
Abakedi et al., J. Mater. Environ. Sci., 2024, 15(9), pp. 1282-1293 1282 

 

 

 

J. Mater. Environ. Sci., 2024, Volume 15, Issue 9, Page 1282-1293 

 

http://www.jmaterenvironsci.com 

 

Journal of Materials and  
Environmental Science 
ISSN : 2028-2508 
e-ISSN : 2737-890X 
CODEN : JMESCN 
Copyright © 2024, 

 

 

Adsorption Characteristics and Inhibition Effect of Telfairia 

occidentalis Stem Extract on Mild Steel Corrosion in Acidic Medium 
 

Abakedi O. U. 1*, James M. A. 1, Udongwo A. M. 2  
1Department of Chemistry, University of Uyo, Uyo, Nigeria 

2Department of Chemistry, Akwa Ibom State College of Education, Afaha Nsit, Nigeria  

*Corresponding author, Email address: okonabakedi@uniuyo.edu.ng 
 

 
 

Received 11 Aug 2024, 

Revised  09  Sept 2024, 

Accepted 10 Sept 2024 

Keywords:  

✓ Telfairia occidentalis; 

✓ Corrosion inhibition;  

✓ Mild steel;  

✓ Physisorption; 

✓ Langmuir isotherm 

 
Citation: Abakedi O. U., James 

M. A., Udongwo A. M. (2024) 

Adsorption Characteristics and 

Inhibition Effect of Telfairia 

Occidentalis Stem Extract on 

Mild Steel Corrosion in Acidic 

Medium, J. Mater. Environ. Sci., 

15(9), 1282-1293  

Abstract: The corrosion inhibitory potential of Telfairia occidentalis stem 

extract (TOSE) on mild steel in 1 M H2SO4 solution was investigated by weight 

loss and hydrogen evolution methods. The weight loss data reveal that at constant 

temperature, the corrosion rate of mild steel decreases with increase in extract 

concentration. The inhibition efficiency of TOSE increases with increase in 

extract concentration but decreases with a rise in temperature. The hydrogen 

evolution data indicate that the increase in the inhibition efficiency with increase 

in TOSE concentration is due to a drastic reduction in the hydrogen evolution 

rate by the extract. The calculated thermodynamic parameters reveal that the 

corrosion inhibition process is endothermic in nature. Based on a decrease in 

inhibition efficiency with a rise in temperature as well as a higher activation 

energy (Ea) in the presence of the extract relative to the blank, physisorption 

process has been proposed for the adsorption of TOSE on mild steel surface. The 

surface morphology of the mild steel coupons by SEM analysis confirms that the 

mild steel surface in the presence of TOSE was smoother compared to that in the 

blank which was severely corroded. The adsorption of TOSE on mild steel 

surface obeys the Langmuir adsorption isotherm 

 

1. Introduction 

 Metals are unavoidably exposed to aggressive environments in some industrial processes. The 

standard practice is to add corrosion inhibitors to the aggressive media in order to reduce the rate of 

metal corrosion and hence extend their service life. The traditional corrosion inhibitors in common use 

are synthesized organic compounds containing heteroatoms like N, O, S and/or P (Abakedi et al., 2020; 

Berisha, 2022; Singaravelu and Bhadusha, 2022; Singaravelu et al., 2022; Ashmawy et al., 2023). The 

major drawback to the use of these inhibitors nowadays is their high toxicity and environmentally - 

unfriendly characteristics (Belghiti et al., 2020; Zarrouk et al., 2013; Bouklah et al., 2004). Fortunately, 

green corrosion inhibitors have been extracted from biomass (Umoren et al., 2016). Some stem extracts 

reported as potential corrosion inhibitors for mild steel in acidic medium include Sida acuta stem 

extract (Umoren et al., 2016). Corchorus olitorius stem extract (Oyewole et al., 2021), Pterocarpus 

marsupium stem extract (Lavanya et al., 2023), opuntia stem extract (Honarmand et al., 2017), Acacia 

milotica stem extract (Mahgoud et al., 2019). Eupartorium adenophora spreng stem extract (Wong et 
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al., 2024) and banana pseudo – stem extract (Honesty et al., 2024). Researches are ongoing in order to 

find more efficient corrosion inhibitors for mild steel in acidic medium (Hmaimou et al., 2025). 

