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Abstract: The effectiveness of an ethanolic extract from Kyllinga erecta plant (KEP) as a Plant-derived corrosion inhibitor for mild
steel in 0.5 M HCI was examined via the gravimetric analysis method across 298-318 K. KEPE markedly decreased the Surface
degradation rate while enhancing the Inhibitory performance and concentration decrease in temperature. At 7 g/L, inhibition reached
~88 % at 303 K and 63 % at 318 K, demonstrating strong protective capability. Thermodynamic analysis, based on the Langmuir
adsorption isotherm, provided insights into adsorption behavior. The calculated Gibbs free energy of adsorption (AG®.4s), activation
energy (E.), and heat of adsorption (Qads) confirmed a physisorption mechanism, implying electrostatic bonding between Kyllinga
erecta plant extract and the metal interface. This protective barrier efficiently resists acid-induced metal deterioration. Phytochemical
analysis identified bioactive compounds such as tanins, steroids, essential oil, flavonoids and chalcones, which contribute to corrosion
inhibition. These compounds contain electron-donating functional groups that enhance adsorption and film formation. The eco-
friendly, highly efficient, and readily available nature of Kyllinga erecta plant makes it a promising alternative to synthetic inhibitors,
which often pose environmental and health risks.
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Introduction

Mild steel is a valuable and extensively utilized substance across multiple industries, particularly in construction, engineering,
automotive, and chemical processing, attributable to its exceptional mechanical performance affordability, and ease of
fabrication[1-2]. Its strength, weldability, and versatility make mild steel indispensable for manufacturing essential components
such as pipelines, structural frameworks, boilers, heat exchangers, and machinery parts [3]. However, despite these advantages,
mild steel's susceptibility to corrosion in harsh environments poses a significant challenge, leading to equipment degradation,
safety hazards, and substantial economic losses for sectors employing steel-based facilities[5-6].

Corrosion is an inevitable and spontaneous electrochemical process that causes metals to deteriorate over time through reactions
with environmental elements, including moisture, oxygen, and aggressive chemicals such as acids and bases [7]. In industrial
settings, this process is accelerated by conditions like severe pH variations, thermal instability, and aggressive ions making
corrosion prevention a critical issue. Mild steel corrosion results in the formation of iron oxides, leading to material weakening,
structural failure, and increased maintenance and replacement costs [8]. Globally, the financial burden of steel corrosion is
considerable, with annual costs running into billions of dollars due to maintenance, repairs, production downtime, and associated
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environmental and safety risks [9]. Thus, developing effective corrosion inhibition strategies for mild steel is essential,
particularly accross fields such as naval, energy extraction, and industrial chemical production, where metal structures are
exposed to aggressive environments [10].

Corrosion inhibitors offer a practical and cost-effective solution for mitigating metal degradation. Adhering to the metal,
developing a defensive film that inhibits interaction with aggressive species, thereby slowing or halting the corrosion process[11-
12]. Although numerous synthetic corrosion inhibitors have demonstrated effectiveness across various environments, many are
toxic, expensive, and environmentally hazardous, leading to a growing demand for eco-friendly alternatives. This shift has driven
interest in green inhibitors derived from natural resources, which offer biodegradability, low toxicity, cost-effectiveness, and
availability making them particularly suitable for industries adopting sustainable practices [13-15].

Recent research has shown that plant extracts, rich in bioactive compounds containing sulfur, oxygen, nitrogen, and phosphorus,
can function as potent anti-corrosion agents. These factors promote the binding to the metal surface, creating a thin defense layer
that isolates the metal from destructive species [16]. Plant-based inhibitors have demonstrated high inhibition efficiency
comparable to synthetic counterparts, making them a viable alternative [17]. The active components in these extracts, including
alkaloids, flavonoids, terpenoids, and tannins, are believed to interact with the metal surface through electron donation and
adsorption mechanisms, reducing corrosion [18].

