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Abstract. Transportation tracks of railways and highways are the highest noise pollution
contribution to the inhabitant urban due to the sources near residential areas. Many researchers
proved that the composite material could help reduce the noise by 30%. This study focuses on
designing local nature fiber composite for developing a good sound absorption material by
providing experimental methods. Three natural fibers of coconut, palm oil, and sugarcane are used
to make a composite by varying filler content for sound absorption and transmission loss
observation. The results found that sugar cane bagasse is suitable for average performance in varied
filler content for both sound absorption and transmission loss. The overall results showed a
successful improvement in both sound absorption coefficient and transmission loss with the
addition of fiber content.
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1. Introduction

The capital cities with modern facilities generate numerous sources of noise pollution
in their surroundings, including vehicles, high-speed railways, industries, and construction
activities. These factors directly impact the urban inhabitants. The drawback effects of
environmental noise are shown in the form of mental health, high stress, or high sound
pressure environments that propose hearing damage permanently. Many researchers have
shown that this pollution impacts the quality of life by receiving regularly and continuing
as an annoying source (Yu et al., 2023; Guha et al., 2023; Ciach et al., 2019). Comprehensive
scientific studies have presented methods to counter or reduce the adverse effects of noise
pollution. In transportation, efforts to reduce noise pollution were popular by introducing
composite material based on the railway structure (Gu et al., 2022; Zhang et al., 2022). The
noise from railway vibration is absorbed by structure-borne concrete composite bridges
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and composite floors. In this research, the composite is a paramount part of reducing the
noise to 30% as reported.

In urban management, it has been reported that rice husk nanoparticle composites
effectively mitigate the reverberation effect around building facades caused by noise. The
composite generated tends to have a high absorption material that is denoted by increasing
the sound absorption coefficient of materials (Rendoén et al., 2023; Sharma et al. 2023; Raj
etal.,, 2020; Hassan et al., 2020; Echeverria et al. 2019; Samodra, 2018). They observed that
the relation between the particle size of the filler and sound absorption coefficient levels
was affected. The natural source to generate composite becomes one alternative to reduce
pollution, a significant study has been made by utilization of bamboo biochar as a filler in
natural rubber composite for vibration and noise control (Mago et al., 2022; Khair et al.
2015). However, there are several materials the most widely used to absorb vibrations and
noise pollution in some engineering applications such as rubber (Corredor -Bedoya, Zoppi,
and Serpa, 2017), wool (Ilangovan et al., 2022), and silica (Yusoff et al., 2023) to optimize a
material design. Natural fibers are well-known in engineering applications due to their
present advantages, such as no harmful emissions and, at the same time, being able to
compete with the mechanical performance capabilities of synthetic materials. Additionally,
certain natural fibers are local commodities, representing renewable resources throughout
every season (Operato et al., 2023).

The study of the absorption material is required, and the relation between material and
sound absorption coefficient and overall performance is to be well understood through the
properly designed material. The optimization of design will promote the prevention of
noise from the source and provide well on transmission loss of sound. Many studies have
proposed different optimization strategies to control the noise system for material design.
First, through the experiments, the material design is characterized by measurement
testing and analyzed for the sound transmission characteristics of the composite (Zhang et
al.,, 2022; Zheng et al., 2022). Secondly, numerical studies, such as finite element analysis,
are employed to optimize and validate the transmission loss and vibration through
composite materials (Lim, Yaw, and Chen, 2022; Aratjo and Madeira, 2020; Soltani et al.,
2020). These studies have indicated that optimized design can play a crucial role in
mitigating the spread of noise contaminants and enhancing acoustical contributions.

Generally, natural fibers are difficult to harvest directly to be a composite due to
natural fibers having a lot of impurities naturally (Yudha et al, 2023; Indrasti et al., 2020;
Hariprasada et al, 2020). A special investigation is required to determine the feasibility of
natural fiber treatment (Dasore et al., 2022). The previous researcher reported that varied
levels of alkalinity were observed in composite strength through morphological
improvement (Suwan et al., 2021). On the other hand, fiber size process conditions affect
composite performance on mechanical, thermal, or sound absorption coefficient itself. The
previous researcher reported that thermal stability is more efficient by adding composites
reinforced with nano clay (Choudhary et al., 2023), and chrome shave (CS) and coffee silver
skin (CSS) fiber composite showed slightly higher sound absorption performance of 1 mm
compared to 3 mm of size (Abdi, 2021).

Realizing the importance of using local nature fibre regarding optimization material
design on mitigating noise contaminants, this study focuses on designing local nature fiber
composite for developing a good sound absorption material by providing experimental
methods. Characteristics of natural fibers such as coconut, palm oil, and sugarcane on sound
absorption coefficient and transmission loss are proposed in this investigation. The
optimization of material design is characterized by varying filler content with the polyester
matrix. This composite material is targeted as a noise barrier for high-noise transportation
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tracts close to residential areas, such as near railway traffic noise (Zheng et al, 2022;
Abdulkareem et al., 2021) and highways (Shokouhian et al., 2021).

