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Abstract—This study investigates the effect of rice husk, 

eggshell, and banana fibre on the physical properties of an 

epoxy polymer composite. The aim was to develop a less dense, 

cost-effective, moisture resistant, and sustainable composite 

material from agricultural wastes. The fibres were treated with 

5% NaOH and the composite composition of 0:25, 5:20, 10:15, 

15:10, 20:5, and 25:0 of banana fibre and eggshell with a 

constant 20% and 55% rice husk and epoxy polymer matrix 

respectively were used. The density, water absorptions, and 

thickness swelling of the composite were investigated. The test 

results showed that the eggshell, which serve as a filler in the 

matrix composite reduced the water absorption intake, thereby 

improved the properties of the epoxy polymer matrix composite. 

The composite’s density, thickness swelling and water 

absorption ranged from 0.8330 to 1.3410 x 10-3 g/mm3, 3.0 to 

4.6%, and 0.50 to 3.0% respectively. The result obtained showed 

that the composite is suitable for various applications in 

engineering such as car door panels, boat part making etc. due 

to its lower water absorption capacity and density while 

addressing environmental concerns. The research contributes to 

sustainable development goals; it promotes responsible 

consumption, production, and innovation in engineering 

materials. 
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I. INTRODUCTION  

The use of natural fibres for composite development is 
gaining popularity every day [1].  The composites that are 
produced from natural fibres exhibit better properties that 
are viable in many engineering applications such as the 
automotive, manufacturing, construction industries [2],[3], 
and so forth.  The use of composites is on the increase due 
to its cost effectiveness in terms of production [4] [5]. They 
are formed from two or more distinctive materials of 
different physical and chemical properties with the aim of 
improving the deficiencies in each of the materials that form 
the composite [6]. There are different types of composites 
in engineering; metal, ceramics, and polymer matrix 
composite. Polymer composites are immensely sought after 
compared to others because of the light weight, 
recyclability, and sustainability [7].  They are formed from 
matrix and reinforcing materials. Polymer composites are 
resistant to corrosion, possess high stiffness and can be 
utilized for complex designs [8]. However, despite the good 
characteristics of polymer composites such as resistance to 
corrosion, specific strength and flexibility, it has a major 
drawback; high moisture adsorption [9]. The natural fibres 
are hydrophilic in nature, therefore absorbs water from the 
surroundings. The water molecules penetration into the 
epoxy polymer composite which affects the composite’s 
properties. It reduces the interfacial bonds of the fibres and 
polymer matrix due to the presence of the hydroxyl groups 
[10]. Water is easily absorbed by the composite at room 
temperature which results into changes in the structure, 
composition and properties of the composite but addition of 
natural filler materials such as eggshell reduce its effects. 
The integration of natural fibres as reinforcements in 
polymer composites offers both environmental benefits and 
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the potential to improve the composite’s properties [11]. 
Among these fibres, banana fibre and rice husk have 
garnered attention for their widespread availability, 
renewability, and compatibility with polymer matrices [12]. 
The exploration of egg shell powder as an additional filler 
adds a novel sustainable dimension to composite fabrication 
[13]. Despite the promising attributes of the polymer 
composites, significant challenges persist as discussed 
which necessitate focus investigation. Therefore, this 
research aims to investigate the effect of eggshell in 
improving the water absorption capacity of the composite, 
thereby making it useful for automobile applications. 

II. MATERIALS AND METHODS 

A. Materials 

Biomass The essential materials utilized for this work 
are epoxy, hardener, banana fibre, rice husk, and eggshells. 
They were locally sourced i.e. the rice husk was obtained 
from rice mill, eggshells from the Landmark University 
Cafeteria, and banana fibre from Opeyemi farm; all in Omu-
Aran, Kwara State.  

B. Material Preparation  

(a) Banana fibre and rice husk preparation 

The rice husk and banana were individually cleaned with 
water to remove impurities and then dried in the sun for 3 
days. The rice husk sample was thereafter ball-milled to 
obtain smaller rice husk particles. The screened rice husk 
particles of 125 µm particle size [14]  were used. The banana 
fibres were cut into 40 mm lengths with scissors [15]. The 
rice husk and banana fibre were oven-dried at 60℃ for 24 h 
to get rid of the inherent moisture content. After that, the 
dried fibres were treated with 5% NaOH in water for 4 h to 
remove the foreign matter to aid the effective interlocking 
of the fibres [16]. Thereafter, the fibres were washed 
thoroughly with water for total removal of the alkalinity 
solution on the fibres and dry at 60℃ for 10 h to obtain 
moisture-free fibres  [12].  