Kyllinga erecta, a perennial sedge from the Cyperaceae family. This plant, commonly found in damp grassy areas worldwide, is
known for its medicinal properties and traditional use. In Nigeria, it is locally referred to as "aayaaayaa" by the Hausa and
"dogbodogbo" by the Yoruba [19]. The bioactive compounds present in Kyllinga erecta plant are hypothesized to offer corrosion
inhibition by forming a protective membrane on the mild steel surface in acidic atmospheres.. This aligns with the global trend of
investigating plant-based, eco-friendly corrosion inhibitors, which are increasingly recognized for their efficacy and
environmental compatibility [20]. Therefore, in this study Kyllinga erecta plant was taken to investigate the inhibitive effect for
corrosion of mild steel in 0.5M HCI.

Materials and Method
Collection and Preparation of Plant Extract

Kyllinga erecta plant was gathered from the botanical garden of Federal polytechnic, Ilaro. Following collection, the plant was
carefully washed with distilled water and permitted to air dry in a well-ventilated area for about three weeks. Once dried, the plant
material was ground into a fine powder. A specific quantity of the powdered sample was soaked in ethanol for 48 hours, after
which the mixture underwent filtration with Whatman filter paper, and the filtrate was then subjected to concentration using a
rotary evaporator to remove the solvent, producing a concentrated stock solution.

Preparation of Metal Coupons

The metal coupons of 1.2 x 4.0 x 0.3 cm were used for mass loss measures while 1 x Icm specimens were used for
electrochemical analysis. After mechanical polishing, the samples were cleaned with double distilled water, degreased by acetone,
and then the samples were used in weight loss tests and surface analysis.

Gravimetry Corrosion Experiment

In gravimetric corrosion experiment, mild steel was drilled and cut into individual coupons, each with dimensions of 20 x 20 x 1.1
mm. These coupons were degreased by washing with ethanol, rinsing with distilled water, and finally cleaning with acetone to
ensure quick drying before storage in a desiccator. Each coupon was initially weighed and then immersed in 30 ml of test solution
with varying concentrations (1.0, 2.0, 3.0, 4.0, 5.0, 6.0 and 7.0 gL!) were prepared with 0.5M HCI, in 100 ml beakers. The
beakers were then placed in a water bath set at a constant temperature of 298K, and the immersion time ranged from 1 to 7 hours.
At each hour, the metal coupon was removed, washed with distilled water and rinsed with acetone and reweighed [21-22]. This
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process was repeated at 308K and 318K. the weight loss was calculated, the inhibition efficiency, and corrosion rate of mild steel
were determined using the equation below.

AW
CR= AL e, (1)
Wi
%IE = (1= W2) X 100.... e e eeeeeeeereerin, 2)

Results and Discussion
Impact of Inhibitors Concentration

The results on the protective effectiveness of mild steel in 0.5M HCI at room temperature using varying concentrations of
Kyllinga erecta plant extract are presented in Table 1. It is evident from the experimental outcome that the corrosion rate is
greatly reduced with the increase in concentration of the inhibitor, meaning that the corrosion resistance has certainly enhanced.
This implies that the inhibitor molecules are likely to attach to the interface of the mild steel, creating a shield that decreases the
available active sites, which are susceptible to corrosion, greatly diminishing their numbers. Therefore, the mild steel becomes
increasingly acceptable to a hostile environment without corrosion [20].

After 7 hours of immersion, the most efficient protection of 88% was obtained with 7 grams of KEPE per liter. Because of the
high level of protection, KEPE binding affinity with mild steel surface is strongly evident. As the high level of protection
suggests, this indicates the ability of KEPE to function as a benign inhibitor of deterioration of mild steel in strongly acidic media
[22]. Additionally, the results indicate that perhaps other factors such as the amount of time the surface is submerged or the steel's
surface characteristics can also alter the effectiveness of the inhibitor. [23].

Gravimetric Measurements

The comment method which reviews inhibition of corrosion by measurement of weight loss is accepted as one of the most
accurate methods because it is easy to perform. Thus, it is a basic method for many programs concerned with corrosion
monitoring. This particular investigation involved weight loss assessments carried out at temperatures of 298K, 308K, and 313K
with a KEPE in a chloride acid solution conducted over a broth immersion of 7 hours. This study was staged to define the effect
of varying KEPE in concentration of mild steel 0.5 M hydrochloric acid solution.