Telfairia occidentalis (commonly called fluted pumpkin) is a staple vegetable in Nigeria. It belongs to 

the family Cucurbitaceae. The leaves and seeds of T. occidentalis are edible while the stems are 

discarded as waste. Preliminary phytochemical screening of T. occidentalis stem extract indicates the 

presence of alkaloids, saponins, tannins, flavonoids, terpenes, glycosides and phenolics (Bliss et al., 

2022). Some parts of T. occidentalis reported as potential corrosion inhibitors on mild steel in acidic 

medium include T. occidentalis leaf extract (Oguzie, 2005; Nwabanne et al., 2011), T. occidentalis 

rind/pod extract (Akpan et al., 2018; Okewale and Adebayo, 2020). The use of T. occidentalis stem 

extract as corrosion inhibitor for mild steel in acidic medium has not been systematically studied 

(Ananaba and Okonkwo, 2023). The aim of this work is to assess the inhibitory potential of T. 

occidentalis stem extract on mild steel corrosion in acidic medium. 

2. Methodology 

2.1 Test materials 

The mild steel sheet used for this work had the following chemical composition (w/w %): C (0.12), 

Mn (0.85), S (0.06), P (0.05), Si (0.09) and Fe (98.83). Fresh stems of Telfairia occidentalis were 

collected from a grocery store in Uyo, Nigeria and authenticated by a plant taxonomist in the 

Department of Botany and Ecological Studies, University of Uyo, Uyo, Nigeria.  
 

2.2 Preparation of Telfairia occidentalis stem extract 

Fresh Telfairia occidentalis stems were washed with deionized water, cut into small pieces. and oven-

dried at 50 °C until constant weight. They were then ground to powder using a grinder. The dried 

ground sample of T. occidentalis stem was macerated with 90% ethanol for three days, with intermittent 

stirring, at room temperature in a glass trough with cover. The mixture was then filtered. The filtrate 

was evaporated in a water bath at 40 °C to constant weight, leaving a dark green extract in the beaker. 

Extract concentrations of 0.5 g/L, 1.0 g/L, 1.5 g/L and 2.0 g/L, respectively, were prepared in 1 M 

H2SO4 solution for both the weight loss and hydrogen evolution studies. 

2.3 Weight loss method 

Pre – washed and weighed mild steel coupons were suspended by glass hooks and completely 

immersed in separate 100 ml beakers containing 1 M H2SO4 solution (blank) and different 

concentrations of T. occidentalis stem extract (0.5 g/L, 1.0 g/L, 1.5 g/L, and 2.0 g/L) in a thermostatic 

water bath maintained at 30 °C, 40 °C, 50 °C and 60 °C, respectively. After four (4) hours, the coupons 

were retrieved from the corrodent, scrubbed with bristle brush under running water. They were then 

dipped into acetone and air – dried before reweighing. The weight losses of the coupons, in the absence 

and presence of the extract, were recorded.  

The weight loss was used to calculate the corrosion rate, CR (mg cm-2 hr-1), using the Eqn 1 (Abakedi 

et al., 2016):  
 

CR (mg cm−2hr−1) =
W

A.t
           Eqn. 1  

where W is the weight loss of mild steel coupon (mg), A is the surface area (cm2) and t is the immersion 

time (hours).  

The inhibition efficiency, IwL (%), of mild steel was obtained using Eqn 2 (Abakedi et al., 2024):  
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IWL(%) = (1 −
W1

W0
) × 100          Eqn. 2  

where w1 and w0 are weight losses of mild steel coupons in 1 M H2SO4 solution with and without 

inhibitor, respectively. 

