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A REVIEW ON GREEN CORROSION INHIBITORS:
SUSTAINABLE SOLUTIONS FOR METAL PROTECTION
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ABSTRACT

Corrosion is a critical issue in industries such as construction, transportation, energy, and
manufacturing, leading to significant economic losses and environmental damage. Traditional corrosion
inhibitors, often based on toxic chemicals and non-renewable resources, have raised environmental and
health concerns. In response, green corrosion inhibitors—eco-friendly, non-toxic, biodegradable
substances derived from renewable resources—have emerged as promising alternatives. This research
article reviews the latest developments in green corrosion inhibitors, focusing on their sources,
mechanisms, effectiveness, and challenges in industrial applications. Special attention is given to plant-
based inhibitors, biopolymers, nanomaterials, and their synergistic effects, with an outlook on future
directions and potential advancements
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Introduction

Corrosion, the degradation of materials, particularly metals, due to chemical reactions with their
environment, is an unavoidable process that significantly impacts industries worldwide. Traditional
methods of preventing corrosion involve the use of chemical inhibitors, coatings, and sacrificial anodes.
However, many of these corrosion inhibitors are harmful to the environment, often containing toxic heavy
metals, volatile organic compounds (VOCs), and other non-renewable substances.

In recent years, the demand for green corrosion inhibitors has grown due to the increasing
environmental awareness and regulatory pressures to adopt sustainable practices. Green corrosion
inhibitors are typically biodegradable, non-toxic, and derived from natural, renewable resources. These
inhibitors offer a promising alternative to synthetic counterparts, mitigating environmental and health risks
while maintaining the effectiveness of corrosion protection.

This paper presents a comprehensive review of the types, mechanisms, and applications of
green corrosion inhibitors. It also explores the challenges associated with their use and the future
potential for their development.

Types of Green Corrosion Inhibitors
o Plant-Based Inhibitors

Plant-based corrosion inhibitors, commonly referred to as phytochemicals, have garnered
significant interest due to their eco-friendly and renewable nature. These inhibitors are derived from
various plant species, including leaves, bark, seeds, and roots. The active compounds found in plants,
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such as alkaloids, tannins, flavonoids, and essential oils, are responsible for their corrosion-inhibiting
properties. These compounds interact with the metal surface to form protective films, reducing the metal's
exposure to corrosive agents such as moisture, oxygen, and acids.

Common plants with corrosion-inhibiting properties include:

= Neem (Azadirachta indica): Known for its high content of alkaloids and flavonoids, neem
extract is widely studied for its corrosion protection capabilities on steel, aluminum, and
copper.

= Lemon grass (Cymbopogon citratus): Contains high levels of terpenes and essential oils,
which offer protective layers on metallic surfaces.

= Garlic (Allium sativum): Rich in sulfur compounds, garlic extract has shown promising
corrosion resistance, especially in acidic environments.

= Rosemary (Rosmarinus officinalis): Known for its antioxidant properties, rosemary has
been found to inhibit corrosion of steel in acidic and saline solutions.

. Biopolymers
Biopolymers are natural polymers derived from renewable sources, such as plants, animals, and

microorganisms. These polymers are biodegradable, non-toxic, and have shown potential as corrosion
inhibitors. The most commonly studied biopolymers include:

= Chitosan: Derived from chitin, which is found in the exoskeletons of crustaceans, chitosan
has demonstrated significant corrosion resistance, especially in acidic environments. Its
ability to form a protective film on the metal surface contributes to its effectiveness.

= Cellulose and its derivatives: Cellulose-based materials are often used in coatings and
films due to their ability to provide a physical barrier against corrosion.

= Proteins: Certain proteins and peptides have been found to possess corrosion-inhibiting
properties, particularly when derived from renewable sources like soybeans and corn.

. Green Nanomaterials

The development of green nanomaterials for corrosion inhibition has been an emerging field of
research. These materials are typically synthesized using environmentally benign methods, and they
offer several advantages over traditional inhibitors, including high surface area, improved adsorption
properties, and increased durability. Some green nanomaterials include:

= Nano-silica: Derived from natural sources such as rice husks, nano-silica has shown
excellent corrosion protection properties when combined with plant-based extracts.

= Graphene oxide: A derivative of graphene, this material has demonstrated high corrosion
resistance due to its ability to form strong protective layers on metallic surfaces.

= Bio-based nanoparticles: Biodegradable nanoparticles, synthesized from renewable
sources like starch and cellulose, can be used to reinforce corrosion protection in coatings
and composites.