The figures together with the table clearly depict the decrease in the corrosion rate together with inhibition efficacy as higher
amount of plant extract of Kyllinga erecta is used. This is suggestive of interplay between the extracts phytochemical constituents
and the mild steel interface which gives rise to an ameliorated protective layer. 88.14% The greatest inhibition performance at
7g/L concentration together with temperature of 303K. This phenomenon is attributed to a particular adhesion process, whereby
bioactive constituents from the extracts attach to the interface of the metal[23-24] and impede the functional sites that catalyze the
COITOSiON Process.

Effect of Temperature

The gravimetric evaluations were carried out at temperatures spanning from 298 K to 318 K.. Thermodynamic variables Were
leveraged to explore the role of temperature, important for understanding the resilience of the inhibitor layer on the metal
interface. The findings indicated that the efficacy of inhibition diminishes (i.e. from 88.14-67.25%) as the temperature rises (i.e.
from 318-298K). In acidic environments, the generation of hydrogen gas typically enhances the electrochemical deterioration,
leading to an increased corrosion rate [21].
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Table 1: Corrosion characteristics of Mild steel exposed to a 0.5 M HCI solution with and without changing concentrations of
KEPE-based on weight loss analysis over 7 hours at varying temperature.

Immersion Concentration of 298K 308K
period inhibitor (gL.-1)
CR IE CR
(mmpy) | (%) | (mmpy)

BLANE 3834 - 42634 | -
1 1932 66.88 | 209.56 | 50.85
2 1791 6930 | 16745 | 60.72
The 3 11.23 8075 | 121.89 | 7141
4 10.12 8227 | 11226 | 73.67
3 846 85.50 | 101.21 76.26
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Figure 1. Amount of inhibitor (g/L) and corrosion rate (mmpy) of mild steel in varying concentrations of KEPE at varying
temperatures in a 0.5M HCI solution.

Vol. 49 No. 1 February 2025 ISSN: 2509-0119 417



International Journal of Progressive Sciences and Technologies (IJPSAT) SCHOLAR Al
ISSN: 2509-0119. ?
© 2025 Scholar AI LLC.

IDPSAT https://ijpsat.org/ Vol. 49 No. 1 February 2025, pp. 414-424

SSN:2508-0119

— 100
&
Z 80
]
T 60 -
\d: .-_-l---
i — —8— 298K
c 40 _——
s _— —e— 208K
Z 20 —0— 318K
=
[
= 0

0 2 4 & 8

Concentration of Inhibitor (g/L)

Figure 2. The inhibitor dosage (g/L) and corrosion inhibition performance (%IE) of mild steel in varying concentrations of KEPE
at different temperatures in a 0.5M HCIl solution.

Adsorption Isotherm

Langmuir isotherm model best describes the phenomenon when alloyed steel surfaces are covered in protective coating of the
inhibitor compounds; it explains how the affinity of the metal for the inhibitor's adsorbing atoms is strong enough to allow them
to bond to the surface, thus effectively preventing the corrosion process. Adsorption isotherms provide one of the simplest
mathematical representations of the adsorption process. These equations relate the amount of adsorbate on a surface to the
concentration of the adsorbate in the surroundings[25]. The following equation can be used to represent Langmuir isotherm.

€ 1

5= Tams T C

C represent the inhibitor's concentration, 0 for the percentage of the surface covered, and Kags for the adsorption coefficient. The
analysis and straight-line fitting of the connection between C/0 and C in Figure 5 produced regression coefficients of 0.9974 at
298 K, 0.9991 at 308 K and 0.9698 at 318 K. Strong evidence that the adsorption process follows the Langmuir adsorption

isotherm is provided by these values, which are almost identical to one. The following formula was used to calculate the free
energy of adsorption, or Gags, from the equilibrium constant of adsorption:

AG®%45= -RTIN(55.5Kads) «-vveveeereeeeeeeeaenn, @)

