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Abstract

Micro-Perforated Panels (MPP) are widely recognized for their effectiveness in passive noise control, relying on
submillimetre perforations to achieve sound absorption without traditional fibrous fillers. The shift towards sustainable
materials has prompted the exploration of bio-composites incorporating natural fibres for acoustic applications. Oil palm
fibre (OPF), a by-product of agricultural waste, offers a renewable and biodegradable reinforcement when integrated with
polylactic acid (PLA) to form Bio-Composite MPPs (BC-MPP).This study aims to investigate the acoustic and mechanical
performance of BC-MPP fabricated from OPF/PLA composites with a compatibilizer. A systematic approach encompassing
material fabrication, tensile testing, Scanning Electron Microscopy (SEM), and Sound Absorption Coefficient (SAC) analysis
was adopted to assess the influence of fibre content and air gap variation. BC-MPP achieved a maximum SAC of 1.00 at
1530 Hz with 30% OPF and a 10 mm air gap. With increasing air gaps (20 mm and 30 mm), SAC values of 0.99 were
recorded at 970 Hz and 800 Hz, respectively. Mechanical analysis showed a reduction in tensile strength at higher OPF
contents, attributed to fibre pull-out and interfacial voids. This study presents an eco-friendly acoustic solution using agro-
waste-derived composites. Future work will explore fibre surface treatment and hybrid reinforcement strategies to optimize
both acoustic and mechanical performance.

© 2025 Jordan Journal of Mechanical and Industrial Engineering. All rights reserved

Keywords: Bio-composite materials, Micro-perforated panel (MPP), Acoustic absorption, Sustainable engineering materials, Mechanical
systems noise control.

fibre absorption with the tunability of micro-perforations
[12], [13]. Studies have also shown that polylactic acid
(PLA), as a biodegradable matrix, can be reinforced with
agro-waste fibres such as oil palm fibre (OPF), offering
environmental benefits and functional mechanical
properties [3], [14], [15], [16]. However, conventional

1. Introduction

The increasing demand for sustainable acoustic
solutions has driven interest in micro-perforated panels
(MPP), which rely on submillimetre perforations to

attenuate sound via viscous and thermal dissipation
mechanisms [1], [2], [3]. While traditional materials like
foam and fiberglass are effective, environmental concerns
and performance limitations necessitate alternatives.
Natural fibre-based composites offer a biodegradable,
cost-effective, and structurally adaptable option for noise
control, particularly in industrial and mechanical systems
(4], [5]. [6]. [7].

Recent advancements in acoustic engineering have
introduced micro-perforated panel (MPP) systems
integrated with fibrous materials to enhance sound
absorption across a wide frequency spectrum [5], [6].
Natural fibres such as silk cotton, cellulose, and basalt
fibre composites have demonstrated excellent acoustic
damping due to their porous structure and energy
dissipation capacity [8], [9], [10], [11]. The use of
biocomposites in MPPs combines the benefits of natural

* Corresponding author e-mail: amri@usm.my.

MPPs often employ metallic substrates, such as aluminium
and steel, which pose recyclability and biodegradability
challenges [17]. Therefore, the integration of natural fibres
in biodegradable matrices represents a shift towards more
sustainable acoustic materials [18], [19], [20], [21].

Despite promising acoustic outcomes, current natural
fibre-based MPPs suffer from mechanical limitations,
including reduced tensile strength and fibre-matrix
interfacial issues, particularly under varying structural
loads [22], [23], [24]. Many studies focus on the acoustic
benefits of natural fibres but overlook the need for
sufficient mechanical integrity for industrial applications.
Additionally, the combination of OPF and PLA often leads
to poor adhesion due to their hydrophobic and hydrophilic
mismatch, respectively [14], [15], [16], [25]. The lack of
compatibilization strategies in existing literature leaves a
gap in optimizing the composite performance.
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Furthermore, limited research addresses the effect of air
gap configuration on the sound absorption coefficient
(SAC) in bio-composite MPPs, despite its crucial role in
resonance tuning. These unresolved challenges highlight
the need for a complete investigation that integrates
material selection, structural design, and performance
characterization for both acoustic and mechanical
functionality.

