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influence of rice husk volume fraction in epoxy composites, as well
as to test their tensile strength and composite characteristics. The
methodology involves preparing the raw materials (rice husk
charcoal, epoxy resin, epoxy hardener, and silicon spray), rice husk
charcoal preparation, epoxy production from resin and epoxy
hardener, and composite manufacturing with volume fractions of
10%, 20%, and 30% following ASTM D-638 standards. The testing
of composite characteristics through tensile tests yields varying
tensile strengths. The highest tensile strength is found in composites
with a volume fraction of 10%, while the lowest tensile strength is
found in composites with a volume fraction of 30%.
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1. Introduction

In recent years, there has been a growing interest in the development of sustainable and eco-friendly
materials for various applications, including the field of composites. Composites, which are materials
composed of two or more distinct components, offer a wide range of advantages such as high
strength, low weight, and improved mechanical properties[1-2]. To further enhance the sustainability
of composites, researchers have been exploring the incorporation of natural fillers or reinforcements
derived from agricultural waste materials [3-4].

One such agricultural waste material that has gained attention is rice husk charcoal. Rice husk
charcoal is obtained from the carbonization of rice husk, a byproduct of rice milling [5-6]. It is
abundant, renewable, and possesses unique properties that make it a promising filler material for
composites. Rice husk charcoal is composed mainly of carbon, with a complex microstructure that
includes pores and a hierarchical arrangement of particles [7].
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The mechanical characteristics of composites are crucial for their performance and suitability for
various applications. The addition of rice husk charcoal as a filling material in composites offers the
potential to enhance their mechanical properties, such as tensile strength, flexural strength, and
impact resistance [8]. However, to fully exploit the benefits of incorporating rice husk charcoal into
composites, a comprehensive understanding of the mechanical characteristics and the relationship
between the filler content and the composite properties is essential.

This article aims to investigate the mechanical characteristics of epoxy composites with rice husk
charcoal as a filling material. The study will analyze various mechanical parameters such as tensile
strength, compressive strength, stiffness, and toughness of the composite. Furthermore, the influence
of varying concentrations of rice husk charcoal on the mechanical properties of the composite will
be investigated. The results of this study will contribute to the knowledge base regarding the potential
of rice husk charcoal as a sustainable filler material for epoxy composites.

Overall, this research is expected to provide valuable insights into the mechanical behavior of epoxy
composites with rice husk charcoal filling material. The findings will not only expand the
understanding of the relationship between filler characteristics and composite properties but also
contribute to the development of sustainable composites with enhanced mechanical performance.

2. Methodology

2.1. Materials and Tools

The material used in this study are rice husk charcoal as a reinforcement, epoxy resin and hardiner
as an adhesive, and silicon spray (WD-40) as a lubricant or non-stick which used to remove the
composite easily. The bulk density for rice husk and epoxy resin then obtained for the composites
material data.

The tools used in this study were digital scales, specimen molds, sieve shakers, kneading, beaker
glass, brushes, paperclips, glass stirrers, glass, spoons and tensile testing machines used to test the
tensile strength and elongation of composite breaks.

2.2 Methods

Composites undergo various stages in their production, including the preparation of rice husk
charcoal, mold creation, and composite formation. The production of composites involves multiple
steps, namely the preparation of rice husk charcoal, the creation of molds, and the formation of
composites. To create composites, several stages must be completed, such as preparing rice husk
charcoal, making molds, and forming the composite material. The production process of composites
includes several stages, such as the preparation of rice husk charcoal, mold fabrication, and
composite formation.

2.1.1. Charcoal Preparation

To prepare the rice husk charcoal for use, it is important to clean it by removing any extraneous
materials or dirt that may be attached to it. Once clean, the rice husk charcoal should be crushed to a
very fine size using a kneading technique. The resulting powder should then be sifted through a series
of sieve sizes, such as 40, 60, and 100 mesh, to obtain a pure, uniform consistency. After sifting, the
charcoal should be separated and carefully placed into plastic containers, with each size of charcoal
clearly labeled to avoid confusion.

