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Abstract

The design, production, and characterization of coir fiber-reinforced composites employing epoxy
resin modified with CNSL are investigated in this work. A 1:1.25 epoxy-to-hardener ratio, 15-20%
CNSL, and vacuum bagging were used to create fiber arranged for sun dried coir composites.
Structural and thermal properties were assessed using mechanical tests (tensile, flexural, and impact)
as well as FTIR, TGA, and SEM investigations. The findings show that CNSL improved impact
resistance and thermal stability, while sun-dried coir composites had greater mechanical strength.
However, impact hardness was decreased by over-mercerization. The results show that coir fiber
composites are environmentally friendly substitutes for construction, automotive, and aerospace
applications. To improve performance, future studies can optimize fiber loading and
biodegradability.

Keywords: coir fiber composite; CNSL; epoxy resin; mercerization; mechanical properties; FTIR;
SEM; TGA

1. Introduction

Recent years have seen a sharp increase in demand for eco-friendly and sustainable materials
due to worries about resource depletion, climate change, and environmental deterioration. High
strength and durability are provided by conventional composite materials, which are frequently
reinforced with synthetic fibers like carbon and glass. They do have a price, though, as they have
detrimental effects on the environment, limited biodegradability, and high production energy usage.
In order to provide a workable substitute with smaller environmental impacts, research has shifted
its attention to creating "green" composites, which make use of natural fibers and biodegradable or
bio-based matrices.

Because of their quantity and special qualities, coir fibers have garnered attention among the
several types of natural fibers that are accessible. A ligno cellulose fiber made from coconut husks,
coir is prized for its high lignin content, exceptional resilience, and inherent resistance to rot,
dampness, and fungal invasions. Coir fibers are a viable option for reinforcement in composites
because of these qualities. Coir fibers do have certain drawbacks, though, such as comparatively high
stiffness and poorer mechanical qualities when compared to other natural fibers like flax or jute. In
order to overcome these obstacles, scientists have looked for ways to enhance coir's ability to connect
and perform better overall in composite matrices.

The creation of coir-reinforced composites in this context entails improving the fiber's interfacial
bonding with the matrix by applying different treatments and adding additives. A popular method
is fiber mercerization, which involves treating coir fibers with dried under sun light to enhance
surface roughness and boost bonding strength. Cashew nut shell liquid (CNSL) and liquid rubber are
added to the composite matrix to increase the strength and endurance of the material. By acting as
toughening agents and binders, these ingredients make the material stronger and more durable.
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Coir matting and the epoxy-hardener mixture are alternately positioned and squeezed to create
a multi-layered structure during the construction process for these composites. Better cohesion
between the coir layers and matrix is ensured by the application of CNSL and liquid rubber, which
improves mechanical qualities. When compared to their untreated counterparts, the resultant coir
reinforced composites have better tensile strength, flexural modulus, and impact resistance, which
makes them appropriate for a variety of uses. Possible applications include furniture, packaging,
construction materials, and automobile parts, where strength, durability, and sustainability are
desired qualities.

In this work, treated coir matting and epoxy-hardener mixes with CNSL are layered one after
the other, and compression molding is used to create coir-reinforced composites. Analyzing how
these treatments affect the composite's mechanical performance under tensile loading and other
circumstances is the goal. The objective of this research is to promote environmentally appropriate
alternatives for a variety of businesses by integrating natural fibers with cutting-edge treatment
techniques.

The coir fibers are dried for a predetermined amount of time and at a regulated concentration as
part of the procedure. In addition to improving the fiber-matrix interaction, this technique alters the
fiber's internal structure, raising the degree of cellulose crystallinity and decreasing the fiber's
capacity to absorb moisture. As a result, dried coir fibers with have higher tensile strength and
stiffness, which makes them more appropriate for structural uses. The treated coir fibers are
transformed into mats that act as reinforcement layers in the creation of coir-reinforced composites.
In order to create the composite, a hardener is combined with a matrix material, usually epoxy resin,
in a precise ratio (in this example, 1:1.25).

Cashew nut shell liquid (CNSL) and liquid rubber are added to the matrix to improve the
composite's qualities even more. The cashew industry produces CNSL, a phenolic chemical that is
well-known for its binding capabilities and capacity to increase the toughness of polymer matrices.
Conversely, liquid rubber serves as a toughening agent, enhancing the composite's elasticity and
resistance to impact. When combined, these additives form a matrix that can efficiently disperse stress
and enhance the final composite material's overall mechanical qualities.