While prior studies have explored OPF/PLA composite
for acoustic applications, they have largely overlooked the
role of compatibilizer in enhancing fibre-matrix adhesion,
which is critical for mechanical performance. Moreover,
there is limited work integrating quantitative
microstructural analysis with mechanical and acoustic
evaluations, especially in bio-composite MPPs. Few
studies statistically compare predicted and experimental
SAC wvalues or assess the influence of air gap
configurations in a systematic method.

To address these gaps, this study develops and
evaluates bio-composite MPPs composed of oil palm fibre
(OPF), PLA and maleic anhydride-grafted polypropylene
(MAPP) as a compatibilizer. The experimental approach
includes tensile testing, quantitative microstructural
analysis, and sound absorption measurements across
varying fibre contents and air gaps. The goal is to identify
optimal formulations that balance acoustic performance
and mechanical integrity for engineering applications in
noise-sensitive environments.

2. Materials and Methods
2.1. Materials Synthesis and characterization

Oil palm fibre (OPF), polylactic acid (PLA), and
maleic  anhydride—grafted  polypropylene  (MAPP;
OREVAC® CA100/CA100N) were selected to fabricate
bio-composite micro-perforated panels (BC-MPPs). OPF
was cleaned, dried at 60 °C for 24 h, and ground to 1 mm
particles. PLA and MAPP pellets were also pre-dried to
eliminate moisture. Material properties are summarized in
Table 1.

Table 1. Material properties of OPF, PLA and compatibilizer.

Table 2. The detailed formulation of the material.

Composite ) OPF PLA  Compatibilizer
. Specimen

Material % @ ) @ *) @
BC-1 20 40 75 150 5 10

OPF +PLA+ BC-2 30 60 65 130 5 10

Compatibilizer gc-3 40 80 55 110 5 10

(BC) BC-4 50 100 45 90 5 10
BC-5 60 1200 35 70 5 10

. Compatibilizer
Material OPF PLA
(MAPP)
(kg/em) 0.457 1.24 0.91
Density
(g/cm?) | 0.000457 | 0.000124 0.00091
Tensile Strength
(MPa) 1135.11 50 -
Melting
Temperature (°C) ) 175 167

Composite preparation was conducted using a torque
rheometer (POTOP RTBI-200). A mixture of 150 g PLA
and 10 g MAPP was processed at 175°C and 5 rpm for
5 min, followed by the addition of 40 g OPF at 50 rpm for
10 min. This was repeated for various OPF:PLA:MAPP
ratios (Table 2). Sheets were compression-moulded at
175°C using a GoTech press with a cycle of 5min
preheating, 3 min pressing at 50 tons, and 5 min cooling.
Samples were stored in a desiccator for 24 h before testing.

Tensile properties were assessed per ASTM D638
(Type IV) using an Instron 3367 at 1 mm/min under
controlled conditions (23+2°C, 50% RH). Dumbbell
specimens (1 mm thick, 15 mm wide, 150 mm long) were
tested in triplicate. Surface and fracture morphology were
observed using FE-SEM (FEI Varios 460L).

2.2. Theory of Micro-Perforated Panel

The acoustic impedance of a tube can be described by
the following equation, as long as the wavelength of the
incoming sound is longer than the tube’s diameter and the
spacing between the tubes.

. 2\ (hE=D\

Z=jopt [1 (sJ—T) (/o(fJ—_f))] @

§ =10y pwin @

Here Jo and J:1 are quantified to as the zeroth- and first-
order Bessel functions of the first type, o is the sound’s
angular frequency, p is the air density, t is the thickness of
the plate, ro is the perforated hole’s radius, and 1 is the air
dynamic viscosity, ¢. The acoustic impedance value of the
MPP can be determined by dividing Eqg. (1) by the ratio of
the perforated area to the total surface area of the panel.
Since the acoustic impedance of Eq. (1) is not practical,
[26] suggested a better method with an inaccuracy of less
than 5%. The normalized acoustic impedance of MPP, or
Zpm, is expressed as [26], [27]:

A .
ZpM = Z_) = RpM + ]XpM: 3)
_ Citx1075 x2  xdv2
RpM_T( 1+E+ ot ), (4)
Xpw = 001857 (14 ——+ 252 )
p 9+
x=C, x 10‘3d\/? (6)

Where Ci1 and C; are 0.147 and 0.316 for nonmetal
MPP and 0.335 and 0.21 for metal MPP, Rpm and Xpwm are
defined as the resistance and reactance of the MPP,
respectively, while f denotes the frequency and d
represents the diameter of the perforated hole. The formula
below can be used to calculate the sound absorption
coefficient () of MPP under normal incidence conditions

with an air gap.
4Ry

“= (14 Rym) "+ [@ X Xpm— cot(@D/Cp)]” Q)
where Co is the sound speed at which the MPP is
struck.

2.3. Sound Absorption Coefficient Measurement
The acoustic performance of MPPs was predicted using

Maa’s impedance model [26], [27], [28], [29]. The micro-
perforation diameter was fixed at 0.8 mm and drilled using
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a CNC milling machine (FANUC ROBODRILL a-
T21iFLb) with a spindle speed of 10000 rpm and feed rate
of 65 mm/min. The design parameters were first simulated
using MATLAB to ensure target SAC values. Table 3
presents the geometrical and acoustic parameters for each
sample. SAC measurements were conducted using a two-
microphone impedance tube method, in accordance with
ISO 10534-2 and ASTM E1050 standards. The setup
included GRAS 46AE microphones, LMS software, and a
loudspeaker generating random sound signals within a
frequency range of 500-3500 Hz. Specimens were inserted
into a 34.8 mm diameter impedance tube with air gaps of
10, 20, and 30 mm adjusted via a movable plunger.
Microphones were calibrated before each test, and the
SAC was calculated using a=1—|R]’, where R is the
reflection coefficient obtained via transfer function H12.

3. Results and Discussion

3.1. Sound Absorption Coefficient (SAC) of Bio-Composite
Samples

The variation in sound absorption coefficient (SAC) for
bio-composite (BC) samples with different oil palm fibre
(OPF) compositions, under varying air gap configurations
(10 mm, 20 mm, and 30 mm), is presented in Figure 1. An
analysis of Figure 1(a) reveals that, for a 10 mm air gap,
the SAC peak occurs between 500 Hz and 600 Hz across
all OPF compositions. Among the tested samples, BC-4
(50 wt.% OPF) exhibits the highest SAC values throughout
the frequency range (0-2000Hz), indicating superior
acoustic damping behavior.
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A similar pattern is observed in Figures 1(b) and 1(c),
corresponding to 20 mm and 30 mm air gaps, respectively.
The SAC peaks remain within the 500-600 Hz range, and
BC-4 consistently outperforms other compositions.
Notably, BC-2 (30 wt.% OPF) and BC-5 (60 wt.% OPF)
rank second and third, respectively, in terms of SAC
performance. This trend implies an optimal OPF loading
of 50wt.%, beyond which the acoustic performance
deteriorates, likely due to increased stiffness and reduced
porosity that hinder effective sound wave dissipation [23],
[30].

The effect of increasing the air gap thickness
marginally shifts the SAC curves while maintaining the
same trend of frequency response. Greater air gaps
enhance low-frequency absorption, consistent with
quarter-wavelength theory and resonance effects [31].
However, the enhancement plateaus beyond 20 mm,
suggesting diminishing returns with larger air cavities
under the current sample configuration.

Comparison with earlier works on natural fibre-based
composites indicates comparable or superior SAC values
for the OPF-based BC-4 sample, reinforcing its potential
as an effective eco-acoustic material [32], [33]. Prior
studies have also emphasized the role of fibre dispersion,
interfacial bonding, and pore structure in tailoring acoustic
absorption characteristics [34]. While current findings are
promising, limitations include lack of microstructural
correlation and airflow resistivity data, which should be
addressed in future work to strengthen structure—property
relationships.

Table 3. Measured BC-MPP sample parameters.