2.1.2. Mold Making

The molds used in the manufacture of composites use molds made with a size that has been adjusted
to the ASTM D-638-4 Standard. The mold is made using a silicone rubber base material with a
thickness of 3.2 mm. The specifications of the mold to be used are 165 mm long, 3.2 mm thick, and
19 mm high. So that a mold volume of 10 is obtained. 032 ml. The mold uses a cover made of glass
and is given a paper clip. The purpose of providing a cover is to avoid the occurrence of composite
damage during drying and the absence of other components attached to the drying process. The
following is a picture of the shape of the composite specimen to be used under the ASTM D-638-4
Standard for tensile testing:
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Fig.1. Specimens with standard size ASTM D-638-4
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2.1.3. Composites

Determining the density of rice husk charcoal particles and epoxy. After calculation, the bulk density
value of rice husk charcoal was 0.3729 g/ml and the epoxy density was 1.15 g/ml. Calculates a
composite of rice husk charcoal particles, hardener, and epoxy resin based on the mold volume and
specified variations. Where the ratio between resin and hardener is 1 : 1. Here is the formula used to
find the amount of charcoal used:

volume fraction(%)
100% x V cetakan x charcoal density

charcoal =

While the formula used to calculate the amount of epoxy used:

volume fraction(%)
100% X V cetakan X epoxy density

epoxy =

Epoxy resin and rice husk charcoal were combined in a beaker glass and stirred the mixture
thoroughly with a glass stirrer for approximately 15 minutes. Then, the epoxy hardener was added to
the mixture and stirred using a glass stirrer for five minutes. The composite is then produced by
coating the mixture with silicone spray for easy removal of the dried composite material and using a
brush to flatten the silicone spray. Carefully pour the composite material mixture into the mold and
cover it with a glass plate before securing it with a paperclip. Leave the mold to sit undisturbed for
approximately 24 hours. Once the composite has cured, carefully remove it from the mold and use
sandpaper to smooth the edges of the composite in accordance with the ASTM D-638 testing
standard.

3. Results and Discussion

1. Effect of particle size of the rice husk into composite tensile strength

Tensile strength is used to determine the maximum load a material can withstand when stretched or
pulled before it breaks. Testing of rice husk charcoal-based composites and epoxy using the Tensile
Testing Machine tool with the tool type, namely retro Line tC Il for Z020 TN. The tensile testing
machine tool was carried out under operation conditions as the Table 1 below.

Table 1. Operation condition for tensile testing machine tool

Test Load Fmax 20 kN
Test Area Height 1058 mm
Test Area Widht 440 mm

Tensile Speed 5 mm/min

Based on the tensile strength data in Table 1, the addition of rice husk charcoal to the composite

turned out to be an increase and decrease in tensile strength. Therefore, we chose to use trend analysis

for forecasting where variables are non-free (dependent) and variables are free (independent). Linear
|
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trend analysis is an analysis that is shown to make an estimate or forecast of the future and find out
the tendency of the data to rise or fall [6]. The data obtained from the composite tensile strength test
of rice husk charcoal and epoxy are presented in Table 2 below.

Table 2. Composite tensile strength test in variations particle size of rice husk charcoal
Particle Size (N/mm?2)

No Rice

No Husks 40 Mesh 60 Mesh 100 Mesh

0% 10% 20% 30% 10% 20% 30% 10% 20%  30%
1. 24.36 15.68 16.44 6.38 21.90 15.92 5.23 14.42 12.38 19.99
2. 25.69 11.21 11.60 12.55 21.90 10.94 4.60 16.05 10.96 18.76
3. 19.77 13.12 17.45 15.55 18.69 17.30 5.60 16.32 19.59 16.95
z 23.27 13.34 15.16 11.49 19.54 14.72 5.14 15.60 1431 18.57

The value of tensile strength can be represented by standard deviation. Standard deviation is a
reflection of the deviation of the average value data that describes how much variation the data has.
In this case, the standard deviation is lower than the normal value, this indicates that the normal value
can be used as a general informational picture. However, if the standard deviation value is higher
than the normal value, it indicates that the normal value is a depiction of general information that
should not be used. Here is the formula for finding the standard deviation value:

N

S = —1 Z i —%)2

= N1 (xi — %)
i=1

Where: s? = variety or variation of the sample

s = Standard deviation

N = Number of data

i = I-th data number (1=1,2,3,... N)
xi =I-thdata (1,2,3,... N)

X = Sample average

Using the equation formula, the results of the standard deviation of composite tensile strength with
variations in rice husk charcoal size of 40 mesh, 60 mesh, and 100 mesh as well as variations in
volume fractions of 0%, 10%, 20%, and 30% are presented in the following figure (Fig. 1.).

The largest standard deviation value is found in the charcoal size of 40 mesh with a volume fraction
of 30% with a standard deviation value of 4.6754 while the lowest standard deviation value, it is
found in the charcoal size of 60 mesh and a volume fraction of 30% with a standard deviation value
of 0.4128. Because the standard deviation value is lower than the average value, it can be concluded
that the average value of tensile strength can be used as a representation of the overall data.

Generally, larger particles have higher tensile strength due to stronger bonding between the particles.
However, if the particle size is too large, there may be a tendency for lower tensile strength due to
gaps or empty spaces between the particles [9-10]. On the other hand, at the nano scale, phenomena
such as surface effects and size effects can influence this relationship. Nano-sized particles tend to
have a larger surface area per unit mass, which can result in a more dominant surface effect and
significantly affect tensile strength.

