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Abstract:

Corrosion of mild steel in acidic environments poses a significant industrial challenge, leading to economic
losses and structural failures. This study investigates the efficiency of fruit peel extracts (lemon, orange, and
banana) as green corrosion inhibitors in 1M HCI solution. Weight loss measurements, UV-Vis spectroscopy,
and Scanning Electron Microscopy (SEM) were utilized to analyze the inhibition performance. Results indicate
that inhibition efficiency increases with extract concentration, with orange peel extract exhibiting the highest
efficiency (91.39% at 1000 ppm). SEM images confirm reduced surface degradation in the presence of
inhibitors. These findings highlight the potential of fruit peel extracts as sustainable corrosion inhibitors. The
application of natural extracts not only mitigates environmental hazards associated with synthetic inhibitors but
also promotes economic feasibility by utilizing agricultural waste.
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Introduction

Corrosion of metals is a major challenge for industries reliant on iron, steel, and other metals. Corrosion
weakens structures, increases maintenance costs, and poses environmental risks, especially in sectors like
construction, transportation, and oil and gas. Conventional methods to mitigate corrosion often involve the
application of synthetic chemical inhibitors, many of which have harmful environmental effects and can be
costly [1-2].

Recent studies in green chemistry emphasize the need for sustainable alternatives, and research has turned
to natural products as eco-friendly corrosion inhibitors. Organic compounds such as flavonoids, polyphenols,
and antioxidants have been recognized for their potential to reduce metal oxidation. This research explores the
possibility of utilizing common fruit peels specifically those from orange, banana, and lemon as natural
inhibitors of corrosion. These peels, often discarded as waste, contain compounds that may form protective
layers on metal surfaces, reducing exposure to corrosive agents [3-6].

This study explores the corrosion inhibition potential of lemon, orange, and banana peel extracts in
hydrochloric acid solutions. By employing weight loss measurements, UV-Vis spectroscopy, and SEM
analysis, the inhibition mechanism of these extracts is examined. The goal is to provide a sustainable, cost-
effective, and environmentally friendly solution to corrosion control. [7-9].

In summary, the increasing urgency to find sustainable alternatives to conventional corrosion inhibitors has led
to the exploration of natural materials, particularly fruit peels. This research project aims to provide valuable
insights into the anti-corrosive properties of banana, lemon, and orange peels, contributing to the development
of eco-friendly solutions for metal protection. Through this work, we hope to promote a deeper understanding
of how organic waste can be effectively utilized, supporting both industrial needs and environmental
sustainability [10].

Materials and Methods

1.1 Materials

Fruit peels: Fresh orange, banana and lemon peels were collected from local markets of Jazan, (Saudi
Arabia).

Metal samples: Standard iron and steel plates (10 cm x 10 cm) were used in this study.

Saline solution: A 3.5% NaCl solution was prepared to simulate a corrosive marine environment. Other
equipment: Sandpaper (for surface preparation), distilled water, beakers, pH meter, digital weighing scale.

1.2 Preparation of Extracts

Dried lemon, orange, and banana peels were grinded and refluxed in ethanol for 6 hours. The filtrate was
evaporated to obtain the concentrated extract. These extracts contain bioactive compounds that can form a
protective layer on the metal surface, reducing corrosion rates. [11]
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1.3 Corrosion Testing

Mild steel specimens (2 cm x 2 cm x 0.1 cm) were polished, degreased, and immersed in 1M HCI with varying
extract concentrations (100-1000 ppm) for 6 hours. Weight loss was recorded, and inhibition efficiency (IE%)
was calculated using: where is the weight loss without inhibitor and is the weight loss with inhibitor. [12]

1.4 UV-Vis Spectroscopy
Spectral analysis was conducted to assess adsorption interactions between inhibitors and mild steel. The
absorption spectra changes indicate the formation of a protective inhibitor film.

1.5 Scanning Electron Microscopy (SEM)
Surface morphology of treated and untreated samples was examined to evaluate corrosion damage. SEM
analysis provides insights into the surface protective effects of fruit peel extracts.

2. Results and Discussion

2.1 Weight Loss and Inhibition Efficiency

The corrosion rate decreased with increasing inhibitor concentration. Table 1 presents inhibition efficiency
values.

Table-1: Orange peel extract showed the highest inhibition efficiency due to its high content of
flavonoids and polyphenols

Conc. (ppm) Lemon IE% Orange IE% Banana IE%
100 48.10% 56.37% 46.43%
200 70.24% 63.37% 54.48%
300 75.42% 70.48% 60.78%
400 78.14% 78.82% 71.29%
500 80.35% 85.15% 75.49%
1000 87.23% 91.39% 81.79%

2.2 UV-Vis Spectroscopy Analysis
Absorption spectra confirmed inhibitor adsorption on the steel surface, reducing active corrosion sites. The
shift in peaks indicated complex formation between the extract constituents and the mild steel surface.
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Fig. 1: UV spectra with and without the intervention of Lemon extract reticulata in solution containing
mild steel

The UV-Vis spectra (Fig. 1) illustrate the absorbance behavior of the lemon peel extract before and after
immersion of mild steel in a 1M HCI solution. Two distinct absorption bands are observed: one between
200-220 nm, attributed to n—c* or T—11* transitions within C=C and C-C bonds, and another between 260-280
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nm, indicating T—1* electron transitions in aromatic and poly-aromatic compounds present in the lemon
extract. [13-14].