2.4 Hydrogen evolution method 

The hydrogen evolution tests (via a gasometric assembly) were done as described in previous 

publications (Abakedi and Asuquo, 2016; Abakedi and Sunday, 2017). The corrodent was 100 ml of 1 

M H2SO4 solution. About 8 g mild steel coupon was dropped into the 1 M H2SO4 solution (blank) and 

the reaction vessel quickly corked. The volume of H2 gas evolved from the corrosion reaction was 

recorded every 60 seconds for 60 minutes. The experiment was repeated using 0.5 – 2.0 g/L T. 

occidentalis stem extract (TOSE) in 1 M H2SO4 solution. The inhibition efficiency IHE (%) was 

evaluated using Eqn. 3 (Abakedi and Sunday, 2017):  

  

IHE = (1 −
V1

V0
) × 100         Eqn 3 

where V0 and V1 are the hydrogen evolution rates of mild steel coupons in 1 M H2SO4 solution 

without and with inhibitor, respectively. 

 

2.5 Scanning Electron Microscopy Study 

Mild steel coupons (4 cm × 4 cm) were abraded to mirror finish, cleaned and dried. The morphologies 

of the surfaces of the coupons immersed in 100 ml 1 M H2SO4 for four hours without and with 2.0 g/L 

TOSE were scanned using FEI Nova NanoSEM 230 analyzer. 

3. Results and Discussion 

3.1 Effect of Telfairia occidentalis stem extract concentration on inhibition efficiency 

The effect of Telfairia occidentalis stem extract (TOSE) concentration on the corrosion rate of 

mild steel in 1 M H2SO4 solution at 30 °C is shown in Figure 1. It is observed that there is a drastic 

reduction in the corrosion rate of mild steel in the presence of the extract compared to that of the blank. 

 
Figure 1: Effect of T. occidentalis stem extract concentration on the corrosion rate of mild steel in 1 M 

H2SO4 solution at 30 °C 
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The resultant effect is an increase in the inhibition efficiency of mild steel in the corrodent, as shown 

in Figure 2. Figure 2 reveals that at constant temperature, the inhibition efficiency increases with 

increase in TOSE concentration. The highest inhibition efficiency of 72.56% was obtained at extract 

concentration of 2.0 g/L at 30 oC. This indicates that TOSE inhibited the corrosion of mild steel in the 

1 M H2SO4 solution. Additionally, an increase in inhibition efficiency with increase in extract 

concentration signifies that the adsorption of the extract on mild steel. surface is concentration – 

dependent.   

 
Figure 2: Effect of T. occidentalis stem extract (TOSE) concentration on inhibition efficiency 

of mild steel in 1 M H2SO4 solution 

 

3.2 Hydrogen Evolution Measurements 

The results of the hydrogen evolution test, illustrated in Figure 3 indicate an appreciable reduction in 

the volume of hydrogen gas evolved in the presence of TOSE relative to the blank. The extract probably 

adsorbed on the mild steel surface and hindered the evolution of hydrogen gas. The inhibition 

efficiency by the hydrogen evolution method, presented in Table 1, indicates an increase in inhibition 

efficiency as TOSE concentration increases. The highest inhibition efficiency by this method was 

74.80% at 2.0 g/L extract concentration. The inhibition efficiency by both weight loss and hydrogen 

evolution methods followed a similar trend, thus indicating that TOSE appreciably inhibited the 

corrosion of mild steel in 1 M H2SO4 solution. 

3.3 Effect of Temperature on Inhibition Efficiency 

The inhibition efficiency of TOSE was affected by changes in the temperature of the system, as 

presented in Table 2. A rise in temperature resulted in a decrease in the inhibition efficiency of TOSE 

on mild steel. A decrease in inhibition efficiency with a rise in temperature indicates that the extract 

functioned more effectively as an inhibitor at a lower temperature than at a higher temperature. 

