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Abstract 

Bio-based materials like plant extracts, natural polymers, gums, Agricultural waste, amino acids, and carbohydrates, 
because of their natural origin, biodegradability, and non-accumulative properties serve as excellent sustainable 
substitutes to many inorganic corrosion inhibitors that pose toxicity concerns. This study investigated the 
phytochemical composition, corrosion inhibition performance, and surface protective behavior of Ficus ottoniifolia leaf 
aqueous extract as a green corrosion inhibitor for mild steel in 0.5 M HCl. Fresh leaves were collected, authenticated, 
air-dried, pulverized, and extracted in hot distilled water. The Phytochemical screening revealed eight major classes of 
bioactive constituents, with terpenoids and flavonoids occurring in the highest concentrations, supported by saponins, 
glycosides, alkaloids, phenols, steroids, and tannins. Weight-loss measurements for over four weeks, showed a 
consistent decrease in corrosion rate with increasing inhibitor volume (5 - 20 mL) and immersion time, with the 20 mL 
extract achieving the strongest inhibitory effect. Peak inhibition efficiency occurred between 300 and 350 hours, 
attributed to excellent formation and stabilization of an adsorbed protective film, after which a gradual decline was 
observed due to film weakening. SEM analysis revealed severe surface degradation on uninhibited steel, while samples 
exposed to 20 ml extract exhibited smooth morphology, minimal corrosion, and sustained protection even after 672 
hours immersion. These findings positions Ficus ottoniifolia extract as a viable alternative to synthetic inhibitors owing 
to its long-term efficacy in acidic environments. 
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1. Introduction

The gradual pervasive and irreversible degradation process occurring when materials like metals interact with their 
environment is known as corrosion, it often leads to material deterioration and environmental contamination 
(Elmsellem et al., 2014; Lahiri et al., 2017; Harsimran et al., 2021). Most structural alloys/Mild steel is naturally prone 
to corrosion especially when exposed to moisture in the atmosphere or in their environment (Banerjee et al., 2022), 
and the rate at which this deterioration occurs can increase significantly in acidic condition (Mohammed et al., 2022). 
Mild steel remains one of the most widely used engineering materials due to its favorable mechanical properties, 
fabrication ease, and low cost (Yan et al., 2014; Qiao et al., 2023). Nevertheless, its susceptibility to rapid corrosion in 
aggressive media, especially mineral acids, limits its long-term performance in industrial operations (Avdeev & 
Kuznetsov, 2022). Corrosion can occur uniformly across a surface or appear in localized forms such as in pitting or 
cracking (Böhni, 2020). This is because; it is a diffusion controlled process occurring on exposed surfaces. But, the good 
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news is that, with the development of effective protection strategies including the use of inhibitors, corrosion can be 
controlled. 

These substances, Corrosion inhibitors are when introduced in aggressive environments suppress or reduce the rate of 
corrosion by slowing chemical or electrochemical reactions (Răuță, et al., 2025), forming protective barriers on metal 
surfaces. They are commonly applied in acidic environments, such as those encountered in industries involved in 
pickling or acidification of oil wells (Goyal et al., 2018). With the limiting of corrosive attacks on metallic materials, 
inhibitors help to prevent structural damage and material loss (Rajeev et al., 2012; Dehghani et al., 2020). The 
mechanism of inhibition generally involves adsorption onto the metallic surface to create a protective film, reaction 
with corrosive ions to form complex compounds, or the promotion of oxide film formation that shields the base metal 
(Wei, et al., 2020; Ma, et al., 2022; Salim et al., 2024). Many conventional inhibitors are synthetic and toxic, posing 
environmental hazards and health risks (Heakal and Elkhol, 2017). In view of this fact, as a matter of significant 
attention, together with what other researchers are doing, we are considering in this study, plant - derived extracts as 
green corrosion inhibitors. These eco-friendly alternatives offer biodegradability, cost-effectiveness, and safety 
advantages over traditional chemicals (Eddy, 2022). Rich in diverse phytochemicals such as alkaloids, flavonoids, 
tannins, and saponins containing heteroatoms (Christian et al., 2022), plant extracts can adsorb onto metal surfaces; 
forming protective films that inhibit metal dissolution. Numerous studies have confirmed their high inhibition 
efficiencies comparable to synthetic inhibitors, promoting sustainable corrosion control (Al Amiery et al., 2023). 

