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The development of science and technology has resulted in the increasing use of
sophisticated equipment that can produce unwanted sounds, resulting in noise.
Acoustic materials are a solution that can reduce noise. This study aims to determine
the sound absorption coefficient of a composite of teak sawdust and polyester resin
as an environmentally friendly acoustic material. The sample was made in the form
of a cylinder using a press of as many as six samples with a comparison of the mass
fraction of teak sawdust and the mass fraction of polyester resin, namely sample 1
(30:70), sample 2 (40:60), sample 3 (50:50), sample 4 (60:40), sample 5(70:30), sample
6(80:20). The samples that have been made were tested using a resonance space and
sound level meter to measure the value of the sound absorption coefficient (a) at
frequencies of 500 Hz, 1000 Hz, 1500 Hz, 2000 Hz, 2500 Hz, and 3000 Hz. The
optimal acoustic material sample in sample 1 with a fiber mass fraction of 30% and a
sound absorption coefficient of 0.707 at a frequency of 3000 Hz.
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Introduction

heard by humans include 500Hz, 1000Hz, and
2000Hz. Noise is very disturbing and harmful to

The rapid development of technology makes the
human need for the equipment used is increasing. The
use of equipment used by humans for means of
communication, transportation, information,
production, and entertainment cannot be separated
from the noise produced (Rohim et al, 2020).
Equipment that wuses increasingly sophisticated
technology produces unexpected sounds that cause
noise and discomfort to human hearing (Astika &
Dwijana, 2016). Noise problems in the community can
cause discomfort in daily activities, reduce work
productivity, and health problems, especially in the
hearing system.

Noise is sound that comes from various kinds of
human activities and equipment (Astika & Dwijana,
2016). Noise is an unwanted sound. Frequencies
between 125Hz, 250Hz, 500Hz, 1000Hz, 2000Hz, and
4000Hz are often used in environmental acoustic
measurements. While the frequencies that can be

humans, so the materials are needed to absotb intense
sound (Bahti et al., 2016). One technique to minimize
noise is to use acoustic materials (Milawarni, 2017).
Acoustic material is a material that can soak sound to
reduce production (Muhammad Munir, 2015).
Acoustic materials can absorb sound with different
strengths in each material (Yuliantika & Elvaswer,
2018).

Composites are materials formed from two or more
materials mixed with a synthetic or natural adhesive
(Erwan et al., 2015). Composites are produced by
mixing the forming materials to produce a new
material with different characteristics and mechanical
properties from the previous material (Hadi et al.,
2016). Composites from natural materials are an
alternative sound-dampening material because natural
fibers generally can absorb sound, especially indoor
noise, which is expected to be used as a sound
absorber (Sunardi & Sari, 2014). The natural fiber is a
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good choice to be researched as a material for making
acoustic materials. It is useful as a filler/reinforcing
reinforcement in composite materials from natural
materials (Pratiwi et al., 2017).

Acoustic materials from natural materials are
environmentally friendly. The use of natural fibers as
composite reinforcement in recent years has
experienced very rapid development. In recent years,
the development of composites has led to the use of
natural materials such as fibers and particles. Fibers
and particles can be obtained from stem fibers, bark,
leaves, midribs, and roots. One of the stem fibers that
can be used as a composite is teak sawdust. The
availability of teak sawdust is currently very abundant,
this is related to the many Mabel industries that are
often found in the community. Teak wood contains
natural oils that can protect itself from wet and cold
weather. Teak wood is stronger than other types of
wood because it has a closed-grain structure
(Deenadayalan et al., 2018). Sawdust is a waste from
the Mabel industry in society; generally, it is just
thrown away. Waste of various natural materials can
be used as composite reinforcement (Masturi et al.,

2021).

In recent years, the development of composites has led
to the use of natural materials such as fibers and
particles. Fibers and particles can be obtained from
stem fibers, batk, leaves, midtibs, and roots. As
reinforcement for fiber and particle composites, it is
more desirable because the manufacturing process is
casier, environmentally friendly, does not endanger
health, has low production prices, and abundant raw
materials availability.

Composites applied to soundproof rooms made of
natural fibers are not harmful to human health and are
more environmentally friendly than synthetic fibers
(Arenas & Crocker, 2010). Due to their biodegradable,
lightweight, cheaper, non-toxic, and non-abrasive
qualities, natural fibers are receiving a lot of attention
in composites as a substitute for synthetic fibers for
acoustic absorption purposes (Mamtaz et al., 2010).
Wood particles are one of the components of
processed products from sawmill industrial activities
(Ganesan & N.Valarmathi, 2014). Waste composite
technology is widely used as wood or building material
to minimize deforestation (Masturi et al., 2020). These
particles are easy to obtain and even tend to become
waste and pollution if they are not handled propetly.