° Essential Oils and Natural Extracts

Essential oils, which are concentrated liquids obtained from plants, have been investigated for
their corrosion-inhibiting properties. These oils contain volatile compounds such as terpenoids, phenols,
and flavonoids, which can adsorb onto metal surfaces and form protective barriers. Some commonly
studied essential oils include:

= Clove oil: Known for its high phenolic content, clove oil has demonstrated promising
corrosion inhibition, particularly in acidic environments.

= Cinnamon oil: Containing cinnamaldehyde, cinnamon oil is effective in reducing the
corrosion rate of steel in both acidic and alkaline solutions.

= Lavender oil: This oil contains flavonoids and terpenes, which contribute to its corrosion
protection properties.

Mechanisms of Action
The primary mechanisms by which green corrosion inhibitors work include:
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. Adsorption onto the Metal Surface: Inhibitors adsorb onto the metal surface, creating a
protective layer that prevents direct contact with corrosive agents.

. Film Formation: Many green inhibitors, particularly biopolymers and plant extracts, form thin,
impermeable films on the metal surface, which act as a barrier against environmental factors
like moisture, oxygen, and salts.

. Chemical Interaction: Some plant compounds, such as alkaloids and sulfur-containing
compounds, interact chemically with the metal surface, forming stable complexes that reduce
corrosion rates.

. Antioxidant Properties: Many green inhibitors possess antioxidant properties, which help to
neutralize free radicals and reactive oxygen species (ROS) that contribute to corrosion.

Effectiveness of Green Corrosion Inhibitors

The effectiveness of green corrosion inhibitors varies depending on several factors, including
the type of metal, the corrosive environment, and the concentration of the inhibitor. In general, green
inhibitors have demonstrated significant corrosion resistance, particularly when used in mild to
moderately corrosive environments. However, some inhibitors may not perform as well in highly acidic or
saline conditions, where traditional synthetic inhibitors are more effective.

. Performance Comparison

A comparison of the performance of green corrosion inhibitors with traditional synthetic inhibitors
reveals that:

= Plant-based inhibitors: These tend to be more effective in acidic and neutral environments
and are especially useful for protecting steel, aluminum, and copper alloys.

= Biopolymers: While effective in mild environments, their performance can be limited in
highly aggressive conditions, especially under high temperatures or extreme pH levels.

= Green nanomaterials: These have shown superior corrosion protection, especially when
combined with other green inhibitors or biopolymers, due to their enhanced adsorption
properties and mechanical strength.

Challenges and Limitations

While green corrosion inhibitors offer many advantages, there are several challenges and
limitations to their widespread adoption:

= Effectiveness in Harsh Environments: Green inhibitors may not be as effective in
extreme conditions (highly acidic, high temperatures, or high salinity) where synthetic
inhibitors excel.

=  Stability: Natural compounds may degrade over time, reducing their effectiveness as
corrosion inhibitors, especially in high-temperature environments.

= Scalability: The extraction and production of natural inhibitors on a large scale may be
costly or logistically challenging, limiting their practical application in certain industries.

= Compatibility with Existing Systems: Green inhibitors may require modifications to
existing industrial systems, including coatings, formulations, or application methods.

Future Directions

The future of green corrosion inhibitors lies in addressing the current limitations through
interdisciplinary research. Potential areas for future development include:

= Synergistic formulations: Combining various green inhibitors (e.g., plant extracts with
biopolymers or nanomaterials) to improve performance and stability.

= Nano-engineering: The use of nanotechnology to enhance the efficiency and longevity of
green corrosion inhibitors, particularly in harsh environments.

= Sustainable production methods: Developing cost-effective, scalable, and
environmentally benign methods for extracting and synthesizing green inhibitors.

= Advanced coatings: Integrating green inhibitors into coatings, films, and composite
materials to improve the durability and functionality of protective barriers.

Conclusion
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Green corrosion inhibitors present a promising and sustainable alternative to traditional
synthetic inhibitors, offering effective protection against corrosion while minimizing environmental and
health risks. The development of plant-based inhibitors, biopolymers, green nanomaterials, and essential
oils provides a diverse range of options for industrial applications. However, challenges such as
effectiveness in harsh environments, stability, and scalability remain. Continued research and innovation
in this field will play a key role in overcoming these limitations and advancing the use of green corrosion
inhibitors in a wide range of industries. The adoption of these sustainable solutions represents an
important step toward a more environmentally responsible approach to material protection.
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