Furthermore, as temperature rises, some extract desorbs from the mild steel surface, hence reducing 

the surface coverage and inhibition efficiency. 
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Figure 3: Volume – time curve obtained in the absence and presence of various concentrations of T. 

occidentalis stem extract on mild steel in 1 M H2SO4 solution at 30 °C 

 

Table 1: Effect of T. occidentalis stem extract concentration on inhibition efficiency of mild steel in 1 

M H2SO4 solution at 30°C (Hydrogen evolution measurements) 
Extract concentration (g/L) H2 evolution rate (cm3/min) Inhibition efficiency (%) 

1 M H2SO4 (Blank) 0.496 - 

0.5 0.315 36.49 

1.0 0.202 59.27 

1.5 0.147 70.38 

2.0 0.125 74.80 

 

Table 2: Calculated values of corrosion rate and inhibition efficiency for mild steel in 1 M H2SO4   in 

the absence and presence of different concentrations of T. occidentalis stem extract at 30 °C – 60 °C 

Extract 

conc. 

(g/L) 

Corrosion rate 

(mg cm-2 hr-1) 

Inhibition efficiency 

(%) 

 30 oC 40 oC 50 oC 60 oC 30 oC 40 oC 50 oC 60 oC 

Blank 2.5102 5.2078 9.0203 20.8336 - - - - 

0.5  1.5195 3.3922 6.6500 15.9016 39.46 34.86 26.28 23.67 

1.0  0.9742 2.1492 4.4766 12.5813 61.19 58.73 50.37 39.61 

1.5  0.7578 1.6211 3.7438 10.0250 69.81 68.87 63.66 51.88 

2.0  0.6891 1.5625 3.0734 8.5484 72.55 70.00 65.93 54.65 

 

The activation energies (Ea) of the corrosion process in the absence and presence of TOSE, 

respectively, were calculated using the Arrhenius equation (Eqn 4) (Abakedi and Asuquo, 2016): 
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ln CR =
−Ea

RT
+ ln A                                                                𝐄𝐪𝐧. 𝟒   

where R is the universal gas constant, CR is the corrosion rate; T is the temperature in Kelvin while A 

is the pre-exponential factor. 

The activation energies (Ea) of mild steel corrosion in 1 M H2SO4, with and without TOSE, were 

obtained from the gradients of ln CR vs. 1/T plots (Figure 4), and the results are presented in Table 3.  

It is observed that the Ea values in the presence of TOSE are higher than the Ea of the blank (57.36 kJ 

mol-1). An increase in the Ea value in the presence of the extract relative to the blank implies that the 

extract increased the activation energy barrier of the corrosion reaction, thus slowing down the 

corrosion process. Additionally, an increase in the Ea value in presence of the extract relative to the 

blank signifies a physisorption process (Bentiss et al., 2007; Ashmawy et al., 2023). 

The values of enthalpy of activation (ΔH°ads) and entropy of activation (ΔS°ads) were evaluated from 

an alternative formulation of the Transition State equation (Eqn. 5) Abakedi and Asuquo, 2016): 

ln (
CR

T
) = [ln (

R

Nh
) + 

∆So
ads

R
] - 

∆Ho
ads

RT
                                                 𝐄𝐪𝐧. 𝟓 

 

where CR is the corrosion rate, T is temperature in Kelvin, R is the universal gas constant, N is 

Avogadro’s number, A the Arrhenius pre-exponential factor, while h is the Planck’s constant. 

Linear plots of ln (CR/T) vs. 1/T Figure 5 with gradients of (-ΔH°ads/R) and intercepts of [ln (R/Nh) + 

ΔS°ads/R] were obtained from which the values of ΔH°ads and ΔS°ads were evaluated and presented in 

Table 3. The positive values of ΔH°ads both in the absence and presence of TOSE signify that the 

corrosion process was endothermic. Also, the negative values of ΔS°ads obtained indicate a decrease in 

the disorderliness of the system (Hammouti et al., 2011). 

