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Abstract

Natural materials are becoming a reliable alternative to traditional artificial materials used in sound absorption insula-
tion. The present study was conducted to investigate the acoustic insulation of micro-perforated panel (MPP) based
on sugarcane fibers and bagasse as an available and environmentally friendly material. The absorption properties

of single- and double-leaf natural micro-perforated panels (MPP) made of bagasse and also nonnatural MPPs made
of Plexiglass were measured using an impedance tube based on ISO 10534-2. Then the effect of bagasse and sug-
arcane fibers composite on the air gap of MPP was investigated. The results showed the peak sound absorption

of the bagasse composite is in the range of 1000 to 2000 Hz, and the sugarcane fiber composite has a higher sound
absorption coefficient than the bagasse composite. Also, natural MPPs have a higher absorption coefficient than non-
natural MPPs at all frequencies, and as the panel thickness increases, the peak absorption coefficient shifts to lower
frequencies. The peak sound absorption coefficient of double-leaf MPPs made of bagasse is 76%, in the range of 160
to 200 Hz. Using sugarcane fiber composite in the air gap of single- and double-leaf natural MPPs causes the absorp-
tion peak to shift to frequencies below 100 Hz. According to the results, natural MPPs have a high sound absorption
coefficient at low frequencies. These panels can control sounds with much lower frequencies, especially in a double
layer and along with cane fiber composite in their air gap.

Keywords Micro-perforated panel, MPP, Bagasse, Sugarcane, Sound, Adsorption

Introduction

Nowadays, noise control has become one of the major
challenges of our time. This should be taken into account
in the early stages of design and construction, as the
low-frequency sound is usually transmitted through
the structure rather than through the air. One of the
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structures that are used to solve the problem of sounds
with a low-frequency band is perforated absorbers and
micro-perforated plates.

Micro-perforated panels have been regarded as the
most promising material for green sound absorption
in the twenty-first century (Zha et al. 2002; Kang and
Brocklesby 2005; Fuchs et al. 2001; Qian et al. 2018).
This could be due to the durability, sensitivity, recycla-
bility, and flexibility in design, as well as the high sound
absorption characteristics of these materials. Unlike
sound-absorbent materials, these panels have no chance
of emitting powdered fibers and do not have undesirable
health effects. The MPP absorber is a thin film or panel
(plastic, metal, etc.) with a low thickness, submillimeter
pores, and porosity ratio less than 1% with an air gap and
rigid wall at the rear (Fig. 1) (Sakagami et al. 2009).

The presence of pores along with the air gap behind
them generates a Helmholtz resonator, whose absorption
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Fig. 1 Showing the schematic of an MPP adsorbent (Sakagami et al. 2009)

peak is within the resonant frequency range (Sakagami
et al. 2010). As a general rule, the central mechanism of
sound absorption is based on the Helmholtz resonance
absorption (Toyoda et al. 2010; Ashour et al. 2011; Dow-
ell 1975). One of the advantages of such a structure is
the frequency resonance that can be adjusted and cre-
ated depending on the purpose (Fahy 2000). These pan-
els have been developed in succeeding years (Qian et al.
2013; Sakagami et al. 1996; Davern 1977; Okuzono
2015 and Sakagami 2015; Sagartzazu et al. 2008) and
have been reviewed by many researchers in recent (Maa
1975, 1998; Sakagami et al. 2009; Fasllija and Yilmazer
2023; Alisah et al. 2023; Jiang 2024; Li and Choy 2024;
Rezaieyan et al. 2024). Common MPPs have a higher
peak absorption coefficient than traditional MPPs. They
are more efficient at a wider frequency ranges; however,
their sound absorption effect is limited to the resonant
frequency range (Sakagami et al. 2010). In recent years,
several attempts have been made to extend the band-
width of MPP acoustic absorption. These include the use
of multilayer perforated panels with air holes between
them (Sakagami et al. 2009; Sakagami et al. 2014), two
MPP installed in parallel (Sakagami et al. 2009) perme-
able membranes (Gai et al. 2018), and sound-absorbing
materials (Toyoda et al. 2017). Several studies have
revealed that the use of porous materials in the air gap
of common MPPs can improve the peak and frequency
range of sound absorption (Sakagami et al. 2011; Okano
et al. 2015). On the other hand, in recent years, research-
ers have paid more attention to natural materials. Both
natural fibers and their composites have a higher ability
to reduce sound compared to synthetic fibers.