Figure 1. Composite material.

A methodical layering procedure utilizing dried coir mats and an epoxy-hardener matrix
modified with cashew nut shell liquid (CNSL) and liquid rubber is used to create coir-reinforced
composite material, this method guarantees improved mechanical qualities and environmental
advantages.

A compression molding technique is used to create the composite. The coir fibers are first
prepared by dried under sun light to increase their mechanical integrity and stickiness. The epoxy-
hardener mixture is then placed alternately with the treated fibers in the mold to create mats. 20%
CNSL is added as an additive to the epoxy-hardener system, which is carefully blended at a 1:1.25
ratio to improve toughness and durability. To guarantee consistent impregnation and bonding, the
resin is meticulously injected into each layer of coir mat. Following the placement of each layer, the
multilayered structure is compressed using regulated pressure to create a cohesive, dense composite
with few voids.
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The composite is made using a compression molding process. In order to improve the
mechanical integrity and stickiness of the coir fibers, they are first dried under sunlight. After that,
the dried fibers and epoxy-hardener mixture are alternately inserted into the mold to form mats. To
increase toughness and durability, 20% CNSL is added as an additive to the epoxy-hardener system,
which is meticulously mixed at a 1:1.25 ratio. The resin is carefully injected into every layer of coir
mat to ensure uniform impregnation and bonding. After each layer is positioned, the multilayered
structure is compressed with controlled pressure to produce a dense, cohesive composite with few
voids.

2. Objective

Developing and evaluating a coir fiber-reinforced composite material with Cashew Nut Shell
Liquid (CNSL) as an additive to improve its mechanical and thermal properties is the main goal of
this research. Through fiber treatment and resin optimization, this study seeks to: ® Improve
Mechanical Properties: Increase tensile, flexural, and impact strength.

Examine the effectiveness of CNSL by determining how it enhances bonding and thermal
stability.

* Optimize Mercerization Treatment: Examine how fiber-matrix adhesion is affected on sun dried
fiber.

¢ Perform Mechanical and Thermal Testing: To assess structural integrity, chemical composition, and
heat resistance, conduct tensile testing, scanning electron microscopy (SEM), Fourier transform
infrared spectroscopy (FTIR), and thermal analysis.

Objectives Encourage sustainability by creating an environmentally friendly composite material
that may find use in industry.

3. Methodology

In order to assess the effects of fiber treatment, CNSL addition, and fiber structure, this section
describes how to prepare and characterize composite specimens.

- ¥

Coconut
Coconuttree

Figure 2. The process of treating coconut husk into fiber and composite material.

3.1. Specimen Details

The composite specimens were prepared and analyzed:

Coir Fiber Composite - Coir fibers dried under sunlight to improve fiber-matrix adhesion.

Specimen were underwent fabrication, testing, and analysis to compare its mechanical strength,
thermal stability, and chemical composition.

3.2. Sample Preparation

3.2.1. Composite Fabrication

Specimens were fabricated using the vacuum bagging method to ensure uniform resin
impregnation and fiber wetting and one was made using compression mould.
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Sun dried Specimens:

¢ Coir fiber mats were layered with the epoxy-hardener mixture (1:1.25 ratio) with 20% CNSL added.
® The composite was vacuum-sealed using a 1-stage vacuum pump (ATV 118) and cured at room
temperature.

® The compression Mould technique was used to enhance resin penetration and minimize voids.

3.3. Testing and Characterization

Each composite specimen was subjected to mechanical, chemical, and thermal analysis to
determine how fiber treatment, CNSL addition, and sun-dried coir structure affect performance.

4. Mechanical Testing

4.1. Tensile Strength Test

Assessing the coir fiber reinforced composite's strength and stiffness under tensile stress was the
aim of the tensile test. A Standard Universal Testing Machine (UTM) was used for the test,
guaranteeing accurate and consistent measurements. Because the elimination of lignin and
hemicellulose improved fiber-matrix adhesion, it was anticipated that the dried composite would
have a better tensile strength. Furthermore, because of improved load distribution and improved
fiber bonding, which aids in preventing deformation under applied stress, it was expected that the
sun-dried fiber composite would exhibit superior tensile qualities.

