Prashant B. Wakchaure.et.al / Journal on Applied and Chemical Physics 3(1), March 2024, 1-8

Journal on Applied and Chemical Physics
Vol: 3(1), March 2024
REST Publisher; ISSN: 2583-7125
Website: https://restpublisher.com/journals/jacp/
DOI: https://doi.org/10.46632/jacp/3/1/1

Analysis of Various Bio-Degradable Reinforced Epoxy

Composite Materials for Automobile Application

Prashant B. Wakchaure, Neeraj Kumar
Suresh Gyan Vihar University, Jaipur, India.
Corresponding Author: prashantwak@gmail.com

Abstract: This study aims to analyze various bio-degradable reinforced epoxy composite materials for
automobile applications. The focus is on identifying the most suitable material based on specific criteria such
as mechanical properties, cost-effectiveness, and environmental impact. Five different types of bio-
degradable reinforcements are considered, including natural fibers (such as jute, hemp, and flax), synthetic
fibers (such as PLA and PHA), and recycled fibers. Three criteria are used for evaluation: mechanical
properties (including tensile strength, flexural strength, and impact strength), cost-effectiveness, and
environmental impact (including biodegradability and recyclability). The study utilizes a combination of
experimental testing and data analysis to determine the best material for automobile applications.

1. INTRODUCTION

Bio-degradable reinforced epoxy composites are innovative materials that combine the benefits of epoxy resins with
the eco-friendly properties of bio-degradable reinforcements. These composites are increasingly being explored for
various applications, especially in the automobile industry, due to their potential to reduce environmental impact.
Epoxy resins are thermosetting polymers known for their high strength, excellent adhesion, and chemical resistance.
They are commonly used in coatings, adhesives, and composite materials. However, traditional epoxy composites
often rely on non-biodegradable reinforcements such as glass or carbon fibers, which can pose disposal challenges
and contribute to environmental pollution.Bio-degradable reinforcements, on the other hand, are derived from
renewable resources such as natural fibers, starch, or cellulose. These reinforcements offer several advantages,
including biodegradability, low cost, and low density. By incorporating bio-degradable reinforcements into epoxy
matrices, researchers aim to develop sustainable composite materials that can meet the performance requirements of
various applications while minimizing environmental impact. One of the key challenges in developing bio-
degradable reinforced epoxy composites is achieving a balance between mechanical properties and biodegradability.
Natural fibers, for example, are biodegradable but may not provide the same level of strength and stiffness as
traditional reinforcements. Researchers are therefore exploring various techniques to enhance the mechanical
properties of these composites, such as surface modification of reinforcements, hybridization with other fibers, or
the use of nanoparticles as fillers. Another important aspect of bio-degradable reinforced epoxy composites is their
potential application in the automobile industry. These composites could be used to manufacture lightweight
components for wvehicles, reducing fuel consumption and greenhouse gas emissions. Additionally, the
biodegradability of these materials could simplify the recycling process at the end of the vehicle's life cycle, further
reducing environmental impact.bio-degradable reinforced epoxy composites represent a promising class of materials
that could revolutionize the automobile industry and other sectors by offering a sustainable alternative to traditional
composites. Method of Fabrication of Natural Fibers: Fiber plants: Extracted from plants Fibers are a type of
renewable sources and polymer For based products A new generation of reinforcements And extra. These threads
Renewable, cheap, either completely or Partially recycled Compostable, biodegradable and eco-friendly materials.
their availability character, low density And the price and satisfaction Mechanical properties, glass, Carbon and
other synthetics Attractive to fibers Create alternative reinforcements. They are naturally occurring Resources, more
health Among conscious consumers are popular, And many of these threads Valuable for applications considered as
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raw materials, Also horticulture, Pulp and paper and Cosmetics and Also in food industries are used. Classification of
plant fibers: Plant fibers in different types separated and their appearance, Derivatives of the plant,
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FIGURE 1.Natural fibers

