refhub.elsevier.com/S2238-7854(20)31803-2/sbref0070
http://refhub.elsevier.com/S2238-7854(20)31803-2/sbref0070
http://refhub.elsevier.com/S2238-7854(20)31803-2/sbref0070
http://refhub.elsevier.com/S2238-7854(20)31803-2/sbref0070
http://refhub.elsevier.com/S2238-7854(20)31803-2/sbref0070
http://refhub.elsevier.com/S2238-7854(20)31803-2/sbref0070
http://refhub.elsevier.com/S2238-7854(20)31803-2/sbref0070
http://refhub.elsevier.com/S2238-7854(20)31803-2/sbref0070
http://refhub.elsevier.com/S2238-7854(20)31803-2/sbref0070
http://refhub.elsevier.com/S2238-7854(20)31803-2/sbref0070
http://refhub.elsevier.com/S2238-7854(20)31803-2/sbref0070
http://refhub.elsevier.com/S2238-7854(20)31803-2/sbref0070
http://refhub.elsevier.com/S2238-7854(20)31803-2/sbref0070
http://refhub.elsevier.com/S2238-7854(20)31803-2/sbref0070
http://refhub.elsevier.com/S2238-7854(20)31803-2/sbref0070
http://refhub.elsevier.com/S2238-7854(20)31803-2/sbref0070
http://refhub.elsevier.com/S2238-7854(20)31803-2/sbref0070
http://refhub.elsevier.com/S2238-7854(20)31803-2/sbref0070
http://refhub.elsevier.com/S2238-7854(20)31803-2/sbref0070
http://refhub.elsevier.com/S2238-7854(20)31803-2/sbref0070
http://refhub.elsevier.com/S2238-7854(20)31803-2/sbref0070
http://refhub.elsevier.com/S2238-7854(20)31803-2/sbref0070
http://refhub.elsevier.com/S2238-7854(20)31803-2/sbref0070
http://refhub.elsevier.com/S2238-7854(20)31803-2/sbref0070
https://www.sciencedirect.com/science/article/abs/pii/0376458385900573#!
https://www.sciencedirect.com/science/article/abs/pii/0376458385900573#!

20.

21

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

European Journal of Molecular & Clinical Medicine (EJMCM)

ISSN: 2515-8260 Volume 10, Issue 01, 2023

Surface Technology. 1985; 24(4): 391- 399.
Begum AS, Nasser AJA, Sheit HMK, et al. Abrus precatorius leaf aqueous extract as a
corrosion inhibitor on Mild steel in 1.0 M HCI solution. IIBAR. 2019;9(2): 438-450.

. Tuama RJ, Al-Dokheily ME, Khalaf MN. Recycling and evaluation of poly (ethylene

terephthalate) waste as effective corrosion inhibitors for C-steel material in acidic media. Int.
J. Corros. Scale Inhib. 2020; 9(2): 427-445.

Jeeva PA, Mali GS, Dinakaran R, et al. The influence of Co-Amoxiclav on the corrosion
inhibition of mild steel in 1 N hydrochloric acid solution. Int. J. Corros. Scale Inhib. 2019;
8(1): 1-12.

Shanthy P, Thangakani JA, Karthika S, et al. Corrosion inhibition by an aqueous extract of
Ervatamia divaricate. Int. J. Corros. Scale Inhib. 2021; 10(1): 331-348.

Barrahi M, Elhartiti H, A. El Mostaphi, et al. Corrosion inhibition of mild steel by Fennel
seeds (Foeniculum) vulgare Mill) essential oil in 1 M hydrochloric acid solution. Int. J.
Corros. Scale Inhib. 2019; 8(4): 937-953.

Mahalakshmi P, Rajendran S, Nandhini G, et al. Inhibition of corrosion of mild steel in sea
water by an aqueous extract of turmeric powder. Int. J. Corros. Scale Inhib. 2020; 9(2): 706—
725.

Ikhmal WMKWM, Yasmin MYN, Mari MFF. Syaizwadi SM, Rafizah WAW, Sabri MGM,
Zahid, BM. Evaluating the performance of Andrographis paniculata leaves extract as additive
for corrosion protection of stainless steel 316L in sea water. Int. J. Corros. Scale Inhib. 2020;
9(1): 118-133.

Baby AG, Rajendran S, Johnsirani V, et al. Influence of zinc sulphate on the corrosion
resistance of L80 alloy immersed in sea water in the absence and presence of sodium
potassium tartrate and trisodium citrate. Int. J. Corros. Scale Inhib. 2020;9(3): 979-999.
Rajendran S, Srinivasan R, Dorothy R, et al. Green solution to corrosion problems — at a
glance. Int. J. Corros. Scale Inhib. 2019;8(3): 437-479.

Peter A and Sharma S.K. Use of Azadirachta indica (AZI) as green corrosion inhibitor against
mild steel in acidic medium: anti-corrosive efficacy and adsorptive behavior. Int. J. Corros.
Scale Inhib. 2017; 6(2): 112—131.

Karthikeyan S, Abuthahir SSS, Begum AS. Thermodynamic, Adsorption and Electrochemical
Studies of Mild Steel in 0.5M HCI Solution by using Green Inhibitor. Indian Journal of
Natural Sciences. 2021;12(67): 33696 — 33711.

Dehghani A, Bahlakeh G, Ramezanzadeh B et al. Potential role of a novel green eco-friendly
inhibitor in corrosion inhibition of mild steel in HCI solution: Detailed macro/micro-scale
experimental and computational explorations. Constr. Build. Mater. 2020; 245: 118464.

Kicir N, Tansu G, Erbil M et al. Investigation of ammonium (2, 4-dimethylphenyl)-
dithiocarbamateas a new effective corrosion inhibitor for mild steel. Corros. Sci. 2016;105:
88-99.

Rudnik E, Chat K, Wloch G, et al. Influence of Chloride and Sulfate Ions on
Electrodeposition, Wettability and Corrosion Resistance of Zinc Coatings Produced from
Gluconate Solutions. Journal of the electrochemical society. 2019;166: 8.

Jasinski R, LobA. FT-IR Measurements of Iron Oxides on Law Alloy Steel. Journal of
Electrochemical society. 1998135 (3): 551.

Verma C, Ebenso EE, Bahadur I et al. An overview on plant extracts as environmental
sustainable and green corrosion inhibitors for metals and alloys in aggressive corrosive media.
J. Mol. Liq. 2018; 266: 577-590.

Karthikeyan S, Syed Abuthahir SS, Samsath Begum A, et al. Corrosion Inhibition of Mild
Steel in 0.5 M H,SO,4 Solution by Plant Extract of Annona squamosal. Asian Journal of
Chemistry. 2021; 33(9); 2219-2228

Karthikeyan S, Abuthahir SSS, Begum AS et al. Assessment of anti-corrosion potential of

1169


https://www.sciencedirect.com/science/journal/03764583

European Journal of Molecular & Clinical Medicine (EJMCM)

ISSN: 2515-8260 Volume 10, Issue 01, 2023

rosa-sinensis plant leaves extract on mild steel immersed in 0.5M H,SO, IJBPA.
2021;10(11): 138-162

1170


http://ijcsi.pro/

	11. Mohanasundaram, Bharathi, Thirumalai, et al.  Studies on phytochemicals, antibacterial efficacy and antioxidant potency of Capparis sepiaria on enteric pathogens. International J. of Biomolecules and Biomedicine. 2011; 1(3): 01-07p

