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Abstract. The purpose of this research is to investigate the effect of bulk
density, thickness, and air gap to sound absorption performance on
absorber based sugar palm trunk fibers. The fibers were obtained from
solid waste on Small-Medium Enterprises of sago flour processing in
Klaten, Central Java, Indonesia. The absorber specimens were formed from
the fibers using a simple press molding in an oven at 150 °C. According to
ISO 10534-2, the absorber samples were tested using two microphones
impedance tube with random noise source to get the curve of the sound
absorption coefficient. The result shows that the absorption performance
can be improved by increasing bulk density and increasing of sample
thickness. Especially at low frequencies, improvement of the sound
absorption coefficient can be achieved (NAC > 0.8) by applying the air gap
behind the sample. The best performance of absorber based sugar palm
trunk fiber can be achieved for (1 000 to 6 000) Hz range frequency.

Key words: Acoustic material, natural fibers, sound absorption
coefficient.

1 Introduction

1.1 Sound absorbers from natural materials

Noise pollution causes adverse effects on human health, i.e. bad emotions, sleep
disturbances which cause daytime drowsiness, increase the risk of high blood pressure,
cardiovascular disease and deafness which may be experienced by people who work in
noisy environments [1]. Therefore, to meet human health needs, environmentally friendly
acoustic materials are required to solve air pollution problems. In general, the sound
absorber is grouped into three types, i.e. porous absorber, membrane absorber, and volume
absorber [2]. While porous absorber can be categorized into three types, i.e. cellular,
fibrous, and granular [3]. Fibrous is one type of absorber whose widely used. Fibrous type
absorber is used in many areas including architecture, automotive industry and audio
equipment [4]. The reasons for the use of fiber material are an economic factor and
excellent sound absorption performance. Examples of fiber-based absorbers including
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natural material groups such as cotton (Gossypium arboretum L.) [5, 6], sugarcane
(Saccharum officinarum L.) [7], wood [8], tea-leaf-fiber (Camellia sinensis L.) [9], rice
straw (Oryza sativa L.) [10, 11], kapok (Ceiba pentandra L.) [4]; synthetic material group
such as glass woll [12], polyacrylonitrile [13] and polyester [14]. Synthetic fibers have
negative impacts including production processes which require large amounts of energy,
causing high global warming potential [15, 16] and air pollution which irritates on eyes and
skin, also cause pulmonary disease [17]. Therefore, research on natural materials is
interesting research to seek alternative "green” and sustainable acoustic absorber.

1.2 Previous studies on natural fibers

Lim et al. [18] studied the absorption performance of kenaf fiber (Hibiscus cannabinus L.)
and they found that the absorption coefficient of the fibers increased along with an increase
of bulk density and thickness. For the thickness of 75 mm, the absorption coefficient
reached a maximum value of 1.0 at 1 100 Hz. Putra et al. [11] studied the acoustic
performance of biomass made from rice straw and absorption coefficient reaches an
average value of 0.8 above 2.5 kHz. An increase in the absorption coefficient can be
achieved by adding a polyester fabric to the surface. Or et al. [19] proposed noise control
absorber made from oil palm (Elaeis guineensis Jacq.) empty fruit bunch fibers. The
optimum absorption coefficient with values above 0.9 ranging from (1 000 to 1 500) Hz is
achieved by 50 mm thick sample with a bulk density of 292.3 kg m=. Xiang et al. [4]
investigated sound absorption performance in kapok fibers. This study shows that kapok
fibers have acoustic performance similar to glass woll. Moreover, kapok absorber produces
a better performance at lower bulk density. Putra et al. [7] studied sugarcane waste fibers
and found that sugarcane absorber with a thickness of 0.5 inches has equivalent
performance to commercial synthetic fibers with the absorption of 0.65 at (1.2 to 4.5) kHz.
Putra et al. [20] proposed noise control absorber made from extracted PALF (pineapple-leaf
fibers (Ananas comosus (L.) Merr.). PALF has an average sound absorption coefficient 0.9
at above 2 000 Hz at 20 mm thickness, while the sample with 30 mm thick has an average
absorption coefficient of 0.8 at above 1 000 Hz.

This paper discusses the potential of sugar palm (Arenga pinnata (Wurmb.) Merr.)
trunk (SPT) fiber as a sound absorber based on natural, green and sustainable material.
Conventionally, SPT fiber was used as food for worms [21] and mushroom growing media
[22]. Until recently, early development of research has been done on palm sugar trunk fiber
as raw material in glucose production [22], reinforcement in composite production [23, 24],
and a raw material of briquette production [25]. As one of the waste in the flour processing
industry with abundant quantity, SPT fiber also causes environmental problem [26].
Considering the potential of the SPT fiber, this paper contributes to the enrichment of
acoustic materials and the opportunity to use SPT fiber as a commercial absorber and
provide the resolution of solid waste in sago flour processing industries.

2 Materials and experimental setup

2.1 Sample Fabrication

The sugar palm trunk (SPT) fibers were obtained from Small-Medium Enterprises (SMEs)
of sago flour processing in Klaten, Central Java, Indonesia. The SPT was processed using
shredding machine to produced palm starch traditionally and it left solid waste containing
fibers. On the SMEs area, the solid waste accumulates in many places and causes unhealth-
smelling pollution. In the other hand, the fiber content in solid waste is quite high, which is
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around 50 %. These fibers were separated manually from the other materials. Then, the
fibers were dried naturally and finally they were dried in an oven at 80 °C for 30 min to
maximize the drying process. The fibers can be classified as hard fibers as shown in
Figure 1.