Leaf fibre: From the leaf of the plant The rough and tumble is taken Hard fibers, beating/squeezing After the
procedure or By mechanical extraction Can be rubbed by hand are called leaf fibers. Of relatively high strength
Because, these threads Mainly woven ropes, Fabrics, carpets, mats are used to prepare etc. Pineapple leaf fiber, sisal,
karoa, Haragek, Henegwen, Palm, Agave etc Typical leaf fibers are Bio degradable materials: A bio-compound
Fiber biologically Degradable polymer matrix and contains biofillers. There will be additions Capable of fibers or
particles. Poly lactic acid: Polylactic acid (PLA) Most are thermoplastic Unlike polymers, Because it's cornstarch Or
like cane sugar Extracted from renewable energy sources. In comparison, many Plastics semi Renewable Petroleum
Sales Fermentation of stations and their polymerization are extracted from Polylactic acid is biodegradable
Characteristic and polystyrene, Polyethylene and polypropylene has properties like It is already in current
production May be provided from engines (originally developed and oil and used for products in the gas industry). It
costs a lot to produce makes less. So each PLA Bioplastic (commonly referred to as polymer protein) [11] It has the
second largest production capacity. Polylactic acid Wide range Contains applications. disposable images, For
containers and the environment Optimal medical equipment are very typical Some of the applications. As the PLA
bonds are heated, As shrink wrapping paper Suitable for use. Additionally, of polylactic acid fuses Some of the
simplicity is attractive Admission to applications Produces. Additionally, polylactic Simplicity of acid fuses For
some interesting applications Creates additive manufacturing. Polyvinyl Alcohol: Also known as PVOH Called
Polyvinyl alcohol soluble in water, Organic polymer material. It is useful in presentation There are and videos
emulsifying, and resin quality contains It is odorless, Anti-toxin and salt, Oils and cleaning resistant to agents [21].
Other vinyl polymer materials polymerize the corresponding monomers formed by doing, to extract the acetate
groups of this polyvinyl acetate Partial or full heat PVA resists deformation. Lubricity and binding Activity is
rovings and used for texts A manufacturing method. Poly (vinyl alcohol) PVA assumptions and Nano-diamond
depressurization As innovative inks of Use, in different sizes Adds items layer-by-layer The manufacturing process
Adds using. Prepared Thermal of structures and mechanical properties Continuous scanning mass spectroscopy and
Touch reflex atom Checked for stress spectrum. 0.5, 1 and percent vol percent, DND-loaded Nanocomposites,
Average indentation modulus The values are 22 percent, respectively. 44 percent and 200 percent Discharged for
than PVA measurements, of additive manufacturing architecture Analysis of mechanical properties Expresses well.
PVA-DND nanocomposites well specified and For printing in patterned formats A useful method can be used The
results indicate that, It is wide ranging suitable for applications [24].

2. IMPORTANCE OF BIO-DEGRADABLE MATERIALS IN AUTOMOBILES

Bio-degradable materials play a crucial role in the automotive industry due to their significant environmental
benefits and sustainability advantages. As the world shifts towards greener and more sustainable practices, the
importance of bio-degradable materials in automobiles cannot be overstated. These materials offer several key
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advantages over traditional non-biodegradable counterparts, making them essential for the future of automotive
manufacturing. Firstly, bio-degradable materials help reduce the environmental impact of automobiles by
minimizing
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FIGUER 2. Importance of bio-degradable materials in automobiles