The utilization of waste teak sawdust as a composite
material for acoustic materials aims to absorb noise to
reduce interference with human hearing. The research
has made a composite from a mixture of teak sawdust

waste used as a composite filler with polyester resin
(matrix) for acoustic material.

Methods

This research is a laboratory experiment with a
resonator space tube and a sound meter level as a
measuring tool to determine the absorption
coefficient. This research was conducted at the Physics
Laboratory of the Faculty of Mathematics and Natural
Sciences, Semarang State University. The tools and
materials used in this research are press, mold,
resonator space, audio frequency generator (AFG),
sound level meter (SLM), digital balance, screw
micrometer, plastic cup, stirrer, polyester resin, teak
sawdust, and vaseline. The variables used in this study
were the dependent variable: sound absorption
coefficient test and independent variables: variations
in the mass fraction of fiber (teak sawdust) and matrix

mass fraction (polyester resin) which are shown in
Table 1.

Table 1
Comparison of the Mass Fraction Percentage of Teak Sawdust and
Polyester Resin

Teak Sawdust Polyester
Sample Mass Fraction Resin Mass
(%) Fraction (%)
1 30 70
2 40 60
3 50 50
4 60 40
5 70 30
6 80 20

Research Stage

The stages of making composite materials from teak
powder and polyester resin are as follows:

1. Taking teak sawdust at a furniture factory around
the house in Tanjungrejo village, Jekulo sub-
district, Kudus district. Teak sawdust used as a
composite filler is clean, not mixed with dirt, and
dry. The powder taken is then sieved using a
sieve.

2. Weigh the raw materials according to the
composition of the mass fraction ratio of teak
sawdust powder and polyester resin.

3. Glue teak sawdust with resin. After gluing, the
mixture of materials is put into a mold with an
inner diameter of 4.26cm and pressed using the
available press for 5 minutes. Then repeated with
a different composition of ingredients.
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4. After being pressed with a printing press, the
sample was left at room temperature to dry for
approximately 24 hours.

5. After the sample is dry, the thickness is measured
using a micrometer screw.

6. The measure of the absorption coefficient on 6
samples alternately using a resonator space
connected to a sound level meter, and AFG as a
sound source at frequencies of 500 Hz, 1000 Hz,
1500 Hz, 2000 Hz, 2500 Hz, and 3000 Hz.

Result and Discussions

The test results of this study were obtained by
measuring sound absorption from the compatison of
the intensity before and after passing through the
sample using the Formula 1.

[ =Ipe ™ (1)

where I am the transmitted sound intensity after
passing through the sample, I is the intensity of the
sound before passing through the sample, « is the
sound absorption coefficient, and x is the thickness of
the sample. Acoustic impedance is a measure of the
resistance value of a certain fluid or medium to the
propagation of sound waves and affects the value of
the sound absorption coefficient (). The propagation
of sound waves that hit the barrier medium will
experience reflection, absorption, and transmission
which affect the sound energy which is determined by
the sound absorption coefficient. A sound absorption
coefficient that shows the ratio between the sound
energy that is not reflected (absorbed) by the limiting
medium and the overall sound energy that hits the
barrier medium.

The sound absorption coefficient is influenced by the
frequency of the sound source. The frequency is
divided into three namely, the low-frequency value is
less than 1000 Hz, the medium frequency value is
between 1000 Hz to 4000 Hz, and the high-frequency
value is more than 4000 Hz (Rohim et al., 2020).
Measurements were made at frequencies of 500 Hz,
1000 Hz, 1500 Hz, 2000 Hz, 2500 Hz, and 3000 Hz
with absorption coefficient in Table 2.

Each acoustic material has different acoustic
properties. Each composite has an optimum sound
absorption capability at a certain frequency. The
acoustic properties of the material as a sound absorber
are very good at a frequency of 1000 Hz (Rohim et al.,
2020). This is because at this frequency there is a waste
of energy which increases the value of the sound
absorption coefficient. After reaching the optimum

point, it will decrease because the composite material
will experience a decrease in acoustic properties at a
certain frequency.

Table 2
Sound absorption coefficient
Frequency Iy 1 X
(%h) Sample imy @B)  (em)
1 77,9 0,47 0,312
2 76,8 0,50 0,322
3 73,7 0,59 0,342
500 4 90,2 71,5 0,67 0,347
5 68,0 0,79 0,358
6 65,1 0,88 0,371
1 745 0,47 0,337
2 73,5 0,5 0,344
3 71,1 0,59 0,348
1000 4 87.3 67,7 0,67 0,379
5 64,5 0,79 0,383
6 61,9 0,88 0,391
1 74,8 0,47 0,341
2 73,9 0,50 0,345
3 71,3 0,59 0,353
1500 4 87.8 67,9 0,67 0,384
5 64,6 0,79 0,388
6 61,8 0,88 0,399
1 70,1 0,47 0,486
2 69,9 0,5 0,463
3 67,5 0,59 0,451
2000 4 88,1 65,6 0,67 0,440
5 63,2 0,79 0,420
6 61,5 0,88 0,408
1 76,1 0,47 0,579
2 77,2 0,5 0,516
3 74,7 0,59 0,493
2500 4 99,9 72,8 0,67 0,472
5 71,1 0,79 0,430
6 69,6 0,88 0,411
1 67,7 047 0,707
2 66,9 0,50 0,689
3 67,3 0,59 0,574
3000 4 04,4 65,6 0,67 0,543
5 65,6 0,79 0,461
6 64,9 0,88 0,426