 
Figure 4: Arrhenius plot for mild steel corrosion in 1 M H2SO4 in the absence and presence of 

TOSE 
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Figure 5: Transition State plot for mild steel corrosion in 1 M H2SO4 in the absence and presence of 

TOSE  

Table 3: Calculated values of thermodynamic parameters for mild steel corrosion in 1 M H2SO4 in the 

absence and presence of T. occidentalis stem extract 
  

Extract conc. (g/L) Ea (kJ mol-1) ΔH (kJ mol-1) ΔS (JK-1mol-1) 

1 M H2SO4 (Blank) 57.36 54.71 -56.89 

0.5 64.16 61.52 -38.56 

1.0 69.91 67.28 -23.62 

1.5 71.37 68.73 -20.99 

2.0 68.44 65.80 -31.25 

 

3.4 Adsorption studies 

The adsorption of TOSE on mild steel surface were fitted into several adsorption isotherms. The best 

fit was obtained with the Langmuir adsorption isotherm defined by Eqn. 6 (Bhuvaneswari et al., 2020; 

Ran et al., 2023):        

C

θ
=

1 

Kads
+ 𝐶                                                                                          𝐄𝐪𝐧 𝟔 

where θ is the degree of surface coverage, C is the concentration of inhibitor and Kads is the equilibrium 

constant of the adsorption process. 

Linear plots of C/θ vs. C with high R2 values (Figure 6) confirm that the adsorption of TOSE on mild 

steel surface obeyed the Langmuir adsorption isotherm. From the intercepts of the graph, values of Kads 

were obtained and presented in Table 4. Table 4 reveals that the highest value of Kads was obtained at 
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30 °C. Furthermore, the value of Kads decreases as the temperature rises from 30 °C to 60 °C. A decrease 

in the value of Kads with increase in temperature indicates that the extract was most strongly adsorbed 

on mild steel surface at 30 °C. A decrease in the value of Kads as well as a decrease in the inhibition 

efficiency with a rise in temperature of the system signifies a physisorption process. 

 
Figure 6: Langmuir isotherm for mild steel corrosion in 1 M H2SO4 in the absence and   presence of 

TOSE 

  

Table 4: Some parameters of the linear regression of Langmuir adsorption isotherm for mild steel 

corrosion in 1 M H2SO4 containing TOSE 

Temperature R2 n 1/ Kads (g L-1) Kads (L g-1) 

303 K 0.9884 0.9968 0.7058 1.4168 

313 K 0.9639 0.9489 0.8569 1.1670 

323 K 0.9339 0.7943 1.3786 0.7254 

333 K 0.9960 0.8411 1.6786 0.5957 

 

Examination of literature indicated that this natural extract is rich in alkaloids, flavonoids, Saponins, 

tannins … (Enin et al., 2024). These kinds of molecules containing heteroatoms (O, N, S…) as well as 

aromatic rings are easily adsorbed at the metal surface to create a barrier against the arrival of 

aggressive ions (H+) responsible of the degradation of steel in acidic media (Aourabi et al., 2021). The 

inhibition process is generally interpreted by the synergistic intermolecular effect of the various 

components of the natural extract (Batah et al., 2024; Lrhoul et al., 2023).  

3.5 SEM Analysis 

The surface morphology of mild steel coupons in 1 M H2SO4 as analyzed by SEM in the absence and 

presence of 2 g/L TOSE are presented in Figure 7(a and b). Figure 7(a) reveals that mild steel was 

severely corroded in 1 M H2SO4 solution (blank) as the surface is very rough with cracks while Figure 

7(b) reveals that mild steel coupon in the presence of 2.0 g/L TOSE is smoother. This signifies that the 

extract adsorbed onto the mild steel surface and protected it from attack by aggressive ions in solution.  
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(a) 

 

(b) 

Figure 7: Surface morphology of mild steel in 1 M H2SO4 in the (a) absence and (b) presence of TOSE  

Conclusion 

On the basis of this work, the following conclusions could be drawn: 

i Telfairia occidentalis stem extract (TOSE) appreciably inhibited the corrosion of mild steel in 
sulphuric acid solution. It exhibits potential as an eco– friendly corrosion inhibitor. 
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ii The inhibition efficiency increases as the concentration of TOSE increases. However, as the 

temperature rises, the inhibition efficiency decreases indicating that the inhibition efficiency is 

temperature – dependent. 