T denotes the absolute temperature, R stands for the universal gas constant, and 55.5 represents the molar concentration of water
in the solution. It is widely recognized that physisorption, driven by Coulombic interactions between charged inhibitor molecules
and the charged metal surface, is characterized by AGags values of 20 kJ/mol or lower. Conversely, AGags values of -40 kJ/mol or
higher signify chemisorption, which involves the transfer or sharing of charges between organic molecules and the metal surface,
leading to the formation of a coordinate-type metallic bond. From the Langmuir plot's intercept, the average K.4¢s value was
determined to be 1.08 g/L (refer to Table 2). The AGags values obtained in this study were 5.20 kJ/mol at 318 K, 11.23 kJ/mol at
308 K, and 16.32 kJ/mol at 298 K. These results suggest that the adsorption process is predominantly physisorption, indicating
that the formation of an inhibitor molecule layer on the metal surface effectively mitigates corrosion [26]. The negative AGags
values further confirm the spontaneous adsorption of inhibitor molecules onto the metal surface. The AG,qs data at all temperature
are shown in table 2. The (AH.4s) was measure agreeing to the Van’t Hoff equation

Log Kads = -AHads/2.303RT + constant ............oeevieieninniniinenen.n 5)
The ASaqs data was calculated and recorded in table 3. Then by applying the next balance:
AGads = AHads = TASads v venenineii e, (6)
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Figure 3. Langmuir adsorption isotherm plot for the adsorption of different concentration of KEPE on the surface of Mild Steel in
0.5 M HCl solution for 7 hours at varying temperatures.

Table 2: Langmuir adsorption constant and change in free energy at different temperature.
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Table 3. Activation parameters (Ea, AH and AS) for Mild Steel in the presence and absence of different concentration of KEPE.

Cinh g/l E.. kITmol! AH. kImol! -AS,
Blank 4703 4563 1432
1 7643 75.03 232
2 7612 74.60 230
3 86.63 85.12 261°
4 8861 87.09 267 ¢
5 90.01 BB 62 271

FTIR Analysis of Kyllinga erecta Plant Extract

The analysis of corrosion-inhibiting components in the extract was conducted using FTIR (Fourier transform infrared
spectroscopy), a method employed to detect functional groups within molecules. Figure 5 illustrates the FTIR spectra of KEPE
and its adsorption on a mild steel substrate. In the FTIR spectrum of the KEPE, the peak observed at 452 cm™ is attributed to the
bending vibration of the C-H bond. A peak at 600 cm™ is associated with either C-C-C bending vibrations or C-O out-of-plane
bending vibrations in aromatic rings. Additionally, the signal at 834 cm™ corresponds to C-H or C-O-C bending vibrations. Peaks
below 1000 cm™ are linked to aliphatic or aromatic C-H bonds. These findings suggest that the KEPE contains a variety of
functional groups, indicating its potential as an effective corrosion inhibitor [23-26].

Further analysis reveals that the peak at 1046 cm™ is indicative of C-O stretching vibrations (primary or secondary alcohol) or C-
N stretching vibrations (amine). The peak at 1422 cm™ is attributed to C-H bending vibrations in alkane groups or C-O-H
bending vibrations in carboxylic acids. A prominent peak at 3298 cm™ corresponds to O-H or N-H stretching vibrations,
characteristic of hydroxyl and amine groups, respectively. The peak at 2322 cm™ is associated with O-H stretching vibrations
(hydrogen-bonded) or C=C stretching vibrations in alkynes. Lastly, the signal at 2910 cm™ is related to C-H stretching vibrations
in alkanes. These observations collectively highlight the presence of diverse functional groups in the extract, supporting its
potential as a corrosion inhibitor.
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Figure 4. FTIR Analysis of KEPE
Surface Morphology

The mild steel surface, after being immersed in 0.5 M HCI for 5 hours at 25 °C, was examined using scanning electron
microscopy (SEM) to assess the impact of KEPE at a concentration of 1 g/L. As shown in Fig. 5, the steel interface directly
exposed to the acid displayed minimal roughness, indicating significant corrosion activity caused by the acid. The corrosion
damage was uniform, with no clear signs of localized corrosion. In contrast, the addition of KEPE led to a noticeable reduction in
surface roughness, suggesting that the extract effectively reduced the corrosion process. This protective effect is likely due to the
development of a barrier layer on the metal interface, which limits the penetration of corrosive agents. Additionally, slight traces
of the extract were observed on the steel surface, further supporting its role in corrosion mitigation[16-18].