BC-MPP Sample Sample
Specimen Composite BC sample sample diameter thickness Perforated hole  Perforation
P Density (g/cm3)  weight (g) np (mm) (mm) diameter (mm)  Ratio (%)
weight(g)

BC-1 1.137 1.29 1.22 34.81 1.15 0.8 1.638
BC-2 1.163 1.32 131 34.85 1.14 0.8 1.638
BC-3 1.178 1.35 131 34.86 1.13 0.8 1.638
BC-4 1.205 141 1.36 34.82 1.15 0.8 1.638
BC-5 1.219 1.48 1.46 34.86 1.18 0.8 1.638
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Figure 1. SAC for Bio-Composite (BC) samples without MPP at different OPF compositions. (a) 10 mm, (b) 20 mm, and (c) 30 mm air gap.
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3.2. Tensile Strength of Bio-Composite

Table 4 presents the tensile properties of bio-composite
(BC) samples with varying oil palm fibre (OPF) and
polylactic acid (PLA) compositions. A clear inverse
relationship is observed between OPF loading and both
tensile strength and elongation at break. As OPF content
increases, tensile strength and ductility decline
significantly. ~ Although ~ maleic  anhydride-grafted
polypropylene (MAPP) was incorporated to improve the
interfacial adhesion between OPF and PLA, the reduced
matrix fraction at higher OPF contents likely contributed
to poor fibre wetting and dispersion. This reduction in
PLA availability impedes effective stress transfer, leading
to weak fibre—matrix bonding, void formation, and early
failure during tensile loading [35].

Table 4. Tensile strength of samples with different composition
percentages.

Tensile Tensile Elongation at
NO. Sample Strength Modulus Break
(MPa) (GPa) (%)
1 BC-1 20.43 155 0.85
2 BC-2 17.99 1.47 0.76
3 BC-3 16.03 1.65 0.59
4 BC-4 12.49 1.76 0.41
5 BC-5 8.42 1.60 031

The occurrence of fibre agglomeration becomes more
pronounced at elevated OPF contents due to inadequate
dispersion, further contributing to structural defects. Such
voids serve as stress concentrators, accelerating crack
initiation and propagation under load, thereby lowering
both tensile strength and elongation [36].

(c

In contrast, the tensile modulus increased with OPF
loading up to 50% (BC-4), indicating enhanced stiffness
due to the presence of rigid fibres. This increase aligns
with previous studies where the incorporation of high-
modulus fibres restricted matrix deformability, resulting in
higher modulus values [37]. However, a slight decrease in
tensile modulus at 60% OPF (BC-5) is observed, which
may be attributed to matrix insufficiency, poor fibre
wetting, and increased agglomeration, all of which
compromise stress distribution efficiency [38].

The results highlight an optimal fibre loading threshold,
specifically at 50wt.%, that balances stiffness
enhancement without severely compromising tensile
strength or ductility. Beyond this point, the mechanical
performance  diminishes due to  microstructural
inhomogeneity and poor stress transfer efficiency. These
findings suggest that appropriate fibre loading and
processing control are essential to maximize mechanical
performance in natural fibre-based composites.

3.3. Fractography Analysis of Tensile Fracture Surfaces

Figure 2 presents Field Emission Scanning Electron
Microscope (FESEM) micrographs of the tensile fracture
surfaces of BC samples with varying OPF and PLA
compositions. The analysis reveals a generally well-
bonded interface between the OPF and PLA phases, with
minimal interfacial gaps, particularly in samples with
lower fibre content. This observation affirms the
effectiveness of maleic anhydride-grafted polypropylene
(MAPP) as a compatibilizer. MAPP promotes interfacial
adhesion through its amphiphilic character, which
enhances compatibility between the hydrophilic OPF and
the hydrophobic PLA matrix [39].

Figure 2. FESEM micrographs of tensile fracture surfaces of (a) CP-1, (b) CP-2, (c) CP-3, (d) CP-4, and (e) CP-5.
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Nevertheless, as OPF loading increases, the
micrographs reveal notable fibre agglomeration, especially
in BC-3 to BC-5 samples, as indicated by circled regions
in the micrographs. These agglomerated zones suggest
insufficient matrix content to adequately wet and distribute
the fibres. The resulting poor dispersion and inadequate
matrix infiltration hinder the formation of a continuous
interfacial bond, which compromises mechanical integrity.