iii The calculated thermodynamic parameters indicate that the corrosion inhibition process by TOSE 

is endothermic in nature, implying absorption of energy during the inhibition process.  
 

iv.        The adsorption of TOSE on mild steel surface obeyed the Langmuir adsorption isotherm. The values 

of Kads indicate that the adsorption of TOSE on mild steel weakens as temperature rises. 
 

v.        SEM analyses reveal that TOSE protected the mild steel surface more than the blank, probably 

by adsorbing on it and preventing attack by aggressive ions in solution. 

Disclosure statement: Conflict of Interest: The authors declare that there are no conflicts of interest. 

Compliance with Ethical Standards: This article does not contain any studies involving human or animal 
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References 

Abakedi O.U. and Asuquo J.E. (2016). Corrosion inhibition of mild steel in 1M H2SO4 solution by 

Microdesmis puberula leaf extract. Am. Chem. Sci. J., 16 (1), 1 – 8. 

Abakedi O.U. and Asuquo J.E. (2016). Mild steel corrosion inhibition by Eremomastax polysperma 

leaf extract in acidic medium. Asian J. Chem. Sci., 1(1), 1 – 9. 

Abakedi O.U. and Sunday G.A. (2017). Jatropha tanjorensis leaf extract as an environmentally – 

friendly mild steel corrosion inhibitor in H2SO4 solution. Chem. Res. J., 2(3), 91 – 97 

Abakedi O.U., Aduak E.E., Anweting I.B. (2024). Synergistic effect of iodide ions on the corrosion 

inhibition of Commelina diffusa leaf extract on mild steel in H2SO4 solution. J. Mat. Environ. 

Sci., 15(4), 579 – 594. 

Abakedi O.U., Asuquo J.E., James M.A., Ituen, N.E. (2016). Comparative study on the corrosion 

inhibition of mild steel by Maesobatrya barteri leaf and root extracts in acidic medium. J. Sci. 

Eng. Res., 3(5), 153 – 160. 

Abakedi O.U., Mkpenie, V.N., Ukpong, E.G. (2020). Anti-corrosion behaviour of 4(p-tolyldiazenyl)-

2-((E)-(p-tolylimino)methyl)phenol on mild steel in 1 M H2SO4: Experimental and theoretical 

studies. Sci. Afr., 7, e00256. 

Akpan I.A., Abakedi O.U., James, M.A. (2018).  Inhibition of mild steel corrosion in acidic medium 

by Telfairia occidentalis rind extract. Asian J. Appl. Chem. Res., 1(3), 1 - 10. 
Ananaba U.G., Okonkwo U.C. (2023). Characterization of Telfairia occidentalis stem and banana leaf 

and its application to corrosion inhibition of mild steel in HCl. Int. J. Innov. Eng. Res. 

Technol., 10(4), 131 – 141. 

Aourabi S., Driouch M., Sfaira M., et al. (2021), Phenolic fraction of Ammi visnaga extract as 

environmentally friendly antioxidant and corrosion inhibitor for mild steel in acidic medium, 

Journal of Molecular Liquids, 323, 114950.  https://doi.org/10.1016/j.molliq.2020.114950  

Ashmawy A. M., Mostafa M.A., Kamal A.B., Gomaa AMA, El Gaby M.S.A. (2023). Corrosion 

inhibition of mild steel in 1 M HCl by pyrazolone – sulfonamide hybrids: synthesis, 

characterization, and evaluation. Sci. Rep., 13, 28555. 

