HAYYHBIN )KYPHAJI
HAYKA 1 MUPOBO33PEHHUE

V]IK-621

ANTI-CORROSION COATINGS USING DISPOSABLE WASTE
MATERIALS: A SUSTAINABLE APPROACH TO SURFACE PROTECTION

Berdiyeve Ayjemal

Supervisor: Lecturer of the Oguzhan Engineering Technologies University of
Turkmenistan
Ashgabat, Turkmenistan

Annageldiyeva Guljeren

student of the Oguzhan Engineering Technologies University of Turkmenistan
Ashgabat, Turkmenistan

Abstract

The increasing concern for environmental sustainability has led to the exploration of
alternative materials in various industries. In the field of surface protection, anti-
corrosion coatings are essential for extending the lifespan of materials exposed to harsh
environmental conditions. Recent research has focused on the potential of using
disposable waste materials as a source for anti-corrosion coatings. This approach not
only reduces the environmental burden of waste but also offers cost-effective and
efficient solutions for corrosion prevention. This article explores the use of disposable
waste materials in the formulation of anti-corrosion coatings, the mechanisms behind
their effectiveness, and the potential benefits and challenges associated with their
application.

Introduction

Corrosion, the deterioration of materials due to chemical reactions with their
environment, is a significant concern for industries worldwide. Metals, especially iron
and steel, are highly susceptible to corrosion, leading to substantial economic losses and
safety risks. Traditionally, anti-corrosion coatings, such as paints, primers, and
galvanization, have been used to protect materials from corrosion. However, these
conventional coatings often rely on non-renewable resources and contribute to
environmental pollution.

With growing environmental concerns, there has been increasing interest in utilizing
waste materials—such as agricultural by-products, industrial waste, and even household
waste—for producing eco-friendly anti-corrosion coatings.



Hybrid superamphiphobic coating Anti-corrosion

»
o
o
> '
o ° 1
© ™ o g Q @ o“ E
.« & o - \
ot " '
a - H
o n».‘_ 104 H
o ' i )
4 Alzo H ° -2 H
' 44 99 38 e 48 08 04 02 00 02 |
H
H
i

log F (Hz) Potential (V)

log 12| (Q-em?)
log | (AJem®)

=

Delayed icing & lower ice adhesion strength 480h Sall spmy 2400h Qut-door exposure

° ﬁ
. ﬂ.

These waste materials offer a promising alternative to traditional synthetic coatings,
providing an innovative and sustainable solution to the problem of corrosion.
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Types of Disposable Waste Materials Used for Anti-Corrosion Coatings

Various types of disposable waste materials have been investigated for their potential
use in anti-corrosion coatings. These materials, when treated and processed
appropriately, can impart corrosion resistance to metal surfaces. Some common sources
of waste materials include:

Agricultural Waste

Agricultural waste, such as rice husks, corn stover, wheat straw, and fruit peelings, is
abundant and often discarded as waste. These materials are rich in natural compounds,
such as lignin, cellulose, and tannins, which have antioxidant and anti-corrosive
properties. When processed, these materials can be used as additives in coating
formulations to enhance the corrosion resistance of metals.

- Rice Husk Ash: Rich in silica, rice husk ash has been found to offer protective
properties against corrosion, particularly in steel.

- Tannin-Based Coatings: Tannins, derived from plant sources like oak bark or grape
seeds, have been studied for their corrosion-inhibiting effects. They can be combined
with other materials to create environmentally friendly anti-corrosion coatings.

Industrial Waste

Industries generate large quantities of waste materials that could be repurposed for anti-
corrosion applications. For instance, fly ash from coal combustion, slag from steel
production, and spent catalysts from chemical processes have been explored for use in
coating formulations.



- Fly Ash: A by-product of coal combustion, fly ash contains fine particles of silica,
alumina, and iron, which can provide corrosion resistance when integrated into coatings.

- Steel Slag: Containing calcium and magnesium, steel slag is another industrial by-
product that can be utilized to improve the protective qualities of coatings.

Plastic and Rubber Waste

Waste plastic and rubber materials, especially from discarded tires and packaging, can
be recycled into useful additives for coatings. The incorporation of rubber or plastic
particles into coatings can enhance the durability and flexibility of anti-corrosion layers.
These materials can also provide water-repellent properties, reducing the risk of
corrosion caused by moisture.

- Recycled Rubber: Ground rubber particles from used tires have been used in anti-
corrosion coatings to improve flexibility and wear resistance.