In this paper, we used extract from Ficus ottonifolia, in English Hedge fig leaf, locally known as “ekwo ogbu” in 
southeastern Nigeria, because of its rich phytochemical composition. We investigated the efficacy of the extract as a 
corrosion inhibitor for mild steel in 0.5 M Hydrochloric acid environment. We identified the phytochemical constituents 
of the extract, measured corrosion rates with and without the inhibitor using weight-loss methods and assessed the 
surface morphology of the coupons through Scanning Electron Microscopy. The application of renewable plant 
resources as alternatives to conventional synthetic inhibitors, many of which are toxic and non-biodegradable makes 
the study a significant one as it provides a sustainable and environmentally friendly approach to corrosion control, a 
way to minimize environmental pollution and health hazards associated with industrial corrosion inhibitors. 

2. Experimental Details 

The equipment and apparatus used for this study were obtained from the laboratory unit, Department of Biochemistry, 
University of Nigeria, Nsukka. At first, Fresh leaves of Ficus ottoniifolia were collected, authenticated (identified by an 
expert), and air-dried to fine powder. Extraction was performed by heating 10 g of the powder in 100 mL distilled water 
at 85 °C for two hours with continuous stirring, followed by filtration and storage of the extract for subsequent 
phytochemical constituents analysis using spectrophotometer. We used weight-loss method in determining Corrosion 
rate. Mild steel rods were procured locally and cut into coupons (2.1 × 0.58 cm), polished with silicon carbide abrasive 
paper, degreased with acetone, and dried. Varying volumes of Ficus ottoniifolia leaf aqueous extract, 5 to 20 mL were 
added to the different beakers that contain the HCL solutions, while the control samples were maintained without 
inhibitors. The dried coupons were immersed in 200 mL of 0.5 M hydrochloric acid (HCl) solutions prepared by 
appropriate dilution and dissolution of concentrated reagents, respectively. The steel coupons remained immersed for 
four weeks and periodically retrieved for cleaning and weighing to calculate mass loss. Corrosion rate (mm/yr) and 
inhibition efficiency (%) were computed using standard formulae based on weight loss, exposure time, specimen 
surface area, and steel density. We also examined the surface microstructure of the coupons through Scanning Electron 
Microscopy (SEM). All experiments were performed in triplicate to ensure reproducibility and statistical reliability. 

2.1. Weight Loss Measurement 

During the experiment, after the expiration of each immersion time considered, coupons were removed, cleaned, rinsed 
with distilled water, degreased with acetone, dried, and reweighed. The weight loss (∆W) was calculated using the 
equation 1, 

∆W= 𝑊𝑖 − 𝑊𝑓           1 

Where ∆W = weight loss, 𝑊𝑖 = initial weight, 𝑊𝑓= final weight 

2.2. Corrosion Rate Determination 

The corrosion rate (CR) in millimeters per year (mm/yr) was determined using equation 2,  
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𝐶𝑅 =
𝐾∗∆𝑤

𝜌 ∗𝐴∗𝑇
         2 

where: 

∆𝑤 = weight loss (g), A = exposed surface area of coupon (cm²), 𝜌 = density of mild steel (7.86 g/cm³), T = exposure time 
(hours), and K = unit conversion constant (8.76 x 104) 

The surface area of each cylindrical coupon was calculated using the relation, 

Area (A)  = 2πr2(r + l)         3 

Where, l = length of the coupon = 2.1cm, r = radius of specimen = 0.29cm, A = Total surface area of the coupon. 

2.3. Inhibition Efficiency Determination 

The inhibition efficiency (IE %) was evaluated as given in the equation 4, 

IE % =
𝐶𝑅0 −𝐶𝑅 

𝐶𝑅0
∗ 100           4 

Where, CR and CR0 are the corrosion rates with and without inhibitor, respectively. 

3. Results and Discussion 

3.1. Phytochemical Analysis of the Leaf Extract  

The phytochemical analysis of the aqueous ficus ottoniifolia leaf extract is as presented in figure1. 