4.2. Flexural Strength Test

Determining the composite's structural stiffness and assessing its resistance to bending forces
were the goals of the flexural test. To ensure precise measurement of the material's resistance to
bending stress, the test was carried out on a flexural testing equipment with a three-point bending
configuration. Sun dried fiber composite was predicted to have the highest flexural strength. This is
because composite's fiber network improves load distribution and delays premature breakdown
under bending stress.

4.3. Impact Strength Test

Assessing the composite's capacity to absorb and release energy under abrupt loading
circumstances was the aim of the impact test. A standardized impact testing apparatus was used for
the test, guaranteeing an accurate assessment of the material's toughness. Since the sun-dried fiber
composite's organized fiber arrangement improves energy dissipation and resistance to abrupt forces,
it was anticipated that it would have the maximum impact strength. However, because of their
unstructured fiber alignment, which may result in inefficient energy absorption and a higher risk of
brittle failure, the sun dried fiber composites were expected to have lower impact resistance.

4.4. Chemical Analysis.

4.4.1. Fourier Transform Infrared Spectroscopy (FTIR)

Finding chemical changes in coir fibers and assessing resin-fiber interactions in the composite
were the goals of the FTIR investigation. By identifying the material's functional groups, this method
sheds light on modifications brought about by fiber arrangement and sun dried fiber composite
material. In order to verify the effective elimination of surface contaminants and enhanced fiber
reactivity, it was anticipated that the composite would show diminished peaks corresponding to
lignin and hemicellulose. Furthermore, the structured fiber arrangement of the sun-dried fiber
composite may affect the epoxy resin's penetration and distribution, which could alter the material's
overall chemical interactions and result in unique resin-fiber bonding properties.
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4.5. Microstructural Analysis.

4.5.1. Scanning Electron Microscopy (SEM)

Observing fiber-matrix bonding and assessing the microstructural integrity of the coir fiber-
reinforced composite were the goals of the SEM investigation. The internal structure of the composite,
including void development, fiber pull-out, and adhesion quality, is revealed by this examination.
Poor adhesion, with evident fiber pull-out and gaps at the fiber-matrix interface, suggesting weak
bonding, was anticipated for the untreated composite. However, since the removal of lignin and
hemicellulose results in a rougher fiber surface that improves mechanical bonding, it was expected
that the sun dried fiber composite material would exhibit better fiber-matrix interaction. Furthermore,
it was anticipated that the sun-dried coir composite would exhibit tightly packed fibers with few
vacancies, enhancing the material's mechanical performance and load transfer.

4.6. Thermal Analysis.

4.6.1. Thermogravimetric Analysis (TGA)

The purpose of the TGA analysis was to evaluate the composite's heat stability and degradation
behavior. Because hemicellulose and lignin were eliminated, it was anticipated that sun dried
composites would exhibit greater heat stability than untreated samples. Since the sun-dried
composite's organized fiber arrangement improves stability and slows degradation, it was expected
to offer superior heat resistance.

5. Development of Coconut Fibre Impregnated Composite Material

5.1. Materials and Methods

Araldite AW106 epoxy resin combined with CNSL at 15 weight percent and 20 weight percent
concentrations was used to create bio-based epoxy matrices for the composite specimens. In order to
improve flexibility, impact strength, and thermal resistance while advancing environmental
sustainability, CNSL was added as a reactive bio-based addition.

For composite applications, the epoxy-CNSL blends were mixed with HV 953 hardener at a
1:1.25 hardener to resin ratio to guarantee ideal curing, striking a balance between mechanical
strength and flexibility. The composite specimens were then created using these matrices:

Random sun dried coir fiber composite — Processed using vacuum bagging.

5.2. Coir Fiber Preparation and Treatment

Before being fabricated, coir fibers, which serve as reinforcement in the composite, go through
many cleaning and preparation steps:

Cleaning Procedure: To get rid of dust, debris, and undesirable surface contaminants, fibers are
thoroughly cleaned with distilled water. This removes any bonding obstacles, improving fiber-matrix
adhesion.

Drying: To guarantee sufficient moisture removal, which is essential for successful resin
impregnation, washed fibers are sun-dried for 24 to 48 hours.

Mercerization Treatment: To chemically alter their surface, a subset of fibers are sun dried fiber
composite material. The fiber surface is roughened, lignin and hemicellulose are eliminated, cellulose
exposure is increased, and interfacial bonding with the epoxy matrix is enhanced.

Post-Treatment Neutralization: Before being used to create composites, mercerized fibers are
thoroughly rinsed with distilled water to get rid of extra alkali and allowed to dry outdoors.