Numerous researchers have created sound-absorbing
panels utilizing natural fibers like hemp, cotton, and
coconut fibers. These materials are not only aesthetically
pleasing but also cost-effective, renewable, readily acces-
sible, and environmentally friendly, posing no harm to
human health (Asdrubali et al. 2012). An examination of
various natural fibers—including hemp, sugarcane, palm,
coconut, kenaf, rice bran, rice husk, rice straw, Hanji (a
traditional Korean paper), tea-leaf fiber, mandarin peel,

pineapple-leaf fiber, corn husk, peanut shell, sugar palm
trunk, Yucca gloriosa fiber, fruit stones, wood bark, flax
fiber, and nettle fiber—as alternatives to synthetic fiber
sound absorbers indicated that, in general, thicker mate-
rials provide improved sound absorption performance in
the low- and mid-frequency ranges. Additionally, greater
density correlates with enhanced sound absorption at
the same thickness. Furthermore, increasing the distance
between the sound-absorbing material and the air cavity
behind it improves sound absorption at lower frequen-
cies. Consequently, these physical characteristics, rather
than the specific types of materials, are the primary fac-
tors affecting sound absorption performance (Jang 2023).

Since the common sound absorbers have been ineffec-
tive in the low-frequency range, in natural fibers, with
the increase of material thickness, we can see significant
sound absorption in low frequencies and improve it by
adopting strategies such as using an air layer or perfo-
rated plates (Samaei et al. 2022).

Past research indicates that employing multilayer
structures with varying properties, along with the care-
ful selection of influencing parameters, can enhance the
overall performance of the structure in the desired fre-
quency range, compared to using each component indi-
vidually (Asdrubali et al. 2012).

The majority of studies are related to the use of arti-
ficial porous adsorbents and fewer studies have investi-
gated the arrangement of natural porous materials and
MPP. On the other hand, sound control in the medium-
and low-frequency range is still a problem and is not
well known. Sugarcane is the largest crop in the world
in terms of production and has a lot of agricultural
waste and is planted in many countries including Iran.
Bagasse is the pomade of sugarcane, which after being
pressed and extracted from the sugarcane stalk remains
in the form of wet and dense fibers (Beheshti et al. 2023).
Because sugarcane production in Khuzestan province of
Iran is between 2.5 and 3 million tons per year and it is
abundantly available natively in the country, it was cho-
sen to conduct the study.



Beheshti et al. J Mater. Sci: Mater Eng. (2024) 19:35

Finally, the purpose of the present study was to design
micro-perforated panels that used porous wood board
made of cane bagasse in their structure. Bagasse compos-
ite and cane fibers were used in their air gap to improve
the sound absorption coefficient of the panel.

Materials and methods

Preparation of materials and equipment

Bagasse is a cane-derived waste obtained in the form
of dry and compact fiber pulp. The bagasse used in this
study was obtained from one of the bagasse production
companies in Khuzestan province of Iran and transferred
to the acoustic laboratory of Tarbiat Modares University
in Tehran. The specimens were dried and packed in plas-
tic bags using a laboratory dryer. The dried bagasse was
transformed into fine particles in two stages using crush-
ing. The shredded bagasse was kept at laboratory ambient
temperature for 4 days and then stored in a cylindrical
dryer at 80 °C and then dried for 2.5 h until it reaches 3%
moisture. Coarse wood chips were removed, and wood
chips with appropriate dimensions were kept in a plas-
tic bag (to prevent moisture absorption). Sugarcane fib-
ers were also purchased from the Sugar Cane Research
and Development Center in Khuzestan province. Then
the specimens were incubated for 24 h at 70 °C, and the
desired devices such as press machine and impedance
tube were prepared according to the instructions of the
manufacturing companies.