Table 2 shows the sound absorption coefficient () of
each teak wood composite sample at certain
frequencies. At a frequency of 500Hz, 1000Hz, and
1500Hz, samples that are close to the ideal absorption
coefficient are sample 6 with an absorption value of
0,371; 0,391; 0,399. At the frequencies of 2000Hz,
2500Hz, and 3000Hz samples that have absorption
values close to the ideal sound absorption coefficient
are samples 1 of 0,486; 0,579; 0,707.

The quality of the sound-absorbing material is
determined by the value where the value is expressed
in the numbers 0 to 1. If the value of the sound
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absorption coefficient is smaller, the more sound is
reflected. If the greater the value of the sound
absorption coefficient, the more sound will be
absorbed, meaning the better the ability to absorb
sound. A good damping material has a sound
absorption coefficient value greater than or equal to
0,3 (@ = 0,3). A material that has a minimum sound
absorption coefficient value of 0,15 can be categorized
as a sound absorber (ISO 116541997). After analyzing
that teak sawdust can be used as a natural sound-
absorbing material because it has a sound absorption
value above the minimum value.

Figure 1
Graph of the effect of the comparison of sample composition on the
sound absorption coefficient
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Figure 1 shows the varying sound absorption values of
the teak wood composite material. The value of the
highest sound absorption coefficient in sample 1 is a
30% mass fraction at a frequency of 3000Hz of 0,707.
Meanwhile, the lowest absorption coefficient value is
found in sample 1 of the 30% fiber mass fraction at a
frequency of 500Hz. The sound absorption coefficient
tends to increase due to an increase in sound
frequency. At a frequency of 500 Hz, it can be seen
that the distribution of absorption coefficient values is
included in the lowest sound absorption coefficient,
while at 3000Hz frequency, the distribution of
absorption coefficient values is included in the highest
sound absorption coefficient.

The value of the sound absorption coefficient is
influenced by the inhomogeneity of the composite
material caused by several factors, namely theoretically
the composite is made of two or more insoluble
constituents, the mixing process is not homogeneous
so that the results are uneven. uniform. The louder the
sound of a material with a high density, the material
tends to bounce.

The addition of teak sawdust powder in the
manufacture of composites with a polyester resin
matrix will increase the value of the sound absorption

coefficient at certain limits and conditions. Based on
the research results, at frequencies of 500Hz, 1000Hz,
and 1500Hz, the greater the mass fraction of the fiber,
the greater the value of the sound absorption
coefficient, while at the frequencies of 2000Hz,
2500Hz, and 3000Hz, it can be seen that the greater
the mass fraction of the fiber, the lower the value of
the sound absorption coefficient. . This is because the
addition of teak sawdust causes high composite
density because the teak sawdust particles will be
forced to fill the deepest recesses due to the pressure
of molding time, so that the surface of the composite
matetial becomes solid. The sutface of the composite
material that is too tight or tight will tend to turn into
reflected sound energy when it hits the surface of the
test object. On the other hand, if only a small amount
of teak sawdust is added, the density of the test object
will be small or loose (hollow). The cavity formed in
the composite specimen will absorb higher sound
because the sound energy that hits the surface of the
specimen as a whole will be absorbed more.

At the frequencies of 2000Hz, 2500Hz, and 3000Hz
the properties of the composite material will affect the
mass fraction of the fiber. The sound absorption value
tends to decrease along with the increase in teak
powder particles. This is because the incoming sound
is propagated through the heat in the specimen
generated by molecular friction between the air
molecules and the fiber structure, causing fiber
damage at the micro-scale. These fibers are damaged
due to very high frequencies, so the given sound will
be absorbed and transmitted out.

Conclusions

After analyzing the results of this study, it can be
concluded that at frequencies of 500Hz, 1000Hz, and
1500Hz, the absorption value is 0.371; 0.391; 0.399
with 80% fiber mass fraction (sample 0). At
frequencies of 2000Hz, 2500Hz, and 3000Hz with an
absorption value of 0.486; 0.579; 0.707 obtained 30%
fiber mass fraction (sample 1). Based on the results of
the study, the frequency will affect the properties of
the composite material to the mass fraction of the
fiber. The sound absorption coefficient value is 0.3, so
that it can be concluded that teak sawdust is eligible to
be used as a sound absorbing material.
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