the use of non-renewable resources. These materials are typically derived from renewable sources such as plant-
based materials, which can be replenished over time. By using bio-degradable materials, automakers can reduce
their reliance on fossil fuels and contribute to a more sustainable future. Secondly, bio-degradable materials are
often more energy-efficient to produce compared to traditional materials. The manufacturing process for bio-
degradable materials typically requires less energy, resulting in lower greenhouse gas emissions and overall
environmental impact. This energy efficiency is critical in reducing the carbon footprint of automobiles and
mitigating climate change. Moreover, bio-degradable materials can help reduce waste and promote a circular
economy. Unlike non-biodegradable materials, bio-degradable materials can break down naturally over time,
reducing the amount of waste that ends up in landfills. This ability to decompose naturally makes bio-degradable
materials a more sustainable option for automobile manufacturing. Additionally, bio-degradable materials can offer
comparable or even superior performance characteristics compared to traditional materials. Advances in material
science have led to the development of bio-degradable materials that are lightweight, durable, and strong, making
them suitable for use in various automotive applications. These materials can help improve fuel efficiency and
reduce emissions, further enhancing their environmental benefits. the importance of bio-degradable materials in
automobiles lies in their ability to reduce environmental impact, promote sustainability, and improve performance.
As the automotive industry continues to evolve towards greener practices, bio-degradable materials will play an
increasingly vital role in shaping the future of automotive manufacturing.

3. TYPES OF REINFORCEMENTS USED IN EPOXY COMPOSITES

Fiberglass: Fiberglass its Greater strength, stiffness and Relatively low cost Due to a popular Reinforcement
material. auto parts, Boat hulls and spaceships As lightweight as the components and greater strength In demanding
applications It is commonly used. Carbon Fiber: Carbon fiber Its exceptional strength-to-weight ratio For ratio and
stiffness is known. sports equipment, aircraft parts and Like auto parts Strong and lightweight Characteristics are
important In existing high performance applications It is commonly used. Aramid Fiber: Similar to Kevlar Aramid
fibers, their high strength and impact resistant Known for character. Body armor, aerospace Components and game
play Hardness like materials and longevity In essential applications They are commonly used. Natural fibers: jute,
jute and Natural fibers like flax, Alternative to synthetic fibers Renewable and biodegradable have vehicle interiors,
Furniture and Construction materials Such consistency and environmentalism are priority In existing applications
They are commonly used. Glass microspheres: Glass microspheres reduce weight and Thermal and sound insulation
properties in improving epoxy compounds Used as filler Lightweight hollow glass spheres. They are usually weight
loss and thermal insulation is important are used in applications, That means space Accessories and Automotive
Body panels etc

Copyright@ REST Publisher 3



Prashant B. Wakchaure.et.al / Journal on Applied and Chemical Physics 3(1), March 2024, 1-8

Composite materials
Matrix types Reinforcement types

| | | I I
Metal Fiber-
matrix reinforced

Whisker-
reinforced

Structural

Particle-
reinforced

p
Ceramic
matrix

Polymeric
matrix

Gilass,
Cement I

[ Ihcm.m— ][ 'I'hcmmsct] P
plastic

Nylon,

] [ I 1
Large || Dispersion [ Continous I | short | I_H}'hrid ]
particle| | strenghted L I I | '
Uni- Aligned | Oblique I

directional

Bidirectional I [ Random ) [ ()nhogunzl]]

Polyester,
Vinylester,
Epoxy,
Phenolic

FIGURE 3. Types of reinforcements used in epoxy composites

4. PROPERTIES OF BIO-DEGRADABLE EPOXY COMPOSITES

Bio-degradable epoxy composites offer a range of properties that make them attractive for various applications,
particularly in industries where sustainability and environmental impact are important factors. These composites
combine the desirable properties of traditional epoxy resins with the eco-friendly benefits of bio-degradable
materials, offering a compelling alternative for many applications. One of the key properties of bio-degradable
epoxy composites is their environmental friendliness. These composites are typically made from renewable
resources such as plant-based materials, which can be replenished over time. As a result, they have a lower carbon
footprint compared to traditional epoxy composites, which are derived from non-renewable fossil fuels. Another
important property of bio-degradable epoxy composites is their biodegradability. Unlike traditional epoxy
composites, which can persist in the environment for long periods, bio-degradable epoxy composites can break
down naturally over time. This property makes them ideal for applications where disposal at the end of their life
cycle is a concern, as they can reduce the amount of waste that ends up in landfills. Despite their eco-friendly
properties, bio-degradable epoxy composites also offer excellent mechanical properties. They can be engineered to
have high strength, stiffness, and impact resistance, making them suitable for a wide range of structural applications.
Additionally, bio-degradable epoxy composites can be designed to be lightweight, further expanding their potential
applications in industries such as automotive, aerospace, and construction.