Manufacture of bagasse and sugarcane fibers composite

In this study, the sound absorption coefficient of bagasse
was first examined. For this purpose, bagasse composite
samples were prepared and tested using an impedance
tube device. The amount of bagasse and fibers needed
to make each sample was weighed and adhered with a
laboratory adhesive. The prepared composite was placed
inside molds with 10-cm and 3-cm diameters (accord-
ing to the impedance tube dimensions) in uniform layers
with thicknesses ranging from 1 to 5 cm. It was pressur-
ized to the nominal thickness using a specially designed
laboratory press machine. The adhesive used was

¥
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polyvinyl alcohol (PVA), manufactured by Sigma Com-
pany. The adhesive content for all the samples was fixed
at 6%.

Accordingly, the amount of adhesive (6% of the mass of
dried bagasse), the mass density of the sample (150 kg/
m?), the type of adhesive (PVA), press time (45 min),
and press pressure (30 bar) were determined (Feig et al.
2013). The steps of making a fiber composite are shown
in Fig. 2.

Design and fabrication of natural micro-perforated panels
In this study, natural MPPs (using bagasse) and an artifi-
cial MPPs (using plexiglass) were constructed. As men-
tioned, the MPPs consist of a perforated plate, an air gap,
and a rigid back wall. To enhance their sound insulation,
sound-absorbing materials are placed in the air gap.

The perforated plate needed for constructing the
natural MPP were made from bagasse, with a density
of 500 kg/m® A sugarcane fiber composite, possess-
ing a density of 150 kg/m?, was utilized as an absorbent
filler material within the air gap of the MPPs. The sound
absorption coefficients were assessed in both single- and
double-leaf configurations, as well as with and without
absorbent materials in the air gap. Different types of
MPPs were designed as described below, and their sound
absorption coefficients were subsequently evaluated.

Natural single-leaf micro-perforated panel (without
sound-absorbing materials in the air gap)

These panels are the most primitive MPPs comprising
a perforated plate with submillimeter pores and a thick
rear wall, creating an air gap between the perforated plate
and the back wall. Based on various studies that identify
a porosity ratio of 1% asnd a pore diameter of 0.5 mm as
optimal for MPPs, this study adopted a pore diameter of
0.5 mm and a porosity ratio of 1% for the panels. Since
measuring the sound absorption coefficient of a sam-
ple using an impedance tube necessitates the prepara-
tion of two circular specimens with diameters of 3 cm
and 10 cm, respectively, a piece of each diameter was
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Fig. 2 Making of sugarcane fiber composite and measurement of its sound absorption coefficient by tube impedance device (Beheshti et al. 2022)
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Table 1 Physical parameters of perforated plate with 3-cm diameter
Sample no Pore diameter Radius of perforated Thickness of perforated  Perforation ratio  Density (kg/ Weight of
(mm) plate (mm) plate (mm) (%) m?) bagasse
(9)
1 0.5 30 2 1 500 0.7065
2 0.5 30 4 1 500 1413
3 0.5 30 6 1 500 2.1195
4 0.5 30 8 1 500 2.826
5 0.5 30 10 1 500 3.5325
Table 2 Physical parameters of samples with 10-cm diameter
Sample no Pore diameter Radius of perforated Thickness of perforated  Perforation ratio  Density (kg/ Weight of
(mm) plate (mm) plate (mm) (%) m3) bagasse
(@
1 0.5 100 2 1 500 7.85
2 0.5 100 4 1 500 15.7
3 0.5 100 6 1 500 23.55
4 0.5 100 8 1 500 314
5 0.5 100 10 1 500 39.25

fabricated from each sample.The physical parameters of
the perforated plate are detailed in Tables 1 and 2.

Since the samples have the same density but vary in
thickness, the amount of bagasse needed to produce
them differs accordingly. MPPs were fabricated with
perforated plates of varying thicknesses (ranging from
2 to 10 mm) and air gaps (ranging from 1 to 5 cm). The
absorption coefficients were measured using an imped-
ance tube device in accordance with the ISO 10534-2
standard. A laser device was employed to perforate the
plates. The fabrication process for the samples is illus-
trated in Fig. 3.

The schematic of the single-leaf micro-perforated panel
is shown below (Fig. 4).

Double-leaf natural micro-perforated panel (without
absorbent substance)
These panels consist of two perforated panels with sub-
millimeter pores, with an air gap situated between them.
The key difference between this type of MPP and a sin-
gle-leaf MPP is that, in the double leaf MPP, an additional
perforated plate is positioned within the air gap, thereby
creating a panel with two distinct air gaps. The schematic
of the double-leaf MPP is shown in Fig. 5. Double-leaf
MPPs were also made from bagasse’s prepared in the
previous steps, and a laser device was used to perforate
them.