Such morphological features correspond with the
mechanical data reported in Section 3.2. The presence of
agglomerates reduces the effective surface area for fibre—
matrix interaction, thereby limiting stress transfer
efficiency and contributing to the observed decline in
tensile strength at higher OPF loadings [37]. Moreover,
fibre-rich zones may promote void formation and act as
crack initiation sites, further impairing the load-bearing
capacity of the composite. These findings reinforce the
importance of optimizing fibre loading and dispersion to
achieve a balance between stiffness enhancement and
structural reliability in bio-composite systems.

3.4. Comparison of Sound Absorption Coefficient (SAC)
for BC and BC-MPP Samples

Figure 3 compares the Sound Absorption Coefficient
(SAC) of bio-composite (BC) samples with and without
Micro-Perforated Panels (MPP) at varying oil palm fibre
(OPF) compositions and a fixed 10mm air gap. A
significant enhancement in SAC is observed upon
integration of MPP, indicating its effectiveness in
improving the acoustic performance of BC materials. For
instance, at 20% OPF (BC-1), the SAC increased from 0.3
at 370 Hz (without MPP) to 1.00 at 1390 Hz (with MPP).
Similarly, BC-2 exhibited an increase from 0.35 at 645 Hz
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to 1.00 at 1530 Hz. Notable enhancements were also
recorded for BC-3 to BC-5, with peak SAC values
reaching ~0.99 across the mid-to-high frequency range.

The integration of MPP shifts the peak SAC to lower
frequency ranges and broadens the effective absorption
bandwidth. This effect is attributed to the resonant
absorption mechanism inherent to MPP structures, which
complements the viscous and thermal dissipation
mechanisms of porous OPF/PLA composites. These
findings are consistent with prior reports by Mosa et al.
[24] and Prasetiyo et al. [40], which demonstrated that
MPP can modify acoustic impedance and shift peak SAC
values toward lower frequencies.

Across all fibre loadings, the presence of MPP
enhanced SAC values, especially in the mid-frequency
range (1000-1600 Hz), thus extending the acoustic
absorption performance. However, it is also observed that
the degree of enhancement is influenced by fibre
composition. The 50% OPF composition (BC-4)
consistently exhibits the highest SAC, reaffirming its
optimal acoustic performance. Nevertheless, as discussed
in Section 3.2, increased OPF content compromises
mechanical integrity due to insufficient matrix availability
and increased void content, as also evidenced by FESEM
analysis.

The synergistic effect of MPP and air gaps further
enhances SAC performance. Air gaps facilitate multiple
reflections and extended wave paths, improving absorption
particularly at higher frequencies [41]. However, gains
become less pronounced beyond 20-30 mm air gap
configurations.

1.0
0.8
0.6

0.4

0.2

—_

0.0

800
Frequency(Hz)

1200 1600 2000

(d).

m— BC- 4 MPP
— BC-4

0.6
0.4
0.2
0.0
] 400 800 1200 1600 2000
Frequency(Hz)

Figure 3. Sound absorption coefficient (SAC) of Bio-Composite Sample measured BC and BC-MPP micro-perforated panel (MPP) with an
air gap of 10 mm for (a) BC-1, (b) BC-2, (c) BC-3, (d) BC-4, and (e) BC-5.
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The underlying mechanisms of SAC differ significantly
between porous composites and MPP. While porous layers
dissipate sound via viscous drag and thermal conduction,
MPPs function through resonance of trapped air masses
within micro-perforations, which are tunable through
geometric and material parameters [42]. The combination
of both mechanisms results in a broadened and enhanced
absorption profile. In contrast, BC samples without MPP
lack this resonance-based absorption, leading to higher
SAC peaks at relatively higher frequencies [43].

The integration of MPP with OPF/PLA bio-composites
substantially improves their acoustic performance,
enabling tunability of absorption characteristics through
modulation of fibre loading, MPP structure, and air gap
thickness. These enhancements, however, must be
balanced against mechanical limitations imposed by high
fibre loadings. Thus, a multi-parameter optimization
approach is essential to develop bio-composites with
superior sound absorption and adequate structural
durability for targeted acoustic applications.