5.3. Composite Fabrication Process:
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Three different coir-based composite specimens were fabricated using vacuum bagging for sun
dried specimens, and compression molding for the sun-dried specimen:

Figure 3. Sun dried coir composite material.

Randomly Arranged Coir Fiber Composite (sun dried - Vacuum Bagging):

Coir fibers were distributed in a random, non-woven fashion inside the mold. The CNSL epoxy
resin was applied, ensuring fiber saturation. The vacuum bagging process was used to remove excess
air and promote resin infiltration. The composite was cured under vacuum to achieve optimal
polymerization.

COMPOSITION OF MATERIALS USED:

Table 1. Composition of Materials Used.

Fibe | Fiber Fiber Fiber Epoxy Total
Sample CNSL(g | Hardener(g

r Tretmen | Arrangemen | Weight(g | Resin(g Weight(g
No ) )

Type | t t ) ) )

Coir
Treate NA-OH

Fibe Random 70 250 375 230 587.5
d coir Treated

r

5.4. Vacuum Bagging Process:

® Fiber Preparation: The fibers were cleaned and placed on the top of vaccum bagging sheets.

¢ Layering: Coir fiber mats and CNSL-epoxy resin were alternately layered inside the mold.

® Bagging: A vacuum bag was placed over the fibers, and air was removed using a vacuum pump
(ATV 118).

¢ Pressure Application:The vacuum pressure ensured resin penetration into fibers, reducing void
formation.

e Curing: The composite was left under vacuum for a specified curing time to complete
polymerization.

* Demolding: After curing, the composite was removed, and post-curing analysis was conducted.

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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Figure 6. Placement of next coir fiber mat.
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Figure 10. Application of vacuum to remove excess air and compress layers.
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Figure 11. Final Vacuum-sealed setup ensuring proper resin infiltration and curing.

5.4.1. Controlled Curing Conditions

® Temperature & Pressure Control: Curing was conducted under room temperature (avg 23-28°C)
and pressure conditions, ensuring complete polymerization.

¢ Resin Infiltration Optimization: Uniform pressure across the mold eliminated air voids and ensured
dense composite formation.

5.4.2. Importance of Curing Time

® Shorter curing times lead to incomplete polymerization, weakening the composite.
® Excessive curing causes thermal stress, affecting durability.
® Optimized curing conditions provide the best balance of mechanical performance

6. Testings

Importance of Mechanical and Thermal Testing in Coir Fiber-Reinforced Composites

Mechanical and thermal testing are crucial for determining the strength, longevity, and
suitability of coir fiber-reinforced composites for real-world uses. These experiments help evaluate
the effects of fiber treatment, CNSL composition, and fabrication techniques on composite
performance. Below is a description of the importance of each exam.

6.1. Importance of Tensile Testing (ASTM D3039)

Tensile testing determines how much stress a material can bear before breaking when stretched.
Because fiber-reinforced composites are used in load-bearing applications, this is very crucial.

Determines Strength in Tensile: Assessing the composite's resistance to pulling forces is crucial
for applications involving structural loads.

Fiber Treatment's Effect: explains how applying sun dried enhances fiber matrix adherence, which
raises tensile strength.

The Effect of CNSL on Resin Behavior Since CNSL-modified epoxy increases flexibility, tensile
testing helps determine if a higher CNSL concentration improves or detracts from tensile
performance.

Predicting Structural Reliability: Ensures that the composite can withstand expected
operational stresses in automotive, aerospace, and construction applications.and material stability.
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Figure 12. Tensile Testing, 1.Before applying tensile load and 2. After applying load.

6.2. Importance of Flexural Testing (ASTM D7264)

Flexural testing determines the stiffness and bending resistance of the composite material by
applying a force at the center while the material is supported at both ends (Three-Point Bending Test).
* Evaluates Composite Rigidity: Measures the flexural modulus, which indicates how much the
material bends under load.

* Importance in Structural Components: Essential for materials used in beams, panels, and
furniture, where bending resistance is crucial.

* Fiber-Matrix Adhesion Assessment: A strong fiber-matrix bond increases The material's resistance
to deformation. Poor bonding leads to premature failure.

e Effect of sun-dried Fiber Arrangements:

Figure 13. Flexural Testing, This corresponds to the three-point bending test used to evaluate the flexural
strength.

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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Figure 14. Impact Testing. The impact strength test is used to ascertain how well the composite material absorbs
energy when subjected to abrupt loads.