The dimensions of the MPP structure are presented in
Table 3.

Natural single- and double-leaf micro-perforated panel (with
absorbent substance)

In the present study, the effect of incorporating bagasse
and sugarcane fiber composites (with a density of 150 kg/
m? and thicknesses ranging from 1 to 5 cm) into the air
gap on the sound absorption of MPPs was investigated.
The schematic representation of a single-leaf MPP
including the sound-absorbing material within the air
gap is shown in the following figure (Fig. 6).

Design and manufacture of nonnatural micro-perforated
panels

This type of MPP was constructed for comparison with
the natural MPP. Nonnatural MPPs were fabricated using
plexiglass plates (Fig. 7). Both natural and nonnatural
MPPs were manufactured with similar characteristics,
including thicknesses of 2, 4, 6, 8, and 10 mm, pore diam-
eters of 0.5 um, and a porosity of 1%. The only difference
between them was the material used to fabricate the per-
forated plate.

Measurement of sound absorption coefficient using
impedance tube

Measurement of sound absorption coefficient was per-
formed by an impedance tube device according to
ISO 10534-2 standard. In this device, a large diameter
tube (10 cm) is used to measure the sound absorption
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Fig. 4 Schematic of a single-leaf micro-perforated panel

coefficient at low frequencies (1600-100 Hz), and a and the sample position inside it are shown in the follow-
small diameter tube (3 cm) is used to measure the ing figure (Fig. 8).

sound absorption coefficient at high frequencies (1600— The experiments for the low-, mid-, and high-fre-
6300 Hz). The various parts of the tube impedance device = quency bands were repeated separately, and the average
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Fig. 5 Schematic of natural double-leaf micro-perforated panel (without absorbent substance)

Table 3 Dimension value of MPP structure

Sample no Pore diameter Thickness of Porosity Air gap (D)

(d) perforated ratio
plate (t) (%)
1 0.5 pm 2 mm 1 1cm
2 0.5 um 4mm 1 2cm
3 0.5 um 6 mm 1 3cm
4 0.5 pm 8 mm 1 4cm
5 0.5 pm 10 mm 1 5cm

sound absorption coefficient was calculated for each
frequency range. Experimental trials were first done
using a single-leaf MPP, and then the second leaf of
an MPP with the same specification of the first leaf
was added to the bottom of the filler composite and
retested.

Results

In general, the results show that natural MPPs had higher
absorption coefficients at lower frequencies (below
1000 Hz) than the nonnatural MPPs at all frequencies,
and too that increasing the thickness of the perforated
plate in natural MPPs causes the peak of absorption coef-
ficient shifts to low frequencies. The application of cane
fiber composite in the present study increased the sound
absorption coefficient of natural double-leaf MPPs at low
frequencies.

Comparison of the sound absorption coefficient of natural
(bagasse) with nonnatural (plexiglass) MPP

Nonnatural materials such as spring steel (Yang et al.
2019) and metallic materials such as aluminum and steel
(Herrin et al. 2011) are commonly used to manufacture
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Fig. 6 Schematic diagram of MPP with the sound-absorbing material in the air gap
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Fig. 7 Nonnatural MPP made of plexiglas (Beheshti et al. 2022)

MPPs. In the present study, natural MPPs made from
bagasse and cane fibers were designed, and their sound
absorption coefficient was studied for the first time. The
results of comparing the sound absorption coefficient of
natural MPPs with MPPs made of plexiglas are shown in
Fig. 9.

Single-layer natural micro-perforated panels

Effect of thickness

Figure 10 shows the effect of perforated plate thickness

on the sound absorption coefficient of the natural MPP.
Based on the results of Fig. 10, MPPs with 8- and

10-mm thicknesses compared to the lower thicknesses
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have a higher absorption coefficient at lower frequencies.
However, the peak of the absorption coefficient is higher
in MPPs with lower thickness.

Effect of absorbent substance in the air gap

In the present study, the effect of using sugarcane bagasse
and fiber composite as an absorbent material on MPP air
gap was investigated. For this purpose, bagasse and cane
fiber absorption coefficients were first measured, and
then composites with higher sound absorption coeffi-
cients were selected as the air gap filler. The results of the
sound absorption coefficient of bagasse and cane fiber
composite are shown in Fig. 11.