3.5. Comparison Between Predicted and Measured Sound
Absorption Coefficients (SAC)

Table 5 presents a comparative analysis of the predicted
and experimentally measured Sound Absorption
Coefficient (SAC) values for bio-composite micro-
perforated panels (BC-MPP) samples BC-1 to BC-5, under
three different air gap configurations (10 mm, 20 mm, and
30 mm), across the frequency range of 50-2000 Hz. In all
cases, the measured SAC values exceed the predicted
results, and the resonance frequencies are consistently
shifted to lower frequencies as the air gap increases.

For the 10 mm air gap, sample BC-1 exhibited a
predicted SAC of 0.88 at 1630 Hz, while the measured
value reached 0.95 at 1400 Hz. Similar improvements were
observed for other samples: BC-2 (1.00 at 1530 Hz), BC-3
(0.99 at 1430 Hz), BC-4 (0.95 at 1443 Hz), and BC-5 (0.98
at 1400 Hz). The trend continued for the 20 mm air gap,
where resonance frequencies further decreased. For
instance, BC-1 demonstrated a predicted SAC of 0.83 at
1140 Hz, while the measured SAC increased to 0.97 at
1021 Hz. Sample BC-5 reached a measured SAC of 0.99 at
970 Hz. For the 30 mm air gap, all samples recorded
resonance frequencies below 900 Hz, with BC-5 attaining
0.99 at 800 Hz.

Table 5. Comparison of predicted and measured SAC of BC-MPP.
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The consistently higher measured SAC values
compared to predictions can be attributed to several
factors. First, slight variations in mounting conditions and
the alignment of samples within the impedance tube could
introduce errors not accounted for in the theoretical model
[44]. Second, eigenmode vibrations arising from the mass-
spring behaviour of the MPP may enhance energy
dissipation, thereby increasing the actual SAC values [45].
These vibrations, coupled with structural damping effects
from the natural fibre composite, may explain the broader
and more effective sound absorption range observed
experimentally.

Moreover, the resonance frequency shift with
increasing air gap distance confirms the theoretical
expectation that larger air cavities facilitate improved low-
frequency absorption by extending the effective
wavelength of interacting sound waves. This phenomenon
supports the practical application of air gap tuning to target
specific frequency ranges.

The experimental results validate the strong acoustic
performance of BC-MPP configurations, with SAC values
consistently exceeding 0.90 across a broad frequency
range. The findings highlight the importance of
considering real-world structural interactions and panel
dynamics when modeling acoustic materials. Future
models should integrate complex mechanical-acoustic
coupling effects to better reflect measured data and further
optimize bio-composite panel designs for targeted sound
absorption.

The measured SAC values exceeded the predicted
values across all air gap configurations, with percentage
differences ranging from 11% to 19% (Figure 4). The
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largest differences were observed at the 30mm air gap.
These differences are attributed to limitations in the
theoretical model, which assumes ideal boundary
conditions and uniform perforation geometry. In practise,
factors such as panel edge leakage, fabrication tolerances
and microphone placement introduce deviations from ideal
assumptions [46]. Additionally, structural damping and
complex acoustic interactions in deeper cavities may
enhance the measured absorption beyond the model’s
scope. These findings indicate that theoretical predictions
should be calibrated against experimental results,
particularly for broadband absorber designs and varying
air gaps [28, 46].

3.6. Comparison of BC-MPP at Different Air Gaps and
OPF Composition Percentages

Figure 5 illustrates the measured Sound Absorption
Coefficient (SAC) of bio-composite micro-perforated
panels (BC-MPP) with varying oil palm fibre (OPF),
polylactic acid (PLA), and compatibilizer compositions
across three air gap conditions: 10 mm, 20 mm, and
30 mm. At a 10 mm air gap, SAC values for all samples
exceed 0.9, with BC-2 attaining a maximum SAC of 1.00
at 1530 Hz. The difference in SAC between samples is
minimal (<0.02), and resonance frequencies remain within
a narrow range of 1400-1530 Hz, attributed to the uniform
acoustic mass across samples. This observation aligns with
the resonant absorber behaviour described by Bojkovié¢ et
al. [47], wherein MPPs reduce the natural frequency
through added mass and damping.

