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ABSTRACT

Introduction: The aim of this study was to investigate the effect of particle size (mesh) on the sound
absorption coefficient of the absorbers made from Arundo Donax reed and to determine the optimal
mesh for sound absorption.

Material and Methods: After crushing the reed stems in 10, 30, 20, 16, and 40 mesh sizes, they were
washed with 5% NaOH. To make the samples 3 and 10 cm in diameter, 10% PVA was used as a binder, and
the impedance of the two-channel tube was used according to ISO 10534-2 standard to determine the
absorption coefficient. 22 samples of meshes 16 and 20 were made to achieve the optimal mesh based
on the optimized RSM method, and the SAA index was used to compare the samples and determine the
optimal mesh.

Results: The highest absorption peak was related to meshes 16 and 20 at the frequency of 2500 Hz,
which is 0.94 and 0.98 ,respectively. The effect of increasing the thickness and density on the absorption
coefficient is evident. The results have shown the effect of increasing the thickness and density on the
absorption coefficient in mesh 20 in such a way that by increasing the density from 150 to 250 and the
thickness from 10 to 30 mm, the absorption coefficient has increased from 35 to 63.5%. The optimal
sample was mesh 20 with a thickness of 30 and a density of 250 kg/m3, which had the highest average
absorption (SAA=0.57). The greater distance between the real and imaginary parts of the impedance
shows the reactivity of the sample. In mesh 16 this distance is greater, as a result, mesh 16 has more
reactivity and correspondingly less absorption.

Conclusion: The role of particle mesh as one of the important and influencing parameters on absorption
coefficient has been investigated in this study.
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1. INTRODUCTION

One of the technical and engineering methods
involves the use of sound-absorbing materials
(natural or synthetic) to control sound in work
environments. Over the past two decades, natural-
based fibers such as date palm fibers, kenaf, and rice
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husk granules have replaced artificial absorbents
due to their cost-effectiveness and environmental
friendliness.

Among different reed species, the Arundo
donax variety possesses woody and robust stems
with thick knots and hollow internodes in marshes,
estuaries, and alongside river and lake banks. It
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typically grows at altitudes ranging from 0 to 1200
meters above sea level. Chilekwa et al. (2006) first
explored the acoustic properties of stem during
the Hollywood Project activities. Trematerra et al.
(2013) found that in samples prepared with 4 cm
reed pieces, the peak absorption at 700 and 1,300
Hz was 0.7 and 0.75, respectively. In subsequent
research, the impact of mesh on the sound
absorption coefficient has been considered. Thus,
the current research aims to create an absorber,
determine the sound absorption coefficient in
different bulk thicknesses and densities based on
particle mesh, and ultimately select the best mesh
as the optimal sample.

2. MATERIAL AND METHODS
Preparation, Creation, and Determination of the
Absorption Coefficient of Samples for Optimal
Selection

The stems of Arundo donax reed were ground
into smaller fragments using a grinder. These were
sieved using 10, 20, 16, 30, and 40 mesh sieves (2,
1.19, 0.841, 0.595 and 0.4 mm, respectively) and
subsequently rinsed with 5% NaOH. After drying
to the desired amount, based on the density of 150
kg/m? and thickness of 4 cm, they were combined
with 10% polyvinyl alcohol (PVA) as a binder. The
samples were formed into diameters of 100 and 30
mm. The absorption coefficient for each sample
was determined using the two-channel impedance
tube model B & K, following the transfer function
method of ISO standard 10534-2, over a frequency
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range of 50-6,300 Hz. After calibrating the
microphones, measurements were performed
under standard conditions (relative humidity
at 45%, temperature at 25°C, and atmospheric
pressure of 101,325 Pascal). The optimal samples
were selected based on the maximum absorption
peak and frequency range.

Making and Determining the Absorption Coefficient
of Optimal Samples

Two of the five investigated meshes with
closely aligned absorption averages were selected
for further analysis. The number of samples was
determined using the response surface method
(RSM) with thickness and density as variables
to identify the optimal mesh from these two
candidates. Accordingly, 22 samples under
identical conditions were produced. The samples’
sound absorption average (SAA) was calculated
according to the ASTM-C 423 standard at 12
frequencies of one-third of the eco band, serving
as a precise metric for more accurate selection and
comparison.