The results of using sugarcane fiber composite (density
of 150 kg/m® and 5 cm thickness) on the sound absorp-
tion coefficient of natural MPPs with different thick-
nesses are shown in the following figure.

Based on the results of Fig. 12, using a cane fiber com-
posite in the air gap of a single-leaf, natural MPP caused
all MPPs to have a sound absorption peak at frequencies
below 100 Hz. The results of the effects of a sugarcane
fiber composite thickness (density of 150 kg/m®) on the
sound absorption coefficient of a single-leaf MPP made
of bagasse (with a density of 500 kg/m® and 1-cm thick)
are shown in Fig. 13.

Natural double-leaf micro-perforated panels

The sound absorption coefficient of natural double-leaf
micro-perforated panels (1-cm thick, 2.5-cm overhead) is
shown in Fig. 14.
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Fig. 8 Schematic diagram of the acoustical measurement system (BSWA, China) (Taban et al. 2019)
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Also, the effect of using cane fiber composite in the air
gap, on the sound absorption coefficient of a natural two-

leaf micro-perforated, is shown below.
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Fig. 9 Comparison of the sound absorption coefficient of bagasse-made MPPs with plexiglas-made MPPs
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and cane fibers were designed, and their sound
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Fig. 10 The sound absorption coefficient of a single-leaf MPP made of bagasse (density 500 kg/m?, 5-cm air gap, with different thicknesses)

absorption coefficient was studied for the first time.
The results of the study showed that the combination of
natural absorber and MPPs, with the correct selection of
dimensional and macroscopic properties, can improve
the performance of the absorber in the low-frequency
range. The use of natural materials for the construction
of MPD, the use of natural sound absorbers in the MPP
air gap, the thickness of the acoustic absorber material,
and the number of MPP layers were important factors
affecting the sound absorption rate. The material used
to make natural MPPs was cane fiber and bagasse. Based
on the results of this study, the sound absorption peak
of bagasse composite is in the range of 1000 to 2000 Hz,
whereas the peak sound absorption of the cane fiber com-
posite in the studied thicknesses is in the range of 100 to
2000 Hz. Sugarcane fibers have higher sound absorp-
tion coefficients than bagasse at mid and low frequen-
cies. This can be due to the fact that bagasse is a waste
derived from sugarcane and contains about 20-30% of
the weight of cane fiber. However, the use of bagasse as a
sound absorber has been used in various studies (Kazem
and Abdullah 2012; Aziz and Sari 2021; Malawade and
Jadhav 2020; Haghighat et al. 2023). The study by Mohit
Gaur also suggested the use of bagasse as an alternative
to glass wool for sound control (Gaur et al. 2018). In this
study, natural MPPs were made from bagasse and cane
fibers and sugarcane fibers, and their sound absorption
rate was investigated and compared with common pan-
els. In comparison to the sound absorption coefficient of
natural (bagasse) with nonnatural (plexiglass) MPP, the
results show that natural MPPs had higher absorption
coefficients than the nonnatural MPPs at all frequencies.

In addition, the sound absorption peak of natural MPPs
is at lower frequencies (below 1000 Hz) than nonnatural
MPPs. The sound absorption peak of nonnatural MPPs is
at a frequency of 1000 to 2000 Hz. The results of the study
conducted by Xiaocui Yang et al. showed that the peak
sound absorption coefficients of spring steel MPPs were
at frequencies above 1500 Hz, and their mean absorption
coefficients for 1- to 4-layer MPPs were 57.45%, 70.85%,
71.99%, and 72.28%, respectively, at frequencies of 100 to
600 Hz (Yang et al. 2019).

As a result, using natural MPPs is more desirable to
nonnatural MPPs with different sound frequencies.
Probably one of the reasons that increased the sound
absorption coefficient of natural MPPs is the higher
porosity of its perforated plate. In natural MPPs, in
addition to the Helmholtz mechanism, which plays an
important role in the sound absorption coefficient of all
MPPs, the sound absorption caused by perforated plates
made of bagasse also adds to it which does not exist in
plexiglass plates.