Upon immersion of mild steel in the solution, a noticeable decrease in the absorbance intensity at both peaks
suggests the formation of a complex between the bioactive compounds in the lemon extract and Fe?* ions
released from the steel surface. This complexation reduces free electron density within the solution,
diminishing the absorbance and confirming that the bioactive molecules adsorb onto the steel surface, thus
forming a protective layer. This layer effectively minimizes further corrosion by reducing the direct interaction
between the steel and the acidic environment. [15]

The UV-Vis analysis supports the hypothesis that lemon extract acts as a green corrosion inhibitor by facilitating
the adsorption of its bioactive compounds onto the steel surface, thereby providing effective protection in an
aggressive medium.

Fe/HCI(1M)
Fe/HCI(1M)+ Banana extract (1000 ppm) Fe/HCI(1M)+ Lemon extract (1000
. ppm) Fe/HCI(1M)+ Orang extract (1000 ppm)

T 1 T 1 T 1 T 1 T 1 T 1 T 1 T 1 T
Fig. 2: OCP of mild steel electrode in 1 M HCI at 298 K without inhibitor and with the 1000ppm
concentration

Fig. 2 displays the open circuit potential (OCP) measurements of mild steel immersed in 1 M HCI solution, with
and without fruit peel extracts, specifically at a concentration of 1000 ppm for banana, lemon, and orange
extracts. The plot shows the variation of the electrode potential over time, with all experiments conducted for
1800 seconds (30 minutes) to allow the system to reach a stable state. [16-18].

In the absence of any inhibitor, the potential is observed to be more negative, which reflects a higher rate of
corrosion due to the aggressive nature of the HCI solution. However, when fruit peel extracts are introduced, a
significant change is noted. For the lemon extract, the initial potential becomes more negative compared to
the control, and this potential progressively becomes less negative over time. This trend suggests that the
lemon extract is interacting with the mild steel surface, providing some protection and gradually reducing the
corrosion rate by adhering to the metal surface. This behavior is consistent with the idea that the lemon extract
acts as an effective inhibitor, potentially forming a protective barrier on the steel's surface. [19-20]

Similarly, the orange extract shows a less negative shift in potential compared to lemon, suggesting that it also
provides corrosion resistance, though to a slightly lesser extent. The banana extract shows the least reduction
in potential, which indicates a relatively lower efficiency in inhibiting corrosion compared to lemon and orange
extracts. [21]

The order of corrosion inhibition efficiency, as deduced from the potential trends, is as follows: Banana <Lemon
< Orange. This ranking aligns with the earlier findings from the weight loss assay and UV-Vis spectroscopy,
where lemon and orange extracts showed better corrosion inhibition compared to banana extract. This data
further reinforces the notion that fruit peel extracts, particularly lemon and orange, are promising natural
corrosion inhibitors in acidic environments like 1 M HCI. [22]
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SEM Analysis

Fig.-3: Scanning Electron MicroscopSE) Showing treated and untreated samples

SEM images (Figure 3) reveal significant surface protection in the presence of fruit peel extracts, confirming
their inhibitory action. The steel surface appeared smoother and less corroded when treated with higher
inhibitor concentrations.

The results from this study provide compelling evidence supporting the efficacy of fruit peel extracts,
specifically lemon, orange, and banana peels, as natural corrosion inhibitors for mild steel in 1 M HCI solution.
The combination of gravimetric analysis, UV-Vis spectroscopy, SEM, and OCP measurements demonstrates
the significant protective effects of these plant-derived extracts in reducing corrosion rates, providing a
sustainable alternative to synthetic inhibitors. [23]

3. Conclusion

This study explored the potential of fruit peel extracts from banana, lemon, and orange as eco- friendly
corrosion inhibitors for mild steel in an acidic medium (1M HCI). The results clearly demonstrate that these
natural waste materials can serve as viable alternatives to synthetic inhibitors, offering both environmental and
economic benefits.

Lemon peel extract emerged as the most effective corrosion inhibitor, achieving an impressive 91.39%
inhibition efficiency at 1000 ppm. The high performance is attributed to the rich presence of bioactive
compounds such as polyphenols, flavonoids, and citric acid, which adsorb onto the steel surface and form a
robust protective layer. Orange peel extract closely followed with an inhibition efficiency of 85.15% at 500
ppm and 91.39% at 1000 ppm, highlighting its potential as a sustainable inhibitor. Banana peel extract, while
slightly less efficient, still demonstrated significant protection with an inhibition efficiency of 81.79% at 1000
ppm, indicating that its high tannin and antioxidant content effectively reduces corrosion rates. The weight
loss assay and electrochemical analysis confirmed that these natural extracts significantly reduce the
corrosion rate by forming a physical and chemical barrier between the mild steel and the corrosive
environment. Surface morphology studies further validated the protective effect, showing smoother
and less degraded surfaces in treated samples compared to untreated ones. [24-26]
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