19.2%

Figure 4. Shows the measured and predicted SAC across air gaps.
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Figure 5. Shows the measured SAC of BC-MPP for all samples with the air gap of (a) 10 mm (b) 20 mm and (c) 30 mm.

Increasing the air gap to 20 mm results in a shift of the
resonance frequencies to a lower range (973-1176 Hz),
with SAC values consistently above 0.9. Notably, BC-5
achieved the highest SAC of 0.99 at 970 Hz. Further
increasing the air gap to 30 mm lowers the resonance
frequencies to 800-867 Hz, again with SAC values
maintained around 0.9. BC-5 again demonstrated superior
performance with a peak SAC of 0.99 at 800 Hz. These
reductions in resonance frequency with increasing air gap
are attributed to reduced system stiffness, which allows the
sound waves to resonate at longer wavelengths [35], [48].

The inclusion of MPP introduces additional mass and
damping, altering the system’s acoustic impedance. This
mass-spring interaction causes a downward shift in
resonance frequency compared to non-MPP samples,
which lack this mechanism [24]. Perforations in MPP act
as resistive channels that increase air resistance and
contribute to mass loading effects, reinforcing their role as
resonant absorbers [47], [48].

Moreover, the combination of MPP with OPF-based
bio-composites offers a stable and tunable acoustic profile.
The downward shift in peak SAC frequencies with
increasing fibre loading and air gap suggests predictable
acoustic behavior, consistent with previous reports on
lignocellulosic fibres [49], [50]. Natural fibres such as
coconut and sugarcane have shown similar benefits in
previous studies, owing to their low density,
biodegradability, and micro-porous structure, which
promote low-frequency absorption [51], [52].

The findings demonstrate that through careful
adjustment of fibre content, MPP parameters, and air gap
size, the acoustic performance of BC-MPP materials can
be effectively optimized. This tunability enables targeted
absorption in the low- to mid-frequency ranges, making
BC-MPPs suitable for a variety of soundproofing and
noise reduction applications, particularly in
environmentally sustainable design contexts.

From a practical perspective, the increase in fibre
loading and air gap size enhances acoustic absorption but

also contributes to greater panel thickness and weight[53].
These factors must be balanced in real-world applications,
particularly where space and weight constraints exist, such
as in automotive interiors and building acoustics. The
optimal configuration observed in this study (30-50% OPF
with 20mm air gap) offers a good compromise between
sound absorption efficiency and material bulk. These
findings support the potential of OPF/PLA-based MPP
show high sound absorption, especially in the mid-
frequency range (1000-3000 Hz), which is important for
both building and automotive applications [53 - 54].
Increasing fiber content and air gap size enhances
absorption, but also increases panel thickness and weight,
requiring a balance for practical use.

4. Conclusion

This study aims to evaluate the acoustic and
mechanical performance of bio-composite micro-
perforated panels (BC-MPP) developed using oil palm
fibre (OPF), polylactic acid (PLA), and a compatibilizer.
The objective was to investigate the influence of OPF
composition, air gap thickness, and the integration of MPP
on sound absorption characteristics and structural
performance. Main findings are as follows:

e Maximum SAC without MPP reached 0.96 for 50%
OPF (BC-4), with resonance frequencies between 500—
600 Hz.

o Integration of MPP significantly increased SAC values,
achieving a peak of 1.00 for BC-MPP 5 at 1530 Hz
(10 mm air gap), and maintaining high SAC across
20 mm and 30 mm air gaps.

e Resonance frequency consistently shifted lower with
increased air gap and MPP presence.

e Mechanical testing indicated reduced tensile strength at
higher fibre loadings due to fibre agglomeration and
poor matrix wetting.

This study demonstrates the potential of BC-MPPs for
sustainable noise control applications. Future work should
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explore dynamic damping behavior and implementation in
large-scale industrial systems.
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