When installing a sound absorbent panel, the proper-
ties of the back layer significantly influence its acoustic
performance. Research indicates that the back layer’s state
is crucial in the development of various sound absorbers
(Bujoreanu et al. 2017). A common installation method
involves positioning the absorber a few centimeters away
from a hard surface, creating an air gap that functions
similarly to a Helmholtz resonator. Such a method leads
to an increase in material absorption at frequencies that
previously had a low absorption coefficient (low frequen-
cies) (Pieren 2012). Additionally, studies, including one
by Beringare and colleagues, demonstrate that the air
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layer behind the absorber improves sound absorption in Moreover, one disadvantage of MPPs is the limited
natural materials like coconut, sugarcane, and hemp fiber range of sound absorption frequencies (Arenas and
(Bhingare et al. 2019). Ugarte 2016). For this purpose, various studies have
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investigated the effect of using adsorbent material in the
air gap of MPP on their sound absorption coefficients
and confirmed the positive effect of using of it (Gaur
et al. 2018; Gai et al. 2016a, b; Rusli et al. 2020; Okano
et al. 2014; Toyoda et al. 2017; Gai et al. 2018).

On the other hand, it has been shown in various stud-
ies that the thickness of acoustic absorbent materials sig-
nificantly influences their effectiveness in diminishing the
transmission of sound energy (Lima et al. 2016). Arenas

and Ugarte (2016) showed that low-frequency resonances
of MPPs with porous materials are dependent upon the
clamping condition, the width of the air-back cavity, and
the mechanical properties of the plate (Arenas and Ugarte
2016). In fact, increases in thickness result in a longer
duration for thermal and viscous losses of sound energy,
which accounts for the direct relationship between the
thickness of absorbent materials and the enhancement of
the absorption coefficient (Mamtaz et al. 2016).
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Fig. 14 The sound absorption coefficient of natural double-leaf micro-perforated panels made of bagasse with 2.5-cm air gap

Acoustic tests on date and palm tree fibers revealed
that as thickness increases, the sound absorption coeffi-
cient improves, and the absorption peak shifts to lower
frequencies (Abd ALRahman et al. 2014).

Among the various findings of the study, it was
observed that the thickness of sugarcane fiber influ-
ences its absorption performance. As anticipated, an
increase in the thickness of the sugarcane fiber, while
the air layer depth was constant, resulted in a shift of
the resonant frequency to lower values. In their study,
Lim and colleagues examined how the thickness of the
absorber, along with the density and thickness of the air
layer, affects the sound absorption coefficient. They dis-
covered that increasing both the density and thickness of
the absorber leads to a rise in the sound absorption coef-
ficient (Ying et al 2016).

Berardi and colleagues explored various natural fibers,
including hemp, kenaf, cotton, coconut, wood fibers, and
sheep wool, to assess their sound absorption coefficients.
They also analyzed how fiber size impacts sound absorp-
tion in these natural materials. Their findings indicated
that the density and thickness of the samples played a sig-
nificant role in the sound absorption coefficient across all
the natural fibers study (Berardi and Iannace 2015). Addi-
tionally, in another study, Brady and colleagues reported
that thicker absorbers enhance sound absorption rates at
lower frequencies (Berardi et al. 2017).

The results of this study show that increasing the thick-
ness of the perforated plate in natural MPPs causes the
peak of absorption coefficient shifts to low frequencies,
but this factor decreases the absorption coefficient at

other frequencies such as high frequencies. Accord-
ingly, it is recommended that low-thickness MPPs (2 and
4 mm) could be used to control high-frequency sounds,
and MPPs with a higher thickness (1 cm or more) could
be used to control low-frequency sound. This is consist-
ent with the results of the other studies (Beheshti et al.
2022).