Impact testing evaluates the composite's capacity to absorb energy under abrupt loads, like falls
or crashes.

Determines Toughness and Brittleness: Essential for predicting how the composite will perform
under accidental impacts.
e Effect of CNSL on Impact Resistance: Since CNSL increases flexibility and energy absorption,
impact testing helps assess how CNSL-modified composites compare to conventional epoxy
composites.
¢ Applications in Safety-Critical Areas: Important for helmets, crash-resistant materials, and
protective enclosures.
* Influence of Fiber Arrangement: sun-dried fiber composites are expected to exhibit better energy
absorption arranged composites.

6.3. Importance of Fourier Transform Infrared Spectroscopy (FTIR) Analysis

FTIR spectroscopy helps in understanding the interactions between fiber and resin, particularly
after treatment with sun dried fiber material and CNSL modification.
¢ Confirms Functional Group Changes: Determines whether sun dried fiber material treatment
successfully removed lignin and hemicellulose , making the fiber more reactive.
¢ Identifies Chemical Bonds in CNSL-Epoxy Composites: Ensures that CNSL is well incorporated
into the resin without causing degradation.
e Predicts Long-Term Durability: Identifies potential chemical weaknesses that could lead to failure
over time.

6.4. Importance of Thermogravimetric Analysis (TGA)

The Thermogravimetric Analysis (TGA) technique is used to evaluate the thermal stability and
decomposition behaviour of the coir fiber-reinforced composite. It helps determine how the material
responds to heat, making it essential for assessing its durability in high temperature applications.

Key Applications in Composite Analysis:

* Evaluates Heat Resistance: Determines the onset degradation temperature, indicating when the
composite starts to break down.

e Effect of CNSL on Thermal Properties: Since CNSL can enhance heat resistance, TGA verifies
whether CNSL-modified epoxy composites exhibit improved thermal stability.

¢ Applications in High-Temperature Environments: Ensures the composite’s suitability for
aerospace, automotive, and industrial applications, where materials must withstand extreme heat.

Machine Used: TA SDT 650 TGA-DSC Analyzer
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* Temperature Range: Ambient to 800°C, enabling analysis of decomposition behaviour at different
heat levels.
* Heating Rate: Adjustable from 0.1 to 100°C/min, allowing controlled heating for precise thermal
studies.

According to metal standards, the calorimetric accuracy is +2%, guaranteeing high-precision
findings.

Figure 15. Thermogravimetric Analyser (TGA)Setup.

Sample Weight Capacity: Up to 200 mg, making it ideal for small-scale composite analysis.

Vacuum Capability: Operates under 50 pTorr, reducing oxidation effects and improving
accuracy.

Weighing Accuracy: +0.5%, ensuring precise measurement of weight loss during
decomposition.

The TA SDT 650 TGA-DSC Analyzer provides detailed insights into the thermal stability and
behaviour of the composite, confirming its performance in real-world high-temperature conditions.

6.5. Importance of Scanning Electron Microscopy (SEM) Analysis

The Scanning Electron Microscope (SEM) is a crucial tool for analysing the fiber-matrix bonding
and failure mechanisms in the composite. It provides high-resolution imaging that reveals
microscopic surface structures, defects, and interfacial adhesion.

Key Applications in Composite Analysis:

* Observes Fiber Pull-Out and Void Formation: Assesses whether sun dried fiber composite
material treatment improved fiber-matrix adhesion by reducing fiber debonding.

* Confirms Uniform Resin Distribution: Ensures that vacuum bagging and compression molding
successfully minimized void content, leading to enhanced mechanical properties.

* Predicts Mechanical Failure Modes: Identifies whether failure occurs due to fiber breakage,
delamination, or matrix cracking, helping in material optimization.

Supports Quality Control: Ensures consistent composite performance by analyzing surface and
cross-sectional morphology, detecting defects that could affect durability.

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202508.1994.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 27 August 2025 d0i:10.20944/preprints202508.1994.v1

13 of 21

Machine Used: Zeiss Sigma SEM
* Electron Source: Schottky thermal field emitter for high-resolution imaging.
* Accelerating Voltage Range: 0.2 to 30 kV, adjustable for different material types.
* Detectors: Includes in-lens secondary electron, backscattered electron, and variable pressure
detectors for comprehensive imaging.
* Resolution: 2.8 nm at 1 kV, 1.5 nm at 15 kV, providing fine structural details.

