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The automotive industry is incorporating sustainable materials like rice husk into interiors for affordability, biodegradability, 
low density, and enhanced properties like durability and corrosion resistance.This research developed and characterized coir 
fibre and rice husk-reinforced epoxy composites, evaluating their mechanical, thermal, and water absorption properties. Coir 
fibres and rice husks were extracted, washed, sun-dried, and treated with sodium hydroxide, creating composites. The 
composites were tested for tensile strength impact resistance, water absorption, and thermal stability using Thermogravimetric 
analysis, Fourier Transform Infrared Spectrometry, Scanning Electron Microscope, and Izod impact testing for 
characterization.Rice husk (RH) composites exhibit increased water absorption at smaller particle sizes (425 μm and 600 μm), 
coir composites show enhanced absorption at larger sizes (1180 μm), and coir/RH blend composites maintain consistent water 
absorption.Untreated coir and RH composites showed higher impact energy at 425 μm, with smaller particle sizes being more 
effective for reinforcement, with 425 μm being the optimal size.The treatment improved water absorption in RH composites, 
particularly coir composites, with the highest absorption at 1180 μm, and also enhanced theirimpact resistance.The study 
reveals that treated coir fibre composites improve tensile strength, thermal stability, and impact resistance, while RH 
composites enhance impact resistance with varying particle sizes.Coir/RH blend composites, which balance water absorption 
and heat treatment, are highly beneficial in various industries such as automotive, aerospace, oil and gas, marine, and 
construction.
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Humanity has utilized materials for various purposes throughout history, with 
technological advancements based on engineering materials. The need for 
ecological sustainability has grown, leading to efforts to create energy-efficient, 
sustainable composite materials. This is in response to the growing global 
demand for renewable and eco-friendly products (Choi et al., 2023; Ganasan et 
al., 2024). Composite materials combine two materials for strength, lightweight, 
durability, design flexibility, and corrosion resistance. They have a significant 
impact on human history, serving in various industries like construction, 
automotive, aeronautics, and household fittings. Benefits include strength, 
lightweight, durability, design flexibility, and corrosion resistance (Faheed, 
2024). Research in composite materials aims to replace traditional materials in 
engineering applications by blending components' properties for superior 
materials (Wang et al., 2024).
Reinforcements, such as fibers, flakes, and particles, enhance the durability and 
adaptability of composite materials. Fibres are the most commonly used 
reinforcements or composite materials, influencing their characteristics and 
being recognized for their environmental sustainability and adaptability 
compared to traditional synthetic fiber composites (Ahmed  et al., 2023; Akter et 
al., 2024). Composite materials, with high aspect ratio fibers, are versatile in 
automotive, aerospace, and construction industries. They can be reinforced with 
various fibres like boron, aramid, glass, carbon, and natural fibers (Chichane et 
al., 2023; Nasri et al., 2024).
Natural fibers, derived from plants, minerals, or animals, are gaining attention as 
cost-effective, renewable, and low-density alternatives to synthetic materials, 
offering energy savings and suitability for lightweight applications (Mohan and 
Kanny, 2023; Kiruthika, 2024). Natural plant-derived fibers offer low 
manufacturing temperatures, design flexibility, pollution-free production, and 
cost-effectiveness. Primarily composed of cellulose, addressing environmental 
and health risks in polymer matrices (Shaaban et al., 2024). Researchers are 
exploring the use of natural fibers in reinforcing polymers for their superior 
formability, renewable nature, cost-effectiveness, eco-friendliness, and 
applications in engineering (Sanjay et al., 2016).
Natural fibers like coir, rice husk, and flax are being used in composites due to 
their eco-friendly properties, but their strength is limited in non-bearing 
applications (Santos et al., 2024).Composite materials are gaining popularity in 
automotive and aerospace due to their superior strength, stiffness, and 
lightweight design, with fiber-reinforced composites outperforming traditional 
materials (Sharma et al., 2020; Sakti, 2024). The dashboard, a vital automotive 
component, can be made eco-friendly, lightweight, and long-lasting using 