2. Methods

2.1. Materials

Matrix composite is polyester resin and is a viscous liquid resin made from glycol and
unsaturated dibasic acid condensate, and the hardener is the butanox m-50 with a ratio of
100:4. Another chemical is the solution of sodium hydroxide (NaOH) for cotton yarns or
fabrics. Three natural fibers, namely coconut, palm oil, and sugarcane, are employed to
create a composite. The ratio of composite with varied filler content detail is given in Table
1.

Table 1 Ratio of composite detail with varied filler content

Polyester Weight Hardener Weight Total Weight Fibers Percentage

Fibre Weight (g)

(2) (g) (2) (Yowt)
336.00 14.00 0.00 350 0
329.28 13.72 7.00 350 2
322.56 13.44 14.00 350 4
315.84 13.16 21.00 350 6
309.12 12.88 28.00 350 8
302.40 12.60 35.00 350 10
295.68 12.32 42.00 350 12

2.2. Natural Fibres Collection

The natural fiber of coconut, palm oil, and sugarcane were collected from local sources
by varying methods. The coconut fibers were made from the coconut skin received from
local farmers in Malaysia, and they were then shredded to get the coconut fiber before any
treatment was conducted. The coconut fiber was then cleaned with distilled water and
dried for one day in direct sunlight. Moreover, the oil palm fiber was made from oil palm
fruits and collected from the palm oil industry in Malaysia after the milking process.
Meanwhile, the leftover components, which are typically referred to as bagasse, were
generated as by-products after the sugar canes were compressed. Due to the bagasse
containing a lignocellulose substance made up of 45-55 percent cellulose and 25-30
percent hemicellulose, the natural sugarcane fiber was submerged in water for 24 hours to
remove those impurities. To prevent the sugarcane from remaining in moisture conditions,
the sugarcane residue was exposed to the sun to evaporate the water.

2.3. Mercerization Processing

To enhance flexibility and remove impurities from the natural fiber, it underwent
treatment with a 2% sodium hydroxide (NaOH) solution, commonly referred to as an
alkaline treatment. The natural fibers were submerged for a predetermined period of time
at a predetermined temperature in a NaOH solution, as shown in Figure 1a. Subsequently,
the fibers were thoroughly rinsed to remove the solution, using distilled water. In addition,
the coconut fiber was soaked for 1 to 2 hours in distilled water to neutralize it and render
it non-alkaline. Followed by an evaporation stage where the fibers were dried in the oven
at 100°C for six hours as shown in Figure 1b.
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Figure 1 Natural fiber treatment; 1a) NaOH immersing and 1b) dried process

2.4. Composite Preparation

The process of removing impurities involved a grinding and sifting process in the
preparation of the material. In the sieving process, the fibers were filtered to remove
unwanted materials such as cotton on sugar cane fiber and palm oil shell fragments from
the fiber, as shown in Figure 2a. The preparation of the composite material ratios followed
the guidelines outlined in Table 1. The mold used in the process was crafted from a steel
plate with a thickness of 5 mm. The ease-release compound was required to be applied to
the mold before pouring the polyester inside. The composite was made by implementing
the lay-up technique, where the polyester was mixed with the hardener before being
applied to the mold together with the fibers. The composite curing was at ambient
temperature for 4 hours, followed by cutting the sample using a hole saw 38 mm in
diameter for each sample, as shown in Figure 2b.

(b)

Figure 2 (a) Impurities removal processing, (b) Composite samples were analyzed in the
impedance tube

2.5. Impedance Tube Testing

The impedance tube with ACUPRO Version 4.5 was used to measure the acoustical
properties of materials and systems under ISO 10534-1 (ISO, 2002) and ASTM E2611 for
transmission loss measurement. The ACUPRO tube with supports and leveling screws was
made of stainless steel with an internal diameter of 38 mm. The operating range frequency
level ranged from 50 Hz to 5000 Hz with 4 microphones. The impedance tube was
measured for both sound absorption coefficient and transmission loss of those frequency
ranges.
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3. Results and Discussion