3. RESULTS AND DISCUSSION
Absorption Coefficients of Samples

Among meshes 10, 16, 20, 30, and 40, the
highest absorption peaks were observed in meshes
16 and 20 at a frequency of 2500 Hz, registering
at 0.94 and 0.98, respectively (Fig. 1). Meshes 16
and 20 accounted for 47% and 56% of the average
absorption coefficient (SAA), respectively (fig.1).

3 T
(o} 2000

T y T
4000 6000

fr(HZ)

Fig. 1: Absorption coefficient of five meshes with the same thickness and density.
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Therefore, a comparison of the absorption peaks of
meshes 16 and 20 indicates that mesh 20 is more
efficient in the mid-frequency range.

Absorption Coefficient and Impedance of Mesh
Samples 16 and 20

Given the superior SAA index in meshes 16
and 20 compared to other meshes, and following
the optimized RSM, 22 samples in three densities
of 150, 200, and 250 kg/m’ and thicknesses of 20,
10, and 30 mm were produced, and examined
with specific repeatability. Findings revealed that
increasing thickness and density in mesh 20 caused
the absorption coefficient to rise from 35% to
63.5% when density increased from 150 to 250 and
thickness from 10 to 30 mm.

The optimal samples for mesh 16 had a thickness
of 30 and a density of 200 (sample A), while mesh 20
had a thickness of 30 and a density of 250 (sample
B). They registered the highest average absorption

(SAA) of 0.52 and 0.57, respectively. Consequently,
these samples were chosen as optimal for further
comparison, detailed analysis, and final sample
selection (Fig. 2).

Impedance of Samples

For both samples, variations in the real part are
discernible in the 2000-4000 Hz frequency range,
and fluctuations in the imaginary part are evident
between 2500-1600 and 3150-1600 Hz. The real
peak for mesh 16 is approximately 38% higher than
mesh 20 corresponding frequencies. Conversely,
the peak of the imaginary part for mesh 16 is
approximately 60% greater than that of mesh 20,
implying that mesh 16 offers more resistance to
sound waves (Fig. 3).

In this study, mesh 10 exhibits greater absorption
than 40 and less than mesh 30. Meshes 16 and 20
demonstrate superior absorption with particle
sizes larger than meshes 30 and 40 but smaller than
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Fig. 2: Comparison of absorption of mesh 16 and 20
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Fig. 3: The real and imaginary parts of impedance mesh 16 and 20
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mesh 10. Hachit et al., while examining bagasse
fibers, noted that the smallest fiber size exhibits the
highest absorption performance, aligning with the
findings of this study. Results indicate that higher
meshes act passively, whereas lower meshes are
reactive. In certain meshes, such as mesh 20, based
on the size of the particles and the thickness of the
sample, there is a shift towards lower frequency.
This suggests that samples derived from reed
particles exhibit selective frequency characteristics.
Dugasa Abdi et al’s 2021 study on chrome shave
and coffee silver composite revealed that with a
thickness of 30 mm, the absorption coefficient
exceeded 0.5 from a frequency of 1000 Hz and
reached 0.95 at 2000 Hz, echoing the findings of
this study. For meshes 20 and 16, with the increase
in thickness and density, the absorption coefficient
rose as well. The enhanced absorption in mesh 20
might be ascribed to its finer particles and their
more uniform arrangement, internally fostering
consistent internal conditions. Due to reduced
viscosity, Mamtaz’s study confirmed that thin fibers
can move with greater ease and enhance absorption.

The real and imaginary values for mesh 16
are higher compared to mesh 20, suggesting

greater resistance to sound waves and increased
reflection of waves in mesh 16 compared to mesh
20, leading to diminished absorption. A wider gap
between the real and imaginary components of
the impedance implies that the sample is reactive.
This gap in sample A (mesh 16) surpasses that in
B (mesh 20), meaning sample A is more reactive
and, consequently, has lesser absorption than
sample B.

4. CONCLUSIONS

In this study, with the increase in thickness and
density, the sound absorption coefficient of the
samples has increased and the range of absorption
has tended towards low frequencies. Mesh 20 with
a thickness of 30 mm and a density of 250 kg/cubic
is introduced as the optimal mesh.
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