Batah A., Al-Moubaraki A.H., Noor E.A., et al. (2024) Environmentally Benign Grape Seed Oil for 

Corrosion Inhibition: Cutting-Edge Computational Modeling Techniques Revealing the 

Intermolecular and Intramolecular Synergistic Inhibition Action. Coatings, 14(1), 77. 

https://doi.org/10.3390/coatings14010077  

https://doi.org/10.1016/j.molliq.2020.114950
https://doi.org/10.3390/coatings14010077


Abakedi et al., J. Mater. Environ. Sci., 2024, 15(9), pp. 1282-1293 1292 

 

Belghiti M.E., Bouazama S., Echihi S., Mahsoune A., Elmelouky A., Dafali A., Emran K.E., 

Hammouti B., Tabyaoui M. (2020), Understanding the Adsorption of newly Benzylidene-

aniline derivatives as a Corrosion Inhibitor for Carbon steel in Hydrochloric acid solution: 

Experimental, DFT and Molecular Dynamic Simulation Studies, Arab. J. Chem. 3(1), 1499-

1519 https://doi.org/10.1016/j.arabjc.2017.12.003 

Bentiss F., Bouanis M., Mernari B., Trainel M, Vezin H, Lagrenee M. (2007). Understanding the 

adsorption of 4H-1,2,4-triazole derivatives on mild steel surface in molar hydrochloric acid. 

Appl. Surf. Sci. 253, 3696 – 3704. 

Berisha A. (2022). An experimental and theoretical investigation of the efficacy of pantoprazole as a 

corrosion inhibitor for mild steel in an acidic medium. Electrochem., 3, 28 – 41. 

Bhuvaneswari T.K, Jeyaprabha C, Arulmathi P. (2020). Corrosion inhibition of mild steel in 

hydrochloric acid by leaves extract of Tephrosia purpurea. J. Adh. Sci. Technol., 34, 2424 - 

2427 

Bliss O.U., Chukwuebuka N.C, Chigozie N.G., Ikechukwu U.R. (2022). Phytochemical, vitamin and 

antioxidant assessments of the stems and leaves of four commonly consumed vegetables in 

Nigeria. Nut. Food Sci. Res., 9(4), 27 – 36. 

Bouklah M., Hammouti B., Aouniti A., Benhadda T. (2004), Thiophene derivatives as effective 

inhibitors for the corrosion of steel in 0.5M H2SO4. Prop. Org. Coat. 49N°3, 225-228, 

https://doi.org/10.1016/j.porgcoat.2003.09.014 

Enin G.N., Ita B.N., Jumbo B., et al. (2024) In vitro antioxidant and Biological Activities of Extract 

and fractions from Telfairia occidentalis Stems, Asian Res. J. Nat. Prod., 7(2), 102-122  

Hammouti B., Zarrouk A., Al-Deyab S.S., Warad I. (2011), Temperature effect, activation energies 

and thermodynamics of adsorption of ethyl 2-(4-(2-ethoxy-2-oxoethyl)-2-p-tolylquinoxalin-

1(4H)-yl)acetate on Cu in HNO3, Oriental J. Chem. 27 N° 01, 23-31. 

Hmaimou S., Ettahiri W., Lasri M., et al., (2025) Synthesis, crystal structure, theoretical calculations, 

and corrosion study of thiazine[1,5]benzodiazepine, Journal of Molecular Structure, 1319, 

Part 1, 139414, ISSN 0022-2860, https://doi.org/10.1016/j.molstruc.2024.139414 

Honarmand E, Mostaanzadeh H, Motaghedifard M.H., Hadi M., Khayadkashani M. (2017). Inhibition 

effect of opuntia stem extract on corrosion of mild steel: a quantum computational assisted 

electrochemical study to determine the most effective components in inhibition. Prot. Metals 

Phy. Chem. Surf., 53, 560 - 572. 

Honesty A.B., Akachukwu N.D., John A. (2024). Green corrosion inhibition: Utilizing banana pseudo 

– stem extract to protect mild steel in acidic environments. Acta Chem. Malaysia, 89(2), 43 – 

62. 

Lavanya M, Suvarna A.S., Kumari P.P. (2023). Adsorption and corrosion inhibition behaviour of 

Pterocarpus marsupium stem extract on mild steel in acid medium: experimental and statistical 

approach. Canadian Metal, Quart., 1 – 12. 