natural reinforced fibers like coir and rice husk, thereby reducing the automotive 
sector's environmental footprint. Composite materials offer numerous 
advantages such as high strength, low weight, corrosion resistance, low densities, 
thermal and electrical conductivities, energy absorption, and aesthetic color 
effects (Patel et al., 2018). Composite materials offer weight savings, stiffness, 
and strength. The matrix, made of polymers, metals, ceramics, and carbon, 
influences the composite's properties and behavior.
The automotive industry is embracing sustainability by exploring natural and 
renewable materials like coir and rice husk for composite reinforcement, aiming 
to enhance fuel efficiency and vehicle performance. The industry is exploring 
sustainable, lightweight materials like coir and rice husk composites for 
dashboards, focusing on thermal stability and environmental benefits. The 
mechanical properties of composite materials are influenced by the type of fiber 
used, with fibrous composites enhancing toughness and resistance to 
deformation. Chemical treatment, increased interfacial bonding between matrix 
and reinforcement, and the use of rice husk and rice ash can improve their 
performance (Oyiborhoro et al., 2024; Umma, 2022).
These materials are derived from natural and renewable resources like cotton, 
wool, silk, cellulose, hemp, flax, coir, and rice husk. Rice husk's high silica 
content makes it a valuable resource for various industrial applications. 
Researchers are exploring its potential as a filler in polymer compositesto solve 
waste disposal issues (Abhishe and Mrutyunjaya, 2016). It's used in various 
industries, with alkaline treatment (Valasek et al., 2021; Gil-Sánchez et al., 
2021).
Reviewed literature lacks the effects of fiber treatment and epoxy matrix 
formulation on thermal stability, moisture absorption, degradation mechanisms, 
surface morphology, and interface properties for automotive applications using 
coir and rice husk. Coir and rice husk, abundant agricultural by-products, could 
be explored as a cost-effective alternative to traditional automotive dashboard 
materials, enhancing their economic feasibility.
This study investigates the impact of particle sizes and treatment on coir's 
mechanical properties, aiming to enhance composite materials for automotive 
applications. It assesses the environmental impact of composites, focusing on 
production processes, recyclability, and sustainability, thereby enhancing 
sustainable practices in the automotive industry.

2.  Materials and Method
2.1 Sample Preparation
Coconut fibers (CF) were extracted from the husk, washed with clean water to 
remove impurities and dirt, and sun-dried for three days to produce coir.The coir 
samples were prepared by cutting the coir into smaller pieces for easy grinding. 
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The coir was ground and divided into two parts, then treated with 0.4% sodium 
hydroxide solution for eight hours, washed with water, and sun-dried for two 
days. The second half of the coir was oven dried at 60°C for 4 hours, then cooled 
to room temperature and stored in an airtight container to prevent moisture 
absorption. The rice husk (RH) was obtained from the rice milling sector in Ikole 
Ekiti, Nigeria. After washing with deionized water, the sample was sun-dried for 
three days. The rice husk was then ground using a grinding machine, producing 
fibers of varying lengths. The fiber sizes were separated using a sieve shaker with 
different sieves
2.2 Samples Treatment
Coir and rice husk (RH) fibers underwent chemical treatment with 0.4% sodium 
hydroxide (NaOH). Chopped coir fibers (5–10 mm) were dried, washed, 
immersed in NaOH for eight hours, rinsed with distilled water, and dried at room 
temperature for five days to remove moisture. The process was repeated for both 
coir and RH fibers. The samples were then sieved using three sieve sizes (1180 
μm, 600 μm, and 425 μm) to determine particle size.
2.3 Composite Production
Composites were prepared using hand layup according to ASTM E1131 
standard, with test specimens made with varying coir fiber and RH weights. The 
fiber samples and epoxy were weighed, mixed, and stirred until 
homogenous.Half of the hardener (by weight) was added and stirred for another 
two minutes. The composites were coated with a releasing agent on the inner 
surface of a mold to prevent sticking. The mixture was then poured into the mold 
and allowed to cure for 24 hours before removal.
2.4 Composition formulation and casting 
The sieving process used sieve sizes A (0–425 μm), B (426–600 μm), and C 
(601–1180 μm). Composite production for sieve sizes A, B, and C using treated 
coir and rice husk (RH) was investigated. The epoxy mass was varied with coir to 
achieve a total weight of 100 g. Tables 1 to 6 present the composite formulations 
for both treated and untreated samples across different sieve sizes.
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3.  Results and Discussion
The results of impact energy values of treated RH composites were observed to 
be lower than untreated composites for all particle sizes, decreasing with particle 
size from 425 μm to 600 μm, then increasing at 1180 μm as presented in Figures 1 
and 2.The smaller particle sizes (425 μm and 600 μm) reduce impact energy more 
than larger ones, suggesting 425 μm may be optimal for maximizing impact 
energy (Figure 1). Untreated RH composites exhibit higher impact energy values 
for all particle sizes, suggesting that treatment decreases the material's toughness. 
The study reveals that the treatment process decreases the impact energy of rice 
husk composites, with smaller particle sizes resulting in higher energy values. 
The optimal particle size is 425 μm for both treated and untreated composites. 