- Plastic Waste: Polyethylene and polypropylene waste, when processed and
incorporated into coatings, can offer enhanced waterproofing properties, preventing the
penetration of moisture.

Household Waste

Household waste materials, including coffee grounds, eggshells, and certain food
residues, have also been investigated for their anti-corrosion properties. These materials
are often rich in minerals or organic compounds that can serve as corrosion inhibitors.

- Eggshells: Containing calcium carbonate, eggshells have been shown to have mild
corrosion-inhibiting properties, especially when processed into fine powders and added
to coating formulations.

- Coffee Grounds: Coffee grounds are rich in antioxidants, which can help in reducing
the rate of corrosion, especially on ferrous metals.

Mechanisms of Anti-Corrosion Coatings Using Waste Materials

The effectiveness of anti-corrosion coatings made from waste materials is based on
several mechanisms that help protect metal surfaces from environmental damage:

Formation of a Protective Barrier

The primary function of any anti-corrosion coating is to act as a barrier that prevents
water, oxygen, and salts from reaching the metal surface. Waste materials, when
processed into fine particles or powders, can form dense films that adhere tightly to the
surface, thus preventing corrosion. For instance, silica-rich materials like rice husk ash
can form a robust, hydrophobic layer on metal surfaces.



Corrosion Inhibition through Chemical Reactions

Certain waste materials, such as tannins and polyphenols, have inherent corrosion-
inhibiting properties. These compounds can form protective complexes with metal ions
on the surface, thus reducing the electrochemical reactions that lead to corrosion. For
example, tannins from plant-based waste materials can form a protective oxide layer on
metal surfaces, enhancing corrosion resistance.

Antioxidant and UV Protection

Many waste materials are rich in antioxidants, which can scavenge free radicals and
reduce oxidative stress on metal surfaces. This property helps prevent the degradation
of coatings and protects metals from rusting. Furthermore, waste materials like certain
plant-based compounds can offer UV protection, preventing photo-oxidation of the
coating layer and extending its effectiveness.

Self-Healing Properties

Some waste-based anti-corrosion coatings have demonstrated self-healing capabilities.
When cracks or defects appear in the coating layer, the materials within the coating can
react with moisture or environmental conditions to regenerate the protective layer. This
self-healing property is often observed in coatings that contain rubber or plastic waste,
which can expand to fill small cracks.

Advantages of Using Disposable Waste Materials

The use of disposable waste materials for anti-corrosion coatings offers several distinct
advantages:

Environmental Sustainability

One of the primary benefits of using waste materials in coatings is their contribution to
sustainability. By recycling industrial, agricultural, or household waste, these coatings
reduce the burden on landfills and help mitigate environmental pollution. This process
aligns with the global push toward a circular economy, where waste materials are
repurposed into valuable products.

Cost-Effectiveness

Waste materials are often low-cost or even free, making them an attractive option for
manufacturing anti-corrosion coatings. By utilizing readily available waste,
manufacturers can reduce raw material costs, making anti-corrosion protection more
affordable, especially for large-scale applications in industries such as construction,
automotive, and marine.



Improved Durability and Performance

When combined with traditional anti-corrosion agents or additives, waste materials can
improve the overall performance of coatings. Many of these materials contribute
additional protective properties, such as UV resistance, waterproofing, and flexibility,
making them suitable for a wide range of environments and applications.

Challenges and Future Prospects

While the use of waste materials in anti-corrosion coatings holds great promise, several
challenges must be addressed:

- Standardization: There is a need for standardized methods of processing waste
materials to ensure consistent performance in coatings.

- Durability Testing: Long-term testing is required to evaluate the durability and
effectiveness of these coatings in real-world conditions.

- Regulatory Approval: Waste-derived coatings must meet safety and environmental
regulations to be widely adopted in industries.

However, with continuous research and development, the use of waste materials in anti-
corrosion coatings has the potential to revolutionize surface protection technology,
offering a sustainable, cost-effective, and high-performance solution to corrosion
prevention.

Conclusion

The development of anti-corrosion coatings using disposable waste materials represents
a significant step toward more sustainable industrial practices. By repurposing
agricultural, industrial, and household waste, it is possible to create cost-effective and
eco-friendly coatings that provide effective corrosion protection. While challenges
remain, ongoing research and technological advancements are expected to overcome
these hurdles, allowing waste-based coatings to become a mainstream solution for
industries worldwide.

As the demand for sustainable materials continues to grow, the potential of waste-
derived anti-corrosion coatings will only increase, offering a green alternative to
traditional methods of corrosion prevention.