According to the graph above, each particle size 40, 60, and 100 mesh with 0% rice husk charcoal
added to the composite have the same value of tensile strength which is 23.27 N/mmz2. Then, the data
also explain that the more rice husk charcoal added, the smaller the tensile strength value, on the
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contrary, the smaller the composition of the husk charcoal, the greater the tensile strength value or it
can also be mentioned that the variation in charcoal addition has no effect on the tensile strength of
the composite. This is due to the large amount of charcoal in the composite which causes the easy
trapping of air bubbles so that the bond between charcoal and resin does not occur properly.
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Fig.2. The relationship between tensile strength and particle size of rice husk charcoal for 0, 10, 20, and 30 %
ratio charcoal in composite

The data for the charcoal size variations of 40, 60, and 100 mesh experienced ups and downs due to
samples made separately or it can be said that when making samples as many as 3 pieces in one
process there were broken during the collection from the mold so that the composition in the sample
was different. Composites with a volume fraction of 0% give the greatest value of tensile strength.
This is due to the homogeneous interaction of epoxy resins which leads to the occurrence of better
bonding due to the slightly trapped air bubbles.

When compared to previous studies [11] the smaller the comparison between teak sawdust charcoal
and the epoxy matrix, the greater the tensile test results obtained, and vice versa. This result is the
same as the research we have done, namely the less the comparison between rice husk charcoal and
the epoxy matrix, the greater the tensile test results obtained.

2. Elongation Break

An elongation break is a material strength testing method used to determine the percentage of
elongation or change in length, a material undergoes before it breaks under tension. Elongation at
break, also known as elongation to failure, is the measure of the percentage change in length of
material before reaching the point of fracture or failure in a tensile test [12]. Elongation at break is
commonly used in characterizing the mechanical properties of materials, especially in tensile testing
or tensile strength evaluation[13-14]. This parameter provides information about how much a
material can stretch or undergo deformation before ultimately failing or breaking.

It is often performed in conjunction with a tensile strength test. During a tensile strength test, a
sample of the material is subjected to a slowly increasing tensile load until it breaks. While the
material is being stretched, the change in length is measured continuously until the point of failure.
Elongation break is the percentage increase in the length of the material at the point of failure
compared to its original length.
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The analysis of the elongation break for the composite was obtained in the variations of particle size
of the rice husk charcoal and the additional volume of the charcoal into the composite. The result
was described in the Figure below.
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Fig.3. The relationship between elongation break of rice husk charcoal for 0, 10, 20, and 30 % ratio charcoal
in composite

For charcoal size 40 mesh based on the graph above the highest elongation break value was obtained
at a variation in the charcoal composition of 0% and 10% with a value of 4.33 and the lowest
elongation break value was found in a variation in the composition of 30% with a value of 3.33. For
the charcoal size of 60 mesh based on the graph above, the highest elongation break value was
obtained at a variation in the charcoal composition of 30% with a value of 23.67, and the lowest
elongation break value was found in a 20% composition variation with a value of 2.33. For the
charcoal size of 100 mesh based on the graph above the highest elongation break value was obtained
at a variation in the charcoal composition of 0% with a value of 4.33 and the lowest break extension
value was found in a composition variation of 20% and 30% with a value of 2.33. Then by using
trend analysis, the chart shows an increasing line it can be interpreted that with more charcoal used,
the elongation of the predicted composite break will increase.

Based on the percentage of elongation break analysis, that composite made from a mixture of epoxy
and rice husk charcoal has the greatest break elongation value found in the 30% volume fraction at a
size variation of 60 mesh. the largest break elongation value is found in composites with a size of 60
mesh with a volume fraction of 30% and the smallest break elongation values are found in composites
with sizes of 60 mesh (20%) and 100 mesh (20% and 30%). This happens because the smaller the
size of the rice husk charcoal will produce a composite with a larger density of rice husk charcoal
compared to the larger size of the rice husk charcoal. It can be concluded that the addition of rice
husk charcoal with the volume fraction has no effect on the value of the elongation of the composite
break because the results obtained are not constant.

4. Conclusion

In general, the utilization of rice husk charcoal in varying volume fractions has a significant impact
on the tensile strength and elongation at break of the composite. This can be attributed to the
increased reinforcement provided by the charcoal and the reduced presence of the binder. However,
the dimensions of the composite sample remain unchanged within the 0%-30% fraction range. The
strength of fiber composites is greatly influenced by the constituents, concentration, and distribution
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of the fibers. Furthermore, the relatively low value obtained in the tensile test may be attributed to
the mixing process employed.
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