Table 1: Treated coir and RH with sieve size A (Formulations A)  

Sample
 

Epoxy Coir RH

A1 95 5 -

A2  90 108 -

A3  95 - 5

A4  90 - 10

A5  95 2.5 2.5

A6  90 5 5

A7(control value) 100 - -

Table 2: Treated coir and RH with sieve size B (Formulations B)

Sample
 

Epoxy Coir RH

B1  95 5 -

B2 90 10 -

B3  95 - 5

B4  90 - 10

B5  95 2.5 2.5

B6  90 5 5

B7(control value) 100
 - -

--

Table 3: Treated coir and RH with sieve size C (Formulations C)
 

Sample Epoxy Coir RH

C1  95 5 -

C2 90 10 -

C3 95 - 5

C4  90 - 10

C5 95 2.5 2.5

C6 90 5 5

C7(control value) 100 - -

Table 4: Untreated coir and RH with sieve size A (Formulations D)

Sample Epoxy Coir RH

D1 95 5 -

D2 90 10 - 

D3 95 - 5 

D4 90 - 10 

D5

 

95

 

2.5

 

2.5

 

D6 90 5 5 

D7 (control value) 100 - - 

Table 5: Untreated coir and RH with sieve size B (Formulations E) 

Sample
 

Epoxy
 

Coir
 

RH
 

E1 95 5 - 

E2 90 10 - 

E3 95 - 5 

E4 90 - 10 

E5 95 2.5 2.5 

E6 90 5 5 

E7 (control value) 100 - - 

Table 6: Untreated coir and RH with sieve size C (Formulations f) 

Sample Epoxy Coir RH

F1 95 5 -

F2 90 10 - 

F3 95 - 5 

F4 90 - 10 

F5 95 2.5 2.5 

F6 90 5 5 

F7 (control value) 100 - - 

2.5 Experimental Test
Thermogravimetric analysis (TGA) was performed using a DTG-60H 
SHIMADZU analyzer to assess thermal stability and weight loss over specific 
temperature ranges, in accordance with ASTME1131. Fourier transform infrared 
spectrometry (FTIR) analysis was performed utilizing infrared spectrometry to 
evaluate biomineral content in isolated samples, identifying compounds and 
determining material quality. The process optimizes processing conditions and 
predicts final product performance. The impact test (IT) conducted assessed the 
impact resistance of composite materials, crucial for industrial applications, 
particularly automotive, according to ASTM D7066/D7066M standard method. 
The specimen was impacted at a velocity of 5 m/s with an impact energy of 50 J. 
The tensile test (TT): TT conducted in accordance with ASTM D7565M-
10(2017), assessed the strength of fiber-reinforced polymer matrix composite 
bars at a constant tensile load of 2 mm/min with a maximum length of 80 mm for 
industrial applications. Water Absorption Test (WAT): WAT was performed to 
assess the water absorption capacity of the composites. The test involved cutting 
and drying samples, recording their initial weight (W ) in grams, submerging 1

them in distilled water at room temperature, and removing them at specific 
intervals of 12 hours. The samples were dried, their weight recorded (W ), and the 2

procedure repeated for all tested samples. The water absorption percentage was 
calculated using Equation 1

(1)W =a		 X %
W -	W2	 1

W1
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compared to untreated composites.
Figure 8 shows that treating coir/RH composites improves water absorption at 
smaller particle sizes, but decreases at larger ones, suggesting durability and 
resistance to water exposure. Untreated composites at 600 μm and 1180 μm 
exhibit higher water absorption percentages, while treated composites have 
similar water absorption percentages. The graph reveals that treatment increases 
water absorption in treated coir/RH composites, with higher percentages 
observed at all particle sizes. The water absorption percentages varied with 
particle size, with the highest value at 600 μm and the lowest at 425 μm. 
Untreated composites had higher water absorption percentages at larger particle 
sizes, suggesting that treatment enhances water absorption.