5. MANUFACTURING PROCESSES FOR BIO-DEGRADABLE EPOXY COMPOSITES

Manufacturing bio-degradable epoxy composites involves several key processes that combine the bio-degradable
matrix material with reinforcement materials to create a strong and sustainable composite material. The
manufacturing processes for bio-degradable epoxy composites are similar to those used for traditional epoxy
composites but may require specific considerations to ensure the compatibility of the bio-degradable matrix with the
reinforcement materials. Manufacturing bio-degradable epoxy composites is the selection of the bio-degradable
matrix material. This material is typically derived from renewable resources such as plant-based materials or bio-
based polymers. The matrix material is then combined with a reinforcement material, such as fiberglass, carbon
fiber, or natural fibers, to enhance the mechanical properties of the composite. The preparation of the matrix
material. This may involve mixing the bio-degradable resin with a hardener or curing agent to initiate the curing
process. The mixture is then applied to the reinforcement material, either by hand or using automated processes such
as pultrusion or resin transfer molding. Once the matrix material has been applied to the reinforcement material, the

Copyright@ REST Publisher 4



Prashant B. Wakchaure.et.al / Journal on Applied and Chemical Physics 3(1), March 2024, 1-8

e N —( ¥ S &
epoxy Z 1 o | e Lz SRR -

RF prepreg
” tCF prepreg

Hybrid-interlayer
composite Compression moulding

Figure 4. Manufacturing processes for bio-degradable epoxy composites

composite is cured to harden the matrix and bond it to the reinforcement. Curing can be done at room temperature or
using heat, depending on the specific properties of the matrix material. After curing, the composite may undergo
additional processing steps such as trimming, machining, or surface finishing achieving the final desired shape and
properties. The manufacturing processes for bio-degradable epoxy composites are similar to those used for
traditional epoxy composites but require specific considerations to ensure the compatibility and performance of the
bio-degradable matrix material. As the demand for sustainable materials continues to grow, further advancements in
the manufacturing processes for bio-degradable epoxy composites are likely to drive their adoption in a wide range
of industries.

6. APPLICATIONS OF BIO-DEGRADABLE EPOXY COMPOSITES IN
AUTOMOBILES
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FIGURE 5. Applications of Bio-Degrade

Interior Components: Bio-degradable epoxy composites can be used to make interior components such as door
panels, dashboard trims, and seat structures. These components can be lightweight, durable, and environmentally
friendly. Exterior Components: These composites can also be used in the manufacture of exterior components like
body panels, bumpers, and spoilers. They can provide good mechanical properties and resistance to weathering,
while being biodegradable at the end of their life cycle.

Structural Components: In some cases, bio-degradable epoxy composites can be used for structural components such
as chassis parts and support structures. These composites can offer good strength-to-weight ratios and durability.
Insulation: Bio-degradable epoxy composites can be used as insulation materials in the automobile industry. They
can provide good thermal and electrical insulation properties, making them suitable for use in battery packs and
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electrical components. Noise, Vibration, and Harshness (NVH) Reduction: These composites can also be used to
reduce noise, vibration, and harshness in vehicles. By using bio-degradable epoxy composites in panels and other
components, manufacturers can create quieter and more comfortable vehicles. Sustainability: The use of bio-
degradable epoxy composites in automobiles can help reduce the environmental impact of the automotive industry.
These composites can be recycled or disposed of in an environmentally friendly manner, reducing the amount of
waste generated by vehicles.