3.1. Noise Absorption Coefficient

The plotting graph was described as a single peak to measure the sound absorption
coefficient of each sample. Figure 3 presents the level of the sound absorption coefficient
against the frequency of coconut fiber. The observation of the sound absorption coefficient
was conducted by varying the filler content within the range of 0% wt. to 8% wt. Likewise,
the frequency absorption has shown in diversity ranges. Based on the results, the 6%wt. of
filler content showed a slightly higher sound absorption coefficient compared to others
reaching 0.985, while 0.832 was the lowest reached by the polyester. It means that the
sound absorption coefficient was close to 1 and has an improvement of around 16.62%
compared to polyester. Other observations found that the frequency absorption values
occur at 2268 Hz presented that early compared to other composite filler content. This
frequency was valid and good results were expected for the frequency ranges between 45
45.6 <f<4559 Hz and 64.8 << 6480 Hz for coconut and sugar cane, respectively (Da-Silva
et al, 2019). While the sound absorption factor for each palm oil sample is illustrated in
Figure 4. The single peak predicted that the highest peak occurred in 8% by Weight. of filling
content observed that all peaks resulted below 3300 Hz. By comparing the initial sound
absorption coefficient of polyester, it has improved by 20.12% from the polyester shown
much better than coconut fiber. Another observation has been done on sugar cane fiber
composite. The sugar cane fiber also reported showing good agreement with adding filler
content which is the highest single peak shown by 10% wt. of filler content as shown in
Figure 5. It reported that a wide range of frequencies at a single peak occurs from 3000 Hz
to 3900 Hz.
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Figure 3 The sound Absorption coefficient against the frequency of Coconut Fiber
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Figure 4 The sound Absorption coefficient against the frequency of Palm Oil Fiber
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Figure 5 The sound Absorption coefficient against the frequency of sugar cane fiber

All results present the phenomenon of the sound absorption coefficient being linear to
fiber content. These measurements were the average absorption graphs mentioned in
Figure 6. The potential of coconut composite to sound absorption was successful and
obviously shown good based on the results. In the observation of filler content, the sound
absorption coefficient of oil palm fiber exhibited a slight linear increase, as depicted by the
average plotting on the graph, albeit on a small scale. Furthermore, the sugar cane results
also presented performance improvement in sound absorption by linearly adding sugar
cane fiber. This improvement was able to achieve a sound absorption percentage increase
average of 18.54% compared to pure polymer.

The comparison of the sound absorption coefficient for all natural fibers is shown in
Figure 7. The high performance was shown by palm oil fiber at 20.12% from pure polyester.
[t is obvious that natural fiber has the potential to absorb sound to control the noise system.
This phenomenon was also reported by previous researchers, and natural fiber was
successfully used as an alternative material for noise control (Saini et al., 2020; Kesharwani
et al. 2020; Sasikumar et al,, 2020; Da-Silva et al., 2019).

3.2. Transmission Loss Measurement

On the ACUPRO impedance tube, ASTM E2611 stated two load methods for
transmission loss measurements, first by using Anechoic Load A for independent
termination of the tube and second by using Rigid Load B. This investigation was
represented by Rigid Load B to describe transmission loss conditions for each natural fiber
composite. The ability of the material to absorb the sound can be observed by plotting the
graph between sound (dB) and filler contact (%wt.). Figure 8 shows the transmission loss
that occurs in the all-natural fiber composites obtained by predictions by DB. The coconut
can be seen obviously that the sound (dB) successfully counters by the composite denoted
by linear line by increasing the filler content (%wt.). It can be verified that the values of the
transmission loss increase by adding filler content. With the comparison of the results from
palm oil fiber, it is easy to observe that the optimization of the palm oil fiber composites
some meet unsuccessful. The results found that only 2%wt. of filler content showed higher
absorbance of the sound (dB) then became constantly lower. It might have been caused by
inhomogeneous fiber distribution and agglomeration during composite fabrication. A good
agreement between transmission loss and filler content was shown by sugar cane fiber that
filler content succeeds in countering the sound by adding the fiber. According to the results,
coconut fiber was the best combination of the transmission loss composite material, giving
the most effective sound absorption, as shown in Figure 9. All composites were collected at
similar frequencies of transmission loss peaks of around 5000 Hz. It was confirmed by the
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results of previous research that found the transmission loss of coconut was higher due to
good fiber distribution or well morphology and allowed to absorb more sound (Bhingare
and Prakash, 2021; Da-Silva et al., 2019).
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4. Conclusions

The main target of this experimental study was to generate composite material based
on natural fiber that presented good performance in noise control for noise barrier
applications. Based on the observed results, several predictions have been formulated. The
first suggests that the sound absorption coefficient obtained from oil palm exhibited
superior performance. On the other hand, for overall average performance, sugar cane
dominated, likely due to its promotion of low density and low stiffness. The second
prediction indicates that the transmission loss of coconut fiber material surpassed that of
other fibers, attributed to morphology-related factors. The sugar cane performance
showed stable results on average compared to others which fluctuated. The third found
that lay-up techniques of composite showed that it is very difficult to achieve the desired
results due to the natural fiber presenting low density, which causes a lack of homogeneity
of composite. However, the overall results showed an improvement in both sound
absorption coefficient and transmission loss with the addition of fiber content. The last
recommendation is to explore hybrid fiber content in noise control studies, aiming to
address morphology issues by filling the void among fibers.
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