Figure 16. Scanning Electron Microscope(SEM).

7. Results & Discussion

TEST RESULTS OF TENSILE, FLEXURAL AND CHARPY IMPACT STRENGTH OF THE
SPECIMENS

“a

e T a1
o tn R S S

Figure 17. Tested composite material.

Detailed Discussion of Findings

The experimental findings offer a thorough comprehension of how CNSL alteration, fiber
arrangement, and chemical treatment affect the mechanical and thermal characteristics of composites
reinforced with coir fibers.

Table 2. Test results of tensile, flexural and impact strength of the specimen.
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TENSILE FLEXURAL CHARPY
SAMPLEID STRENGTH STRENGTH IMPACT (Notched)
(MPa) (MPs) (Foules)
ASTMD 3039 ASTMD ™0 ASTMD 6110

MATERIAL

Coir Fibre : Untreated Bristle Coir,

Tecknique - Vacoum Bageing, Rasin : AW 3 B

106, Hardnec : HV 953, CNSL wi : 15% 1067 317 068

wt in Fesin, Herdner to Resin CNSL =
1125

7.1. Tensile Strength

* Sun dried random fiber composites recorded a tensile strength of 10.67 MPa. This shows better
arranged fibers do provide uniform load distribution, leading to good fiber-matrix bonding.

7.2. Flexural Strength

® Sun dried random fiber composites followed closely with a flexural strength of 23.17 MPa,
indicating that vacuum bagging ensured good resin penetration, which contributed to the material’s
ability to withstand bending forces.

7.3. Impact Strength

® Sun dried random fiber composites had an impact strength of 0.68 J. This fiber network effectively
distribute impact energy, leading to fiber-matrix bonding.

7.4. Results of Ftir Analysis

FTIR Analysis

4000 300 3000 2500 2000 1500 100 00 400

Name  Descrpton
KFTIR2-

Figure 18. FTIR Specimen of Coir Composite.

FTIR spectra confirmed successful sun dried fiber composite material, as peaks corresponding
to lignin and hemicellulose reduced in intensity. This indicates effective removal of non-cellulosic
components, which enhances fiber-matrix bonding.

CNSL-modified epoxy composites showed additional ester and hydroxyl groups, confirming
improved interaction between the resin and fibers. This suggests that CNSL acted as a compatibilizer,
enhancing adhesion at the fiber-matrix interface.

Treated composites exhibited stronger functional group peaks, indicating better chemical
bonding between the fiber and matrix. However, excessive surface modification might have reduced
mechanical strength.

Sun dried Coir Composite

e O-H Stretch (3432 cm™): Strong peak indicating the presence of hydroxyl groups from cellulose,
hemicellulose, and lignin.

¢ C-H Stretch (2925, 2854 cm™): Represents aliphatic -CH, and -CHj; groups, typically from lignin
and hemicellulose.

e C=0 Stretch (1643 cm™): Associated with carbonyl groups in lignin and hemicellulose.
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* Aromatic Ring Vibrations (1510, 1461 cm™): Indicates lignin presence.

¢ C-O Stretch (1248, 1038 cm™): Corresponds to cellulose and hemicellulose structures.

¢ The structural differences confirm that alkali treatment improves fiber-matrix bonding, while
CNSL enhances cross-linking, leading to a more stable composite.

7.5. Results of TGA Analysis:

Graph Interpretation

Each graph consists of three key thermal parameters:
* Green Line: Thermogravimetric Analysis (TGA) - represents weight loss (%) with increasing
temperature.
* Red Line: Differential Thermal Analysis (DTA) - shows temperature differences, indicating phase
transitions.
* Blue Line: Differential Scanning Calorimetry (DSC) - represents heat flow changes, indicating
exothermic and endothermic reactions.
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Figure 19. TGA Analysis of Coir Composite.

Graph 1 - Sun dried Coir Composite

Initial Decomposition (~100-150°C): A small weight loss due to the evaporation of moisture and
volatile compounds.
* Major Weight Loss (250-400°C): Significant decomposition of hemicellulose and partial
degradation of lignin.
* Secondary Decomposition (~450-600°C): Lignin undergoes slow degradation, indicating its
thermal stability.
* Final Residue (~600°C onwards): Some char formation, suggesting incomplete combustion.
* Observation: Higher degradation rate and lower thermal
* Observation: The composite structure with CNSL/epoxy contributes to a more thermally stable
material, showing controlled decomposition.