Lrhoul H., Sekkal H., Hammouti B. (2023) Natural Plants as Corrosion Inhibitors: Thermodynamic’s 

restrictions, Mor. J. Chem.,14(3), 689-698, doi:10.48317/IMIST.PRSM/morjchem-

v11i3.40144 

Mahgoub F.M., Hefnawy A.M., Abd Alrazzaq E.H. (2019). Corrosion inhibition of mild steel in acidic 

solution by leaves and stem extract of Acacia milotica. Desalination Water Treatment, 169, 

49 – 58. 

Nwabanne J.T., Okafor V.N., Chima L.O. (2011). Adsorption mechanism and synergistic inhibition 

effect of Telfairia occidentalis for the corrosion of mils steel in HCl. J. Eng. Appl. Sci., 3, 92 

– 100. 

https://doi.org/10.1016/j.arabjc.2017.12.003
https://doi.org/10.1016/j.porgcoat.2003.09.014
https://doi.org/10.1016/j.molstruc.2024.139414
https://doi.org/10.48317/IMIST.PRSM/morjchem-v11i3.40144
https://doi.org/10.48317/IMIST.PRSM/morjchem-v11i3.40144


Abakedi et al., J. Mater. Environ. Sci., 2024, 15(9), pp. 1282-1293 1293 

 

Oguzie E.E. (2005). Inhibition of acid corrosion of mild steel by Telfairia occidentalis extract. Pigment 

Resin Technol., 34(6), 321 – 326. 

Okewole A.O., Adebayo A.T. (2020). Adsorption and thermodynamics studies of corrosion inhibition 

on carbon steel using pumkin pod extract (Telfairia occidentalis). Arid Zone J. Eng. Technol. 

Environ., 16(2), 395 – 406. 

Oyewole O, Oshin T.A., Atotuomo B.O. (2021). Corchorus olitorius stem as corrosion inhibitor on 

mild steel in sulphuric acid. Heliyon, 7(4), e06840. 

Ran B, Wei Z., Yu S., Zhi H., Yan S., Cai S., Wen L., Fan B., Wang J., Wang K., Luo X. (2023). The 

study on corrosion inhibition effect of 2 – phenylbenzimidazole for X70 steel in HCl solution 

at 308 K. Int. J. Electrochem. Sci., 18, 100032.  
Bhadusha N. (2022). A study on 4-(4-Aminobenzene-1-sulfonyl)piperazin-1-yl)(furan-2-

yl)methanone for the prevention of corrosion on mild steel in acidic medium. Asian J. Chem., 

34(4), 901 – 906. 

Singaravelu P, Bhadusha N., Dharmalingam V. (2022). Inhibitive effect of organic inhibitors on the 

corrosion of mild steel in acidic medium. Int. J. Life Sci. Pharma Res., 12(3), 40 – 50. 

Umoren S.A., Eduok U.M, Solomon S.S., Udoh A.P. (2016). Corrosion inhibition by leaves and stem 

extracts of Sida acuta for mild steel in 1M H2SO4 solutions investigated by chemical and 

spectroscopic techniques. Arabian J. Chem., 5(1), 5209 – 5224. 

Wong H., Deng S., Xiu J., Xu D., Shao D., Du G., Li X. (2024). Synergistic mixture of Eupatorium 

Adenophora Spreng stems extract/KI as an efficient inhibitor for the corrosion of steel in 

H2SO4. J. Ind.  Eng. Chem., 130, 218 – 233. 

Zarrouk A., El Ouali I., Bouachrine M., et al. (2013), Theoretical approach to the corrosion inhibition 

efficiency of some quinoxaline derivatives of steel in acid media using the DFT method, Res. 

Chem. Intermed., 38 N°3, 1125–1133, https://doi.org/10.1007/s11164-012-0671-1  

 

 

 

 

(2024) ;  http://www.jmaterenvironsci.com 

 

https://doi.org/10.1007/s11164-012-0671-1
http://www.jmaterenvironsci.com/