Figure 5. Scanning Electronic Microscopy (SEM)-images of Mild Steel (MS) (X) Ordinary MS (Y) MS in 0.5M HCI Solution (Z)
MS in the presence of KEPE.
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EDX Results

The Energy Dispersive X-ray (EDX) technique was utilized to analyze the surface composition of mild steel submerged in a 0.5
M HCI solution, with and without an KEPE. The EDX spectra related to these two situations are shown in Figure 8. Without the
inhibitor, the iron (Fe) content measured at 74.60%, but it dropped to 63.50% upon the application of the optimal concentration of
KEPE. The spectra shown in Figure 8 show a notable decrease in the Fe peaks for the sample that was treated with the inhibitor in
comparison to the untreated sample. This reduction indicates the creation of a protective film on the mild steel interface due to the
inhibitory effect[23].

Figure 6. X-ray Diffraction (XRD)-images of Mild Steel (MS) (A) Ordinary MS (B) MS in 0.5M HCI Solution (C) MS in the
presence of KEPE.

Conclusion

The KE plant extract has shown to successfully prevent the corrosion of mild steel in a 0.5 M hydrochloric acid (HCI) solution.
Gravimetric analyses showed that the inhibition effectiveness reached 88% with a minimal extract concentration of 7 g/L. It was
noted that effectiveness enhanced with greater extract concentrations but declined as the temperature increased. The inhibitor
species' adsorption features were determined to correspond with the Langmuir isotherm model, and the computed free energy of
adsorption suggested a spontaneous process, verifying the bonding of the inhibitor species to the mild steel surface. A
chemisorption mechanism was suggested for the interaction of KEPE species with the steel surface in a 0.5 M HCI
solution,corroborated by the connection between extract adsorption and solution temperature. This mechanism was additionally
supported by the determined activation energy (Ea) and heat of adsorption (Q.ds) values, which offered further evidence for the
corrosion inhibition behavior noted [26-27].

ACKNOWLEDGMENT

The authors extend their heartfelt appreciation to the Research and Development Centre of the Federal Polytechnic Ilaro and the
Tertiary Education Trust Fund (TETFUND) for their generous financial support in carrying out this study.

Vol. 49 No. 1 February 2025 ISSN: 2509-0119 422



International Journal of Progressive Sciences and Technologies (IJPSAT) SCHOLAR Al
ISSN: 2509-0119. ?
© 2025 Scholar AI LLC.

IJPSAT https://ijpsat.org/ Vol. 49 No. 1 February 2025, pp. 414-424

SSN:2508-0119

REFERENCE

[1] A. Biswas, P. Mourya, D. Mondal, S. Pal, G. Udayabhanu, Grafting effect of gum acacia on mild steel corrosion in
acidic medium: gravimetric and electrochemical study, J. Mol. Liq. 251 (2018) 470—479.

[2] B. Tan, S. Zhang, H. Liu, Y. Qiang, W. Li, L. Guo, S. Chen, Insights into the inhibition mechanism of three 5-
phenyltetrazole derivatives for copper corrosion in sulfuric acid medium via experimental and DFT methods, J. Taiwan
Inst. Chem. E. 102 (2019) 424-437.

[3] S.K. Hari Kumar Sappani, 4Chloro-2-((furan-2-ylmethyl) amino)-5- sulfamoylbenzoic Acid (FSM) and
N(Isopropylcarbamoyl)-4(mtolylamino) Pyridine-3sulfonamide (TSM) as potential inhibitors for mild steel corrosion in
1 N H2SO4 medium. Part I, Ind. Eng. Chem. Res. 53 (2014) 3415-3425.