¢  Sun dried Coir Composite degrades rapidly, showing better thermal stability.

7.6. Results of Scanning Electron Microscopy (SEM) Analysis

*Sun dried random fiber composites showed visible fiber pull-out and but good bonding. The
random orientation created less gaps in the composite, leading to good load transfer and withstand
failure.
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Figure 21. SEM Analysis of Coir Composite.
7.7. Results Stress - Strain Analysis

Overall Discussion of Findings

¢ Fiber arrangement plays a dominant role in mechanical performance, with fibers significantly
enhancing tensile, flexural, and impact strength.

® Sun dried improved fiber-matrix bonding chemically, but it did not enhance mechanical properties,
as excessive modification weakened fiber strength.

¢ CNSL-modified epoxy improved impact resistance and thermal stability, making it a viable
alternative to conventional synthetic resins.

® Vacuum bagging ensured good resin penetration, reducing void formation and improving
composite integrity.
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Figure 22. Sun Dried Coir Mat (Compression).
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Mode of Test Tension
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Figure 23. Sun Dried Coir Mat (Tension).

Based on the experimental analysis, the results show that Material(Sun dried coir fiber
Composite) performed better in thermal analysis, FTIR analysis, and stress-strain behavior:

1. Thermal Stability (TGA Analysis) -Sun dried material

® Material shows superior thermal stability.
® The temperature-to-weight ratio indicates that sun dried coir has better resistance to thermal
degradation, meaning it retains its structure at higher temperatures.

2. FTIR Analysis - Stronger Chemical Bonding

® Alcohol (C-O) (3230-3550 cm™) and Acid (O-H) (2500-3300 cm™) groups in Material appear at

higher wave numbers, suggesting enhanced chemical modifications due to sun dried fiber composite
material treatment.

® The Carbonyl (C=0) peak (1670-1750 cm™) is sharper and more intense, which indicates better
polymer-fiber interaction and improved bonding in the matrix.

3. Stress-Strain Curve - Higher Load Withstanding Capability

® Material sustained a higher load of 1.10 kN, showing it can absorb more stress before failure.

¢ This suggests that chemical treatment improved fiber-matrix adhesion, leading to better stress
distribution and mechanical performance.

4. Morphology & Polymer Distribution

* SEM images indicate that this material has a more uniform polymer distribution and reduced voids,
contributing to its enhanced mechanical strength.

* Material (Dried Coir Composite) performed best in thermal and chemical stability.
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* ]t also showed higher load-bearing capacity in mechanical testing, making it a strong contender for
applications requiring thermal and structural stability.

8. Conclusions

Green composites' advantages for the environment and mechanical performance continue to
highlight their significance as sustainable materials with potential uses in a variety of industries. The
production and planned testing of coir fiber reinforced green composites (CFRGC) using cashew nut
shell liquid (CNSL) blended epoxy as the matrix and coir fibers as reinforcement —more precisely, at
a 20 weight percent CNSL composition—are the main focus of this work. For assessment, two main
variations have been created: Sun dried CFRGC with 20 weight percent CNSL and treated CFRGC
with 20 weight percent CNSL, in which the treated fibers are mercerized using dried fiber.

The goal of the mechanical testing, which includes tensile and flexural evaluations, is to give a
thorough grasp of how chemical treatment affects the coir fibers. It is anticipated that chemical
treatment will improve fiber-matrix adhesion, which could result in better flexural and tensile
strength. Better stress transfer between the fibers and the matrix, less fiber pullout, and stronger
interfacial bonding would all contribute to this improvement.

The ultimate tensile strength and tensile modulus will be evaluated by the planned tensile tests,
providing information on the composite's resistance to axial loading. Flexural testing, on the other
hand, will assess the material's ability to tolerate bending pressures, indicating how well it might
function in structural applications where flexural stress is common.

The study aims to determine the mechanical characteristics and maximize the performance of
CFRGC by concentrating on the 20 weight percent CNSL composition. The anticipated results of
these tests should demonstrate the potential of treated coir fiber composites as an eco-friendly, high-
performance material that can be used in environmentally sustainable products, automobile parts,
and building components.

This research will contribute to a deeper understanding of green composite behavior under
mechanical loads, guiding future innovations in coir-based materials and their applications in
various sectors. By investigating the combined effects of CNSL and fiber treatment, this work aligns
with the broader goals of enhancing the sustainability and mechanical efficiency of modern
composite materials.
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