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Abstract. The use of synthetic corrosion inhibitors in industrial processes often 

raises concerns related to toxicity, environmental pollution, and high costs. In 

contrast, natural organic compounds extracted from agricultural and plant wastes 

offer a sustainable, biodegradable, and cost-effective alternative. This study 

explores the corrosion inhibition potential of bio-extracts obtained from plant 

residues such as pomegranate peel, walnut shell, and green tea leaves on mild 

steel surfaces in acidic environments. The effectiveness of these natural 

inhibitors is attributed to their rich content of polyphenols, flavonoids, and 

tannins, which can adsorb onto metal surfaces through π-electron interactions and 

lone pair coordination. Experimental results demonstrated significant reductions 

in corrosion rate and improved surface protection. The findings support the 

application of natural organic inhibitors as a green chemistry solution for 

sustainable industrial corrosion control.  

Keywords: Corrosion inhibition, plant extracts, polyphenols, green chemistry, 

mild steel, adsorption mechanism. 

 

 

 

Introduction. Corrosion is a major industrial and 

environmental challenge, leading to the degradation of 

metallic structures, financial losses, and safety hazards. 

Conventional corrosion inhibitors such as amines, 

imidazolines, and chromates are effective but often toxic, 

non-biodegradable, and environmentally hazardous. In recent 

years, attention has shifted toward eco-friendly, naturally 

derived inhibitors that align with the principles of green 

chemistry. Plant-based organic inhibitors, particularly those 

derived from agricultural waste materials, have shown 

promising corrosion protection capabilities. These materials 

are rich in polyphenolic compounds, flavonoids, and tannins, 

which possess functional groups such as –OH, –COOH, –C=O, and 

aromatic π-electron systems. These functional groups enable 

the adsorption of inhibitor molecules onto metal surfaces, 
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forming a protective film that isolates the metal from the 

corrosive environment [1]. 

The valorization of plant waste not only addresses 

corrosion issues but also contributes to sustainable waste 

management and circular economy objectives. This study 

investigates the potential of pomegranate peel, walnut shell, 

and green tea leaf extracts as natural corrosion inhibitors 

for mild steel in acidic media. 

The objectives of the present study are as follows:To 

extract and characterize natural organic inhibitors from 

locally available plant wastes. To evaluate their corrosion 

inhibition efficiency in acidic environments using mild steel 

samples,to analyze the adsorption behavior and propose a 

mechanism for surface protection. To highlight the 

environmental and economic benefits of using renewable plant-

based inhibitors [2-4]. 

Experimental. Natural inhibitors were extracted from 

pomegranate peels, walnut shells, and green tea leaves through 

ethanol–water (70:30) extraction at 60 °C for 3 hours. The 

dried and filtered extracts were concentrated and stored for 

corrosion studies. Mild steel coupons (2 × 2 × 0.1 cm) were 

prepared by polishing, degreasing, and rinsing with acetone. 

Corrosion tests were conducted in 1 M HCl to simulate acidic 

industrial environments. The specimens were immersed for 6 

hours at 25 °C in the absence and presence of various extract 

concentrations (0.2–1.0 g L⁻¹). Weight loss measurements were 
used to determine the corrosion rate and calculate inhibition 

efficiency (IE%) according to the formula IE% = (W₀ – Wᵢ) / 
W₀ × 100  

 where W₀ and Wᵢ are the weight losses without and with 
inhibitor, respectively. To understand the inhibition 

mechanism, FTIR spectroscopy identified the functional groups 

involved in adsorption, while SEM analysis examined surface 

morphology and film formation on the metal after exposure. 

Results and Discussion. The results demonstrated a strong 

correlation between extract concentration and corrosion 

inhibition efficiency. The pomegranate peel extract exhibited 

the highest inhibition (up to 89% at 1.0 g L⁻¹), followed by 
green tea and walnut shell extracts. 

FTIR analysis confirmed the presence of –OH, C=O, and 

aromatic ring vibrations typical of polyphenolic structures. 

These functional groups facilitated strong adsorption onto 

the steel surface through donor–acceptor interactions between 



 
 
 

 

CHEMISTRY AND MATERIALS SCIENCE 

184 

 

This work is distributed under the terms of the Creative 
Commons Attribution-ShareAlike 4.0 International License 

(https://creativecommons.org/licenses/by-sa/4.0/). 

Proceedings of the 18th International 
Scientific and Practical Conference  
«Scientific Research in XXI Century»  
 

(November 16-18, 2025).  
Ottawa, Canada 
 
 

 
 

No 
271 

oxygen or π-electrons and the vacant d-orbitals of iron. SEM 

images of inhibited samples revealed a smooth, uniform 

protective layer compared to the corroded, rough surface in 

the blank solution. The adsorption behavior was consistent 

with the Langmuir adsorption isotherm, indicating monolayer 

formation on the metal surface. From an organic chemistry 

perspective, the inhibition process is primarily governed by 

chemisorption and physisorption involving π-electrons and 

lone pairs of oxygen atoms. These interactions create a 

physical barrier that suppresses anodic metal dissolution and 

cathodic hydrogen evolution reactions. The study highlights 

that the natural inhibitors are non-toxic, renewable, and 

biodegradable, making them ideal candidates for large-scale 

green corrosion control applications in pipelines, storage 

tanks, and refinery systems. 

 

Table 1 
Corrosion Inhibition Efficiency of Natural Plant Extracts 

Extract Type Concentration (g/L) Inhibition 

Efficiency (%) 

Pomegranate peel 1.0 89 

Green tea 1.0 82 

Walnut shell 1.0 76 

 

Table 1 shows the inhibition efficiency of different 

natural plant extracts used as organic corrosion inhibitors 

for mild steel in 1 M HCl solution. Among the tested samples, 

pomegranate peel extract exhibited the highest protection 

efficiency (89%), followed by green tea (82%) and walnut shell 

(76%). The variation in inhibition performance is attributed 

to the different concentrations of polyphenols, tannins, and 

flavonoids responsible for metal surface adsorption[5]. 

Conclusion. This research demonstrates that plant waste-

derived organic extracts serve as effective and 

environmentally benign corrosion inhibitors for mild steel in 

acidic media. Their high inhibition efficiency is attributed 

to the presence of polyphenolic compounds capable of forming 

adsorbed protective films on metal surfaces. 

By converting agricultural residues into functional 

materials, this approach supports green chemistry principles, 

promotes waste valorization, and provides an economically 

viable solution to industrial corrosion challenges. Future 

studies should focus on the synergistic effects of mixed plant 

inhibitors and the development of nanoformulated corrosion 

protection systems. 
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