[4] Sudheer, M.A. Quraishi, 2-Amino-3,5-dicarbonitrile-6-thio-pyridines: new and effective corrosion inhibitors for mild
steel in 1 M HCI, Ind. Eng. Chem. Res. 53 (2014) 2851-2859

[5] J. Zhang, L. Zhang, G. Tao, A novel and high-efficiency inhibitor of 5-(4- methoxyphenyl)-3h-1,2-dithiole-3-thione for
copper corrosion inhibition in sulfuric acid at different temperatures, J. Mol. Liq. 272 (2018) 369— 379.

[6] K.R. Ansari, D.S. Chauhan, M.A. Quraishi, T.A. Saleh, Bis(2-aminoethyl)aminemodified graphene oxide nanoemulsion
for carbon steel protection in 15% HCI: effect of temperature and synergism with iodide ions, J. Colloid Interf. Sci. 564
(2020) 124-133.

[7] B. Tan, S. Zhang, W. Li, X. Zuo, Y. Qiang, L. Xu, J. Hao, S. Chen, Experimental and theoretical studies on inhibition
performance of Cu corrosion in 0.5 M H2SO4 by three disulfide derivatives, J. Ind. Eng. Chem. 77 (2019) 449-460.

[8] H. Zhang, X. Pang, K. Gao, Effect of surface roughness on the performance of thioureido imidozaline inhibitor in CO2-
saturated brine, Corros. Sci. 157 (2019) 189-204.

[9] H. Lgaz, [.-M. Chung, R. Salghi, I.H. Ali, A. Chaouiki, Y. El Aoufir, M.I. Khan, On the understanding of the adsorption
of Fenugreek gum on mild steel in an acidic medium: insights from experimental and computational studies, Appl. Surf.
Sci. 463 (2019) 647-658.

[10] S. Chen, S. Chen, B. Zhu, C. Huang, W. Li, Magnolia grandiflora leaves extract as a novel environmentally friendly
inhibitor for Q235 steel corrosion in 1 M HCI: combining experimental and theoretical researches, J. Mol. Liq. 311
(2020) 113312.

[11] Y. Qiang, S. Zhang, H. Zhao, B. Tan, L. Wang, Enhanced anticorrosion performance of copper by novel N-doped carbon
dots, Corros. Sci. 161 (2019) 108193.

[12] M. Abd El-Raouf, E.A. Khamis, M.T.H. Abou Kana, N.A. Negm, Electrochemical and quantum chemical evaluation of
new bis(coumarins) derivatives as corrosion inhibitors for carbon steel corrosion in 0.5 M H2SO04, J. Mol. Liq. 255
(2018) 341-353.

[13] B.R.M. Motamedi, M. Mahdavian, Corrosion inhibition properties of a green hybrid pigment based on Pr-Urtica Dioica
plant extract, J. Ind. Eng. Chem. 66 (2018) 116-125.

[14] L.H. Madkour, S. Kaya, [.B. Obot, Computational, Monte Carlo simulation and experimental studies of some
arylazotriazoles (AATR) and their copper complexes in corrosion inhibition process, J. Mol. Liq. 260 (2018) 351-374.

[15] E. Alibakhshi, M. Ramezanzadeh, G. Bahlakeh, B. Ramezanzadeh, M. Mahdavian, M. Motamedi, Glycyrrhiza glabra
leaves extract as a green corrosion inhibitor for mild steel in 1 M hydrochloric acid solution: experimental, molecular
dynamics, Monte Carlo and quantum mechanics study, J. Mol. Liq. 255 (2018) 185-198.

Vol. 49 No. 1 February 2025 ISSN: 2509-0119 423



International Journal of Progressive Sciences and Technologies (IJPSAT) SCHOLAR Al
ISSN: 2509-0119. ?
© 2025 Scholar AI LLC.