Figures 4 and 5 reveal that treatment enhances water absorption at smaller 
particle sizes (425 μm and 600 μm) but decreases it at larger ones (1180 μm). The 
study reveals that the treatment of RH composites impacts water absorption 
based on particle size, with the highest absorption at 425 μm (13.46%). The study 
reveals that RH composite treatment affects water absorption based on particle 
size, with optimal particle size 425 μm resulting in 13.46% water absorption.
Figures 6 and 7 show water absorption percentages of treated and untreated coir 
composites at different particle sizes. Treated composites have higher water 
absorption percentages, with the highest value at 1180 μm (18.51%). The highest 
value was observed at 1180 μm, a significant increase from untreated composites 
(8.09%). The study shows that treatment significantly enhances water absorption 
in coir composites, with the highest percentage (18.51%) observed at 1180 μm, 

The treatment process enhances the impact energy of coir composites at a 600 μm 
particle size but reduces it at 425 μm and 1180 μm, while untreated composites 
show a different trend (Figure 2). The study reveals that coir composites' impact 
energy is significantly improved at 600 μm particle size, while untreated 
composites prefer 1180 μm, highlighting the significant impact of particle size.
Figure 3 reveals that treatment of coir/RH composites significantly enhances 
their impact energy at particle sizes 425 μm and 1180 μm, with the highest values 
recorded at these sizes. The study shows that coir/RH composite treatment 
enhances impact energy, particularly at particle sizes 425 μm and 1180 μm, with a 
significant improvement at 1180 μm.

Figure 1: Impact energy properties for 5% RH reinforced composite

Figure 2: Impact energy properties for 10% RH reinforced composite
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Figure 3: Impact energy properties for 10% coir/RH reinforced composite

Figure 4: Water absorption properties for 5% RH reinforcement composite

Figure 5: Water absorption properties for 10% RH reinforcement composite

Figure 6: Water absorption properties for 5% coir reinforcement composite
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The results of tests (Figure 6) reveal that treated RH composites exhibit higher 
water absorption at smaller particle sizes, while treated coir composites show 
higher absorption at all sizes, with a significant increase at 1180 μm and a 
different trend at 600 μm. Coir exhibits the highest water absorption in treated 
composites, followed by RH and coir/RH blend, indicating that material 
composition and treatment significantly influence composite water absorption 
properties.
TGA test evaluated samples' thermal stability, onset, endset, and organic waste 
residue, with results shown in Table 7.Onset temperature, the temperature at 
which transition begins, indicates better thermal stability as shown in Figures 9, 
10, 11, 12 and 13. Samples with higher onset temperatures show better thermal 
stability, ranging from 85.4°C to 884.40°C. Endset temperaturemarks the end of 
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Figure 8: Water absorption properties for 10% coir/RH reinforcement composite
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Table 7: TGA data test results 

Sample Name Temp 
(oC)

 
Total wt
loss (%)

Heat capacity
generated

 

j/g
 

Heat capacity
generated

 

(mj)
 

Organic waste 
residue (%)

 
Onset 
temp

 
Endset 
temp

 