(b) Eggshell preparation 

The eggshell was soaked in water for 24 h and washed 
severally to remove the organic residue and membrane 
secretion [12]. The washed eggshell was dried at room 
temperature for 24 h and then grinded using a ball mill. The 
resulting grounded eggshell material was sieved with a 
vibratory sieve shaker to obtain 125 µm particle size. The 
eggshell particle obtained was collected and stored in an air-
tight container [17]. 

C. Method 

The polymer composites were developed using an open 
mould hand lay-up method [18]. The epoxy resin was mixed 
with the hardener in the required ratio (2:1). The hardener, 
epoxy resin, eggshell (ES), banana fibre (BF), and rice husk 
(RH) for each test sample were manually mixed at different 
ratios as shown in Table 1 in a plastic container using a glass 
rod to form a homogenous mixture. The mould was placed 
properly on a polythene bag and taped with a cello tape to 
enable the stability of the various mould. A petroleum gel 
was used as a lubricant to lubricate the mould before 
pouring the mixture inside the mould. The polymer matrix 
was cured at room temperature for a full day prior to its 

removal from the mould [19] and the physical tests were 
then carried out on the cured composite sample. 

TABLE 1: COMPOSITE COMPOSITION  

SAMPLES ES RH BF EPOXY 

A 

B 

C 

D 

E 

F 

Control 

0 

5 

10 
15 

20 

25 
0 

20 

20 

20 
20 

20 

20 
0 

25 

20 

15 
10 

5 

0 
0 

55 

55 

55 
55 

55 

55 
100 

ES: Eggshell, RH: Rice husk, BF: Banana fibre 

The epoxy polymer composite without reinforcement 
was produced as a control. The epoxy polymer matrix was 
then reinforced with the various fibres at different mixing 
ratios as shown in Table 1, and then compared with the 
Control. Different material composition was used to obtain 
an improved epoxy natural fibre-reinforced composite [20].  

D. Physical Properties Investigation of Epoxy Polymer 

Composite 

(a) Density 
The density test was performed on each sample of the 

epoxy polymer composite reinforced with the different 
natural fibres using ASTM D792-20 [21]. The mass of the 
sample was firstly weighed using a digital weighing balance 
(Figure 1). The known mass was put in a 10 ml graduated 
cylinder containing 5 ml volume of water. The volume of 
water displaced for each sample was recorded for the 
triplicate experiment and the density was calculated using 
equation 1. 

ρ =
m

𝑣2−𝑣1 
        (1) 

where ρ (g/mm3) is the density, m (g) is the composite 
mass, 𝑣1 (mm3) is the volume of water before immersion, 
and 𝑣2 (mm3) is the volume of water after immersion. 

(b) Water absorption 
Test specimens of 20 mm × 20 mm × 3 mm were 

prepared for the water absorption test using (ASTM 
D5229/D5229M-20) standard [22]. The samples were 
initially weighed using an electronic weighing balance 
(Figure 1) to know the initial weigh before being submerged 
in an equal proportion of water in a small container for 24 
h. The water absorption test setup is shown in Figure 2. 
After 24 h, the composites were brought out and dried with 
a towel before being weighed. The weight after immersion 
was recorded after it was repeated three times and equation 
2 was used for the calculation of the water absorption 
percentage using the average value.  

 𝐖𝐚𝐭𝐞𝐫 𝐚𝐛𝐬𝐨𝐫𝐩𝐭𝐢𝐨𝐧 % =
𝐦𝟏−𝐦𝟎

𝐦𝟎
× 𝟏𝟎𝟎  (2) 

where m0 (g) is the initial mass, m1 (g) is the mass after 
immersion in water 

 

Figure 1: Digital weighing balance 
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Figure 2: Absorption test set-up 

(c) Thickness swelling  

The thickness swelling test was done on polymer matrix 
composite samples to establish the swelling rate of the 
composites when immersed in water [23]. The initial 
sample’s thickness t0 for the four sides of the composites 
were determined with a vernier calliper before immersion in 
a water container. After 24 h of immersion, digital vernier 
calliper was used to measure the thickness t1. The 
experiment was repeated three times and the average value 

was used for the calculation of the thickness swelling rate 
using equation 3 [24]. 