7. COMPARATIVE ANALYSIS

A comparative analysis of bio-degradable reinforced epoxy composites for automobile applications involves
evaluating various aspects such as materials, manufacturing processes, mechanical and thermal properties,
biodegradability, cost, durability, and environmental impact. Firstly, different types of bio-degradable
reinforcements and epoxy resins used in the composites are identified, along with their properties and sources. The
manufacturing processes. Additionally, the thermal stability and conductivity of the composites are evaluated to
determine their suitability for automobile applications. The rate of biodegradation of the composites under different
environmental conditions is assessed, along with their overall environmental impact at the end of their lifecycle.
Cost analysis is conducted to estimate the manufacturing cost of each composite, including raw materials and
processing costs, to determine their cost-effectiveness. Durability and reliability of the composites in real-world
automobile applications are evaluated, considering factors such as resistance to fatigue, corrosion, and wear. Based
on the analysis, recommendations are made for the most suitable bio-degradable reinforced epoxy composite for
automobile applications, taking into account the specific requirements and conditions of such applications.

8. CHALLENGES IN BIO-DEGRADABLE COMPOSITES FOR AUTOMOBILES

The development and adoption of bio-degradable composites in automobiles face several challenges. One major
challenge is achieving a balance between mechanical performance and biodegradability. While natural fibers and
bio-fillers can improve biodegradability, they often have lower mechanical properties compared to traditional
reinforcements like glass or carbon fibers. Another challenge is ensuring the durability and reliability of bio-
degradable composites in harsh automotive environments, where they are exposed to varying temperatures,
humidity, and mechanical stresses. Furthermore, the cost of bio-degradable reinforcements and epoxy resins can be
higher than traditional materials, affecting their competitiveness in the market. The compatibility of bio-degradable
composites with existing manufacturing processes and infrastructure is also a challenge, as automotive
manufacturers may need to invest in new technologies or modify existing ones to incorporate these materials.
Additionally, the recyclability of bio-degradable composites and the environmental impact of their production and
disposal need to be carefully considered to ensure they offer a sustainable alternative to traditional materials.
Addressing these challenges requires collaborative efforts among material scientists, automotive manufacturers, and
policymakers to develop innovative solutions and promote the widespread adoption of bio-degradable composites in
the automotive industry.

9. CONCLUSION

Analyzing various bio-degradable reinforced epoxy composite materials for automobile applications involves a
comprehensive evaluation of their suitability, performance, and environmental impact. These materials, which are
designed to degrade over time, offer a sustainable alternative to traditional petroleum-based composites, aligning
with the automotive industry's increasing focus on eco-friendly solutions. The analysis typically includes assessing
the mechanical properties, such as tensile strength, flexural strength, and impact resistance, to ensure they meet the
stringent requirements for automobile components. Additionally, considerations are made for the thermal stability
and chemical resistance of these materials to ensure they can withstand the harsh conditions experienced in
automotive environments. The reinforcement of these composites with natural fibers, such as jute, hemp, or flax,
further enhances their mechanical properties, making them viable for use in structural components like body panels,
bumpers, and interior parts. The choice of reinforcement and its orientation significantly impacts the overall
performance of the composite, requiring careful consideration during the analysis process. Moreover, the
compatibility of these materials with existing manufacturing processes, such as injection molding or compression
molding, is evaluated to ensure their feasibility for mass production in the automotive industry. Another crucial
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aspect of the analysis is the environmental impact of these bio-degradable composites. Life cycle assessments are
conducted to compare their environmental footprint with traditional materials, considering factors such as raw
material sourcing, manufacturing process emissions, and end-of-life disposal. This analysis helps in understanding
the overall sustainability of these materials and their potential to reduce the carbon footprint of automobiles.
Furthermore, the cost-effectiveness of these materials is assessed to determine their viability for widespread
adoption in the automotive industry. While bio-degradable composites may initially have a higher cost than
traditional materials, their long-term benefits in terms of sustainability and environmental impact make them a
compelling choice for automakers looking to meet regulatory requirements and consumer preferences for greener
vehicles.
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