1 A0 Control 99.9 99.8 4.85 282. 62 2.40 874.40 789.49

2
 

A2
 

TC 90/10
 

99.9
 

99.5
 

4.85
 

152.62
 

2.77
 

884.40
 

689.69
 

3
 

A4
 

TRH 90/10
 

99.9
 

99.8
 

4.85
 

2586.45
 

2.80
 

834.40
 

889.69
 

4
 

A6
 

TRHC 90/10
 

99.9
 

99.9
 

4.85
 

282.62
 

2.70
 

85.40
 

789.89
 

5
 

B2
 

TC 90/10
 

99.9
 

99.8
 

4.85
 

282.62
 

2.50
 

850.20
 

799.40
 

6
 

B4
 

TRH 90/10
 

99.9
 

99.5
 

4.85
 

152.62
 

2.65
 

884.40
 

689.69
 

7
 

C2
 

TC 90/10
 

99.9
 

99.8
 

4.64
 

262.02
 

2.80
 

877.30
 

772.60
 

8
 

C4
 

TRH 90/10
 

99.9
 

99.5
 

4.85
 

152.62
 

2.65
 

784.40
 

689.69
 

9
 

C6
 

TRHC90/10
 

99.9
 

99.7
 

4.85
 

2586.45
 

2.80
 

834.40
 

789.69
 

10
 

D2
 

UC 90/10
 

100
 

99.8
 

4.85
 

282.62
 

2.70
 

874.40
 

789.40
 

11
 

D4
 

URH 90/10
 

99.9
 

99.9
 

4.90
 

250.22
 

2.68
 

684.40
 

570.69
 

12
 

D6
 

URHC 90/10
 

99.9
 

99.5
 

4.85
 

152.62
 

2.80
 

880.70
 

789.69
 

13
 

E2
 

UC 90/10
 

99.9
 

98.9
 

4.90
 

250.22
 

2.88
 

684.40
 

570.69
 

14
 

E4
 

URH 90/10
 

99.9
 

99.5
 

4.85
 

152.62
 

2.80
 

880.70
 

789.69
 

15
 

F2
 

UC 90/10
 

99.9
 

99.5
 

4.85
 

152.62
 

2.77
 

884.40
 

689.69
 

16
 

F4
 

URH 90/10
 

99.9
 

99.8
 

4.85
 

2586.45
 

2.80
 

834.40
 

889.69
 

17
 

F6
 

URHC 90/10
 

99.9
 

99.9
 

4.85
 

282.62
 

2.70
 

85.40
 

789.89
 

major decomposition, indicates the material's thermal stability, with higher 
endset temperatures indicating prolonged decomposition as shown in shown in 
Figures 10, 14, and 15 for 425 μm, 600 μm, and 1180 μm respectively. The values 
range from 570.69°C to 889.69°C.
Figures 11, 16 and 17 analyzed the thermal decomposition of organic waste 
residues in samples, focusing on lower residue for thermal stability, with residue 
values ranging from 2.5% to 2.88%. Top samples for best thermal 
stabilityanalysis indicates that samples with high onset and endset temperatures, 
lower organic waste residues, and high endset temperatures exhibit optimal 
thermal stability.These samples have low residue percentages, indicating 
effective decomposition and minimum remaining material left.The sample A4 
(TRH 90/10) and sample F4 (URH 90/10) are deemed the most suitable for high 
thermal stability due to their overall performance (Table 7).

Figure 7: Water absorption properties for 10% coir reinforcement composite
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3.1 Surface Morphology of the Composite
SEM analysis examined the surface morphology and filler distribution of RH and 
coir fiber-reinforced epoxy composites. Images at 8000× magnification were 
captured for treated and untreated coir, RH, and coir/RH composites with 10% 
filler reinforcement, as presented in Figures 18a to 19h.
3.1.1 Particle size effect on surface morphology of the composite samples
 Surface morphology of smaller particles is smoother, while larger particles 
become rougher and rougher as illustrated in Figures 18a to 18h. Larger particle 
sizes have poor adhesion between fillers and epoxy matrix, causing stress 
concentration and fracture initiation, as reportedby Khalid et al., (2021).
3.1.2 Chemical treatment effect on surface morphology of the composite samples
SEM images of treated samples for RH, coir, and RH/coir fillers composites 
show smoother surfaces compared to untreated samples. Chemical treatment 
improves adhesion between filler particles and epoxy matrix by removing waxes 
and lignin on lignocellulosic fiber surfaces as illustrated in Figures 19a to 19h.



Figure 13: Endset temperature of sieve size 600 μm for 
treated and untreated composite

Figure 14: Onset temperature of sieve size 1180 μm 
for treated and untreated composite

Figure 15: Endset temperature of sieve size 1180 μm 
for treated and untreated composite

Figure 16: Organic waste residue of sieve size 1180 μm 
for treated and untreated composite
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Figure 10: Endset temperature of sieve size 425 μm 
for treated and untreated composite

Figure 11: Organic waste residue of sieve size 600 μm 

for treated and untreated composite

Figure 12: Onset temperature of sieve size 600 μm 
for treated and untreated composite
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Figure 9: Onset temperature of sieve size 425 μm for 
treated and untreated composite
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Figure18a: SEM image of TC 10% filler of 425 μmsize

Figure18b: SEM image of TRH 10% filler of 425 μm size

Figure18c: SEM image of TCRH 10% filler of 425 μmsize

Figure18h: SEM image of TCRH 10% filler of 425 μm size

Figure18e: SEM image of TRH 10% filler of 600 μm size

Figure18f: SEM image of TC 10% filler of 1180 μm size

Figure18g: SEM image of TRH 10% filler of 1180 μm size

Figure18d: SEM image of TC 10% filler of 600 μm size

Figure 17: Organic waste residue of sieve size 425 μm 
for treated and untreated composite
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Figure19a: SEM image of UTC 10% filler of 425 μm size
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Figure19b: SEM image of UTRH 10% filler of 425 μm size

Figure19c: SEM image of UTCRH 10% filler of 425 μm size

Figure19d: SEM image of UTC 10% filler of 600 μm size

Figure19e: SEM image of URH 10% filler of 600 μmsize

Figure19f: SEM image of UTC 10% filler of 1180 μm size

Figure19g: SEM image of UTRH 10% filler of 1180 μm size

Figure19h: SEM image of UTCRH 10% filler of 41180 μm size
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