Thickness swelling(%) =
t1−t0

t0
× 100   (3)  

Where, t1 (mm) is the thickness after immersion, and t0 
is the thickness before immersion 

III. RESULTS AND DISCUSSION 

The density, water absorption, and thickness swelling 

results are shown in Figure 3-5. 

A. Density of the produced samples 

The Figure 3 shows the density of the different polymer 
composite samples containing different compositions of the 
fibres. Sample A, with 0% wt. ES, 20% wt. RH, 25% wt. 
BF has a lower density compared to the other samples aside 
the control sample. As the ES increases, the weight of the 
composite increases. This is because eggshell is denser 
compared with other reinforcing material used for the 
production of the composite [25]. The reinforcing of natural 
fibres with epoxy polymer matrix increases the density of 
the composite [26]

 
Figure 3: Graph for density of produced samples 

 
Figure 4: Graph for water absorption of produced samples 
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Figure 5: Graph of thickness swelling of produced samples 

 

 

B. Water absorption result of produced samples 

The water absorption test measures the material’s 
characteristics in absorbing moisture from the surroundings. 
This property is significant for conditions whereby the 
composite material was exposed to moisture. The results 
from this test revealed the hygroscopic nature of the 
composite material and its potential impact on performance 
in moisture-prone environments. The water absorption rate 
was high for composites with more BF compared with less 
BF composites as shown in Figure 4. This can be likened 
into the high cellulose content present inside the banana 
fibre which is hydrophilic in nature. The reverse was the 
case when ES content increase in the composite 
composition; there was a decrease in the water absorption 
rate. Sample A with composition of 0% wt. ES, 20% wt. 
RH, and 25% wt. BF has the highest water absorption 
response with the BF content being 25% wt. This means an 
increase in the % wt. composition of banana fibre led to an 
increase in the water absorption response but was reduced 
by an increase in the ES content by % wt. with every 
decrease in the BF weight percentage [27]. The water 
absorption rate for reinforced composite was more than the 
control sample. The BF contains hydroxy group that has 
affinity for water which make water absorption high for 
increased BF contents in the composite [28].  

C. Thickness swelling result of produced samples 

The thickness swelling tests was done on the composites 
to understand its stability or changes when exposed to 
moisture. The thickness swelling follows the trend of water 
absorption. As the water absorption increases, the thickness 
swelling also increases. According to Figure 5, sample A 
has the highest thickness swelling rate (0% wt. ES, 20% wt. 
RH, 25% wt. BF) and the least thickness swelling was 
observed in the control sample. The control sample repel 
water because it is not hydrophilic in nature. It was observed 
that there was a decrease in thickness swelling with every % 

wt. decrease in BF which can be attributed to decrease in the 
cellulose content as the weight percentage of banana used 
decreases [29]. 

IV. CONCLUSION 

In this study, epoxy matrix polymer was produced using 
rice husk (RH), banana fibre (BF), and eggshell (ES) as 
reinforcements. The following conclusions were derived 
from the study: 

The densities of the various composite samples range 
from 0.833 to 1.341 𝑔 𝑚𝑚3⁄ . It was observed that the 
reinforced samples have higher densities compared to the 
control sample, 0.652 𝑔 𝑚3⁄ . However, the densities of the 
composite were lower than that of metal matrix composite, 
and the ceramic matrix composite. 

The water absorption for each sample ranges from 0.5 to 
3% after 24 h. Samples A, B, C, D, E, F are relatively higher 
than the control. The samples’ water absorption was very 
low; making it a good prospect for car dash board, door 
lining, and other engineering applications.  

The thickness swelling of the samples ranges from 3 to 
4.6% after 24 h. Considering all the samples, banana fibre 
(BF) has the highest swelling rate when compared to the 
control due to the absorption of water. A decrease of 
thickness swelling with every % wt was observed with 
decrease of the banana fibre. 
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