IJPSAT https://ijpsat.org/ Vol. 49 No. 1 February 2025, pp. 414-424

SSN:2508-0119

[16]

[17]

[18]

[19]

(22]

(23]

[24]

[25]

[26]

(27]

R. Hsissou, F. Benhiba, O. Dagdag, M. El Bouchti, K. Nouneh, M. Assouag, S. Briche, A. Zarrouk, A. Elharfi,
Development and potential performance of prepolymer in corrosion inhibition for carbon steel in 1.0 M HCI: outlooks
from experimental and computational investigations, J. Colloid Interf. Sci. 574 (2020) 43-60.

R. Sadeghi Erami, M. Amirnasr, S. Meghdadi, M. Talebian, H. Farrokhpour, K. Racissi, Carboxamide derivatives as
new corrosion inhibitors for mild steel protection in hydrochloric acid solution, Corros. Sci. 151 (2019) 190-197.

Y. Qiang, S. Fu, S. Zhang, S. Chen, X. Zou, Designing and fabricating of single and double alkyl-chain indazole
derivatives self-assembled monolayer for corrosion inhibition of copper, Corros. Sci. 140 (2018) 111-121.

Zahra Sanaei, Mohammad Ramezanzadeh, B. Ghasem Bahlakeh, Ramezanzadeh, Use of Rosa canina fruit extract as a
green corrosion inhibitor for mild steel in 1 M HCI solution: a complementary experimental, molecular dynamics and
quantum mechanics investigation, J. Ind. Eng. Chem. 69 (2019) 18-31.

Y. Qiang, H. Li, X. Lan, Self-assembling anchored film basing on two tetrazole derivatives for application to protect
copper in sulfuric acid environment, J. Mater. Sci. Technol. 52 (2020) 63-71.

L. Guo, J. Tan, S. Kaya, S. Leng, Q. Li, F. Zhang, Multidimensional insights into the corrosion inhibition of 3,3-
dithiodipropionic acid on Q235 steel in H2SO4 medium: a combined experimental and in silico investigation, J. Colloid
Interf. Sci. 570 (2020) 116-124.

S. Chen, H. Zhao, S. Chen, P. Wen, H. Wang, W. Li, Camphor leaves extract as a neoteric and environment friendly
inhibitor for Q235 steel in HCl medium: combining experimental and theoretical researches, J. Mol. Liq. 312 (2020)
113433

R. Hsissou, F. Benhiba, O. Dagdag, M. El Bouchti, K. Nouneh, M. Assouag, S. Briche, A. Zarrouk, A. Elharfi,
Development and potential performance of prepolymer in corrosion inhibition for carbon steel in 1.0 M HCI: outlooks
from experimental and computational investigations, J. Colloid Interf. Sci. 574 (2020) 43-60.

R. Sadeghi Erami, M. Amirnasr, S. Meghdadi, M. Talebian, H. Farrokhpour, K. Raeissi, Carboxamide derivatives as
new corrosion inhibitors for mild steel protection in hydrochloric acid solution, Corros. Sci. 151 (2019) 190-197.

A. Singh, K.R. Ansari, D.S. Chauhan, M.A. Quraishi, H. Lgaz, .M. Chung, Comprehensive investigation of steel
corrosion inhibition at macro/micro level by ecofriendly green corrosion inhibitor in 15% HCl medium, J. Colloid Interf.
Sci. 560 (2020) 225-236.

X. Luo, C. Ci, J. Li, K. Lin, S. Du, H. Zhang, X. Li, Y.F. Cheng, J. Zang, Y. Liu, 4- aminoazobenzene modified natural
glucomannan as a green eco-friendly inhibitor for the mild steel in 0.5 M HCI solution, Corros. Sci. 151 (2019) 132—
142.

M. Corrales-Luna, T. Le Manh, M. Romero-Romo, M. Palomar-Pardavé, E.M. Arce-Estrada, 1-Ethyl 3-
methylimidazolium thiocyanate ionic liquid as corrosion inhibitor of API 5L X52 steel in H2SO4 and HCI media,
Corros. Sci. 153 (2019) 85-99.

Vol. 49 No. 1 February 2025 ISSN: 2509-0119 424