Samples were made according to the standard size of the impedance tube measurement
test. Fibers were weighed based on bulk density calculation and desired thickness. Then,
the fibers were put into an aluminum mold with a diameter of 30 mm. The forming process
of samples was carried out in an oven under the temperature of 150 °C for 10 min. Bulk
density was obtained from fibers mass divided by sample volume. Table 1 shows the
variation of sample mass, bulk density, and thickness.
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Fig. 1. (a) Raw SPT fiber, (b) Example of SPT fiber absorber.

Table 1. The variation of SPT fiber samples.

Mass of sample, Bulk density, Thickness of sample,
m (g) Pbulk, kg m3 t (mm)
1.5 70 707 30
2 94276 30
2.5 117 845 30
3 141 414 30
4 141 414 40
5 141414 50

2.2 Experimental setup

The measurement of sound absorption coefficient was done according to ISO 10534-2 test
standard [26]. The configuration of the sample on the tube as shown in Figure 2. The
sample was located at the end of the tube while at the other end mounted two microphones
to record the sound. Before the microphones measurement was used, they had to be
calibrated first using calibrator CA115 calibrator. The sound was produced by a sound
generator. The analyzer was used to process the recorded signal to get the transfer function
between two microphones. Then the software BSWA VA-Lab4 basic was used to calculate
the sound absorption coefficient.
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The measurements were operated in the frequency range of (1 000 to 6 000) Hz. In this
research, the frequency of (1 000 to 2 000) Hz was referred to as mid frequency, while the
frequency of (2 000 to 6 000) Hz was categorized as high frequency. This experiment
varied on bulk density, thickness, and application of air gap behind the sample. All
measurements were performed three times in each sample.
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Fig. 2. Measurement setup for the sound absorption test.

3 Results and discussions
3.1 Effect of bulk density
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Fig. 3. Sound absorption coefficient of SPT fibers with different bulk density, poukx with constant
thicknesses, t = 30 mm.

The result of sound absorption coefficient measurement on different bulk density at a fixed
30 mm thickness is shown in Figure 3. At the same thickness, it shows that higher bulk
density, higher sound absorption coefficient. The improvement is obvious from mid to
high-frequency range. An increase in bulk density causes an increase in flow resistivity and
tortuosity [20]. The high flow resistivity enhances the difficulty level of sound waves
through fibers, so more energy will be lost due to friction between sound waves and fibers.
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While high tortuosity shows the level of complexity of fibers configuration in the sample. It
causes more trapped sound waves and more absorbed sound waves.

3.2 Effect of thickness

The result of the sound absorption coefficient measurement varied in thickness is shown in
Figure 4. In this result, samples were made with different thicknesses while bulk density
was maintained at 141 414 kg m= (bulk density with the best sound absorption coefficient
from previous experiments). For the same bulk density, the measurement result shows that
the sound absorption coefficient at lower frequencies increases along with an increase of
sample thickness. The samples with 30 mm thick show a good sound absorption coefficient
(> 0.8) and it was achieved at frequencies above 2 000 Hz. This is a special characteristic of
porous absorber which has good sound absorption at high frequencies. The increasing
sample thickness causes an improvement in sound absorption coefficient below 1 250 Hz.
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Fig. 4. Sound absorption coefficient of SPT fibers with different thicknesses, t with constant bulk
density, pouik = 141 414 kg m™3.

3.3 Effect of air gap

This research also investigated the effect of adding an air gap applied behind the sample.
The configuration of the sample in the impedance tube is illustrated in Figure 5. The sound
absorption coefficient was measured using four different air gap configurations, i.e., d = 0
mm, 10 mm, 20 mm, and 30 mm. The application of an air gap is intended to shift the peak
toward a lower frequency. However, the sound absorption coefficient above the peak
frequency has decreased slightly due to the formation of peaks and dips caused by standing
waves in the air gap behind the sample [18, 27]. The decline phenomenon can be seen in
Figure 6.

In order to obtain good sound absorption coefficients at lower frequencies, the
application of air gap is more efficient than using full-thickness absorbers. Application of
the air gap can reduce the use of fiber so that the production costs can be reduced. As
shown in Figure 7. sample with a thickness of 30 mm added with 10 mm air gap thickness
indicates a sound absorption capability similar to a full thickness sample of 40 mm in the
(1 000 to 2 500) Hz frequency range.
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Fig. 5. Setup for air gap behind the sample.
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Fig. 6. The sound absorption coefficient of SPT fibers with a different air gap, d with constant
thickness, t = 30 mm and bulk density, pouk= 141 414 kg m.
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Fig. 7. Comparison of sound absorption coefficient between sample with a thickness of t = 40 mm

without air gap and t = 30 mm with air gap thickness of d = 10 mm at the same SPT fiber bulk density
of 141 414 kg m™.
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4 Conclusion

Sound absorption performance has been investigated in this experiment. From the
experiment, samples with bulk density 141 414 kg m~ have the optimum sound absorption
coefficient on 30 mm thick sample with a value above 0.7 at a frequency above 1 600 Hz.
This research also showed that samples with 50 mm thickness had the optimum sound
absorption performance compared to samples with lower thickness with values above 0.8 at
a frequency of 1 000 Hz and above. Furthermore, the sound absorption coefficient reaches
0.9 at (1 200 to 2 000) Hz range of frequency. Good sound absorbing performance at lower
frequencies can also be achieved by applying the gap behind the sample. The use of air gap
allows fiber usage reduction compared to full thickness samples in the same total space.
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