Figure 13 shows that as the thickness of cane fiber
composites used in MPPs air gap increases, the MPP
sound absorption coefficient improves at lower frequen-
cies. Using cane fiber composite on a natural single-leaf
MPP caused all MPPs to have a sound absorption peak
at frequencies below 150 Hz. Accordingly, using cane
fiber in MPP air gap has a very important role in increas-
ing MPPs’ sound absorption coefficient at low frequen-
cies. Studies by Kimihiro Sakagami et al. (2011) and
Okano et al. (2015) showed that the use of sound-absorb-
ing material in MPP air gaps improves sound absorp-
tion, which is consistent with the results of the present
study. Also, a study by Xiao-Ling Gai et al. showed that
cell membrane and mass block application in a single
MPP made of aluminum plates increased sound absorp-
tion. This phenomenon is mainly due to the local reso-
nance of the membrane and its mass (Gai et al. 2018).
Another study by Xiao-Ling Gai et al. showed that the
membrane had a significant effect on sound impedance
and MPPs’ sound absorption performance, which gradu-
ally increased by expanding membrane surface area (Gai
et al. 20164, b). Thus, combining MPPs with the mem-
brane and mass can improve the structure’s acoustic
absorption properties, and by adjusting the membrane
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size, an MPP with wider sound absorption bandwidth
and a higher sound absorption coefficient than single-leaf
MPP can be created. So, it is recommended that future
studies consider other effective strategies, including the
effect of using a natural membrane, as well as the MPP
mass changes on their sound absorption coefficient. The
present study also shows that by increasing the thickness
of the cane fiber composite used in the air gap, MPPs
sound absorption coefficient increases at lower frequen-
cies, but this increase is not very large.

Also, in this study, the effect of double-layered natu-
ral MPP was investigated. Figure 15 shows that the peak
sound absorption capacity of two-layer natural MPP
containing cane fiber composite is at 125 Hz, and as
the composite thickness increases, the sound absorp-
tion coefficient improves distinctly at the following
frequencies.

The peak sound absorption coefficient of the natural
double-leaf micro-perforated panels is 76% and is in the
range of 160 to 200 Hz. Therefore, natural double-leaf
MPPs is more effective than other control strategies for
controlling low-frequency sound. The results of other
studies on double-leaf MPPs also suggest that this panel
has a more sound absorption frequency range than the
single-leaf panel (Rusli et al. 2020; Mosa et al. 2018),
which is consistent with the results of the present study.
The present study also shows that the use of sugarcane
composite in the air gap of natural double-leaf MPs
increases their sound absorption coefficient at lower fre-
quencies. Also, as the composite thickness increases, the
sound absorption coefficient improves distinctly at sub-
sequent frequencies.

—_
=]
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A study by Kimihiro Sakagami et al. showed that the
application of permeable membranes, comparable with
the use of sound-absorbing materials, enhances the
sound absorption coefficient at high and mid frequen-
cies (Sakagami et al. 2014; Sarja 1998). The application of
cane fiber composite in the present study increased the
sound absorption coefficient of natural double-leaf MPPs
at low frequencies, and this effect may be due to the dif-
ference in the type of applied adsorbents.

The study by Xiao-Ling Gai et al. showed that MPP
with an L-shaped structure has a better sound absorption
performance compared to the MPP with a single-cavity
structure (Gai et al. 2017). Therefore, it is suggested that
the effect of the air gap shape of natural MPPs on their
sound absorption coefficient be studied in the future.
Moreover, the study conducted by Xiao-Ling Gai et al.
showed that utilizing the Helmholtz resonators on the
perforated plate enhances the absorption coefficient of
these panels (Gai et al. 20164, b). In future studies, exam-
ining the effect of natural Helmholtz resonators made
from natural material on increasing the sound absorption
frequency range of natural MPPs is recommended.

Conclusion

Although synthetic sound absorbers have been widely
used in the field of acoustics, their environmental and
health impacts are considered a prohibitive factor. In
general, the results show that natural MPPs had higher
absorption coefficients at lower frequencies (below
1000 Hz) than nonnatural MPPs at all frequencies, and
furthermore, the application of cane fiber composites
in the present study increased the sound absorption
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materials in the air gap
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coefficient of natural double-leaf MPPs at low frequen-
cies. On the other hand, increasing the thickness of the
perforated plate in natural MPPs causes the peak of
absorption coefficient to shift to low frequencies. There-
fore, in general, natural MPPs made of bagasse with sug-
arcane fibers composite in their air gap have a very high
sound absorption coefficient at low frequencies. There-
fore, they can be used to control low-frequency sounds.
In the event that natural MPPs made of bagasse with sug-
arcane fibers composite in their air gap are used as dou-
ble-leaf MPPs, these panels can be used to control very
low-frequency sounds that are not regulated by other
methods.
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