 

Figure 1 Column Chart of the Phytochemical composition of the leaf extract 

The chart showed that Terpenoids and flavonoids are present in the highest concentrations. These two has the ability 
to adsorb onto the steel surface through their electron-rich structures, forming a protective barrier that blocks HCL 
attack and reduces anodic dissolution (Verma et al., 2024). Flavonoids specifically contribute through chelation with 
metal ions and hydrophobic shielding, while terpenoids enhance film stability via van der Waals forces. Saponins 
support this by creating a surfactant-like layer that improves extract dispersion and coverage on the metal (Jafari et al., 
2024). Glycosides and alkaloids aid inhibition through polar functional groups that promote physisorption and mixed-
type inhibition (anodic/cathodic). Phenols and tannins provide antioxidant effects to prevent oxidative corrosion, while 
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steroids add to the hydrophobic film (Proenca et al., 2022). Related Ficus species extracts confirm this synergy, 
achieving up to 80% inhibition efficiency in acidic media (Verma et al., 2024). 

3.2. Corrosion Rate of Mild Steel in Hydrochloric Acid (HCl) Environment: 

Figure 2 is the graphical illustration showing how the corrosion rate of mild steel in 0.5 M HCl environment changes 
with different volumes of Ficus ottoniifolia leaf extract (Inhibitor) and time of immersion of the coupons. 

 

Figure 2 Variation of Corrosion Rate with Various Volumes of Ficus ottoniifolia Leaf Extract and time 

3.3. Inhibition Efficiency (IE%) of Ficus ottoniifolia Leaf Extract in 0.5 M HCl 

It is clear from the figure 2 that the corrosion rate consistently decreases as the immersion time increases for all 
inhibitor volumes tested. Additionally, increasing the volume of the leaf extract from 5 ml to 10ml, 15ml and 20 ml leads 
to a further reduction in the corrosion rate, with the 20 ml volume showing the most significant inhibitory effect 
throughout the immersion period. 

 

Figure 3 Variation of Inhibition Efficiency (IE%) with time and various volumes of Extract in 0.5 M HCl 

This decrease results from enhanced adsorption of phytochemicals like terpenoids and flavonoids, forming a denser 
protective film on the coupons that blocks HCl ions through Langmuir isotherm mechanisms. Prolonging immersion 
time would further promote film thickening and stabilization, enhancing surface coverage and reducing 
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anodic/cathodic reactions for peak inhibition at higher volumes. This observed trend is in agreement with (Patni et al., 
2013; Fazal et al., 2022) 

Figure 3 presents the variation of inhibition efficiency with time and volumes of the ficus ottoniifolio leaf extract. It 
confirms that the inhibition efficiency reaches its peak between 300 to 350 hours of immersion time, which is likely due 
to the excellent formation and stabilization of the protective phytochemical film on the mild steel surface during this 
period. Beyond this time, the efficiency decreases as the inhibitor film may begin to degrade, allowing corrosive agents 
to penetrate and reduce the overall protection across all inhibitor volumes. This decrease in inhibition efficiency with 
time is in line with the findings of other researchers such as (Al-Amiery et al., 2021). 

3.4. Scanning Electron Microscopy (SEM): 

The results obtained from surface characterization of the mild steel after 168 and 672 hours of immersion in the absence 
(Control) and presence of 20 ml leaf extract of ficus ottoniifolia are presented in figures 4 to 7. 

 
 

Figure 4 0.5 M HCl as deposited (control) after 168 hrs 
at 1,000 magnifications 

Figure 5 0.5 M HCl + 20 ml ficus ottoniifolia leaf extract 
after 168 hrs at 1,000 magnifications 

In contrast, surfaces treated with Ficus ottoniifolia extract display smooth, uniform morphology with visible grinding 
marks, minimal isolated pits, and a thin protective film, maintaining integrity and effective shielding even after 
prolonged immersion. The SEM micrographs reveal stark differences between uninhibited and inhibited mild steel 
surfaces in 0.5 M HCl.  

  

Figure 6 0.5 M HCl as deposited (control) after 672 hrs 
at 1,000 magnifications 

 

Figure 7 0.5 M HCl + 20 ml ficus ottoniifolia leaf extract 
after 672 hrs at 1,000 magnifications  

 

The unprotected control (figures 4 and 6) exhibits severe degradation with thick, porous, cracked corrosion product 
layers, deep pits, and obscured polishing marks due to aggressive acid attack and ongoing dissolution, worsening over 
672 hours with multilayered deposits.  
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4. Conclusion 

This study has demonstrated that Ficus ottonifolia leaf extract is a highly effective green inhibitor for mild steel 
corrosion in 0.5 M HCl, owing to the strong adsorption and protective film formation by its rich phytochemical 
constituents. The Weight-loss and SEM analyses confirmed significant reduction in corrosion rate and surface 
degradation, establishing the extract to be good eco-friendly alternative to synthetic inhibitors.  
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