
 

  1 

 
 

Acoustic properties of eco-friendly Micro-Perforated Panel (MPP) incorporating 

animal fibers 

Ali Khavanin a, Mohammad Hosein Beheshtib*, Ali Safari Varyanic, 

Musli Nizam Bin Yahyad, Ali Alamie, Farahnaz Khajenasirif 

a full Professor, Department of Occupational Health Engineering, Faculty of Medical Sciences, Tarbiat Modares University, 

Tehran, Iran 
b Assistant Professor, Department of Occupational Health Engineering, School of Public Health; Social Determinants of 

Health Research Center, Gonabad University of Medical Sciences, Gonabad, Iran  

Corresponding author e-mail: beheshtihasan8@gmail.com 
c Associate Professor, Department of Occupational Health, School of Health, Qazvin University of Medical Sciences, Teh-

ran, Iran 
d full Professor, Faculty of Mechanical and Manufacturing Engineering, Tun Hussein Onn University of Malaysia (UTHM), 

Batu Pahat, Malaysia 
e Associate Professor, Department of Epidemiology and Biostatistics, School of Public Health; Social Determinants of 

Health Research Center, Gonabad University of Medical Sciences, Gonabad, Iran 
f Associate Professor, Department of Community Medicine, School of Medicine, Tehran University of Medical Sciences, 

Tehran, Iran 

 

Abstract 

Micro-perforated panels (MPPs) are innovative alternatives to traditional sound-absorbing materials, though 

they exhibit limitations in efficiency at high frequencies, rendering them unsuitable for interior wall finishes. 

Enhancing their performance involves incorporating porous materials into the air gap. Natural materials, like 

sheep, goat, and camel wool, are emerging as sustainable substitutes for synthetic sound insulators. This 

study assessed the sound absorption coefficients of wool-based insulating materials and analyzed MPPs 

backed by wool composites of varying thickness using an impedance tube per ISO 10534-2. The impact of 

pore shape, perforated plate thickness, and wool composites in the air gap were investigated. Results re-

vealed that camel wool demonstrated the highest sound absorption performance, achieving a maximum ab-

sorption coefficient of 0.95 at frequencies above 1000 Hz. The maximum sound absorption coefficient of 

MPPs generally occurs in the medium frequency range (800–1500 Hz), shifting to lower frequencies with 

increased panel thickness without altering the absorption bandwidth. Similarly, sugarcane fiber composites 

with varying thicknesses showed that a 1 cm-thick wool composite reached a peak SAC of 95% at 3500 Hz, 

shifting to lower frequencies as thickness increased. Importantly, the pore shape and porosity did not signifi-

cantly affect SAC, highlighting the limited impact of these factors. The incorporation of wool composites in 

the air gap notably enhanced SAC and broadened the absorption bandwidth, particularly at lower frequen-

cies. However, this enhancement came at the cost of reduced SAC at higher frequencies, making MPPs with 

wool composites unsuitable for managing sounds above 3000 Hz. Nonetheless, MPPs backed by wool com-

posites provide an environmentally responsible option for low-frequency sound management. Their reduced 

ecological footprint and improved acoustic performance at lower frequencies underscore their potential for 

sustainable acoustic solutions This study highlights the viability of integrating natural materials like wool 

into acoustic designs, achieving both superior sound absorption and sustainability. By focusing on lower-

frequency sound control, MPPs with natural backing materials emerge as a promising alternative in the field 

of eco-friendly acoustic engineering. 
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1. Introduction 

Micro-perforated panels (MPPs) are considered one of the most promising next-generation al-

ternatives to traditional porous materials. Over the past decade, they have gained considerable atten-

tion for their noise control applications in various fields, including construction.[1], building acous-

tics [2-3], aircraft [4], environmental settings [5], automobiles [6-7], electrical distribution trans-

formers [8], and even medical devices [9], this can be attributed to their durability, sensitivity, recy-

clability, flexible design, and high sound absorption characteristics [10]. Unlike traditional sound-

absorbent materials, MPPs do not emit powdered fibers and pose no adverse health effects. There-

fore, MPPs are considered the most promising green sound-absorbing material of the 21st century 

[11]. The theoretical foundation and design principles of MPPs were initially introduced by Maa in 

1975 [12]. An MPP consists of a thin film or panel, which can be made from materials such as plas-

tic or metal, featuring low thickness, sub-millimeter pores, and a porosity ratio of less than 1%. 

These panels are designed with an air gap and a rigid wall at the back  [13]. MPPs offer numerous 

advantages over traditional sound-absorbing materials and overcome many of the limitations asso-

ciated with both natural and artificial absorbers. Despite these benefits, MPPs are known to have a 

lower sound absorption coefficient at low frequencies [14]. Researchers have investigated the per-

formance of MPPs extensively [15-18]. Some studies have explored various strategies to enhance 

the sound absorption coefficient of MPPs. These include using MPPs backed by irregularly shaped 

cavities [19], employing multilayer sound absorbers with 3D-printed MPPs [18], and arranging 

elastic micro-perforated plates in parallel [20], Implementing MPPs according to the designs pro-

posed in these studies can be challenging and complex. Key issues include the manufacturing costs 

and the technological requirements associated with these designs. One of the simpler approaches to 

enhance the sound absorption of MPPs is to incorporate porous materials within their air gap [11]. 

Acoustic chamber absorbers are typically made from porous synthetic materials such as rock 

wool, glass wool, polyurethane, or polyester. These materials are costly to produce, mainly derived 

from petrochemicals, and have significant environmental impacts [21]. Recently, increasing envi-

ronmental awareness has driven a shift toward more eco-friendly materials. Natural materials offer 

several advantages, including low density, excellent mechanical properties, ease of production, high 

stability, minimal health effects, widespread availability, affordability, and minimal environmental 

impact. Additionally, incorporating natural materials in buildings can positively influence human 

health. Based on their microscopic structure, porous absorbent materials are classified into three 

groups: cellular, fibrous, and granular [22]. Generally, fibrous materials contain tunnel-like pores 

created by gaps within the fibres. Fibres are divided into two categories: synthetic and natural. Nat-

ural fibres can be plant-based (e.g., hemp, jute, wood), animal-based (e.g., wool, fur), or mineral-

based (e.g., asbestos). In contrast to synthetic absorbers, natural materials offer various advantages 

such as low density, excellent mechanical properties, ease of production, high stability, minimal 

health effects, wide availability, low cost, and reduced environmental impact. Additionally, using 

natural materials in buildings can positively affect human health .Natural materials help regulate 

indoor air humidity and their distinct scent can have a beneficial effect on human well-being. Ex-

perimental results from a straw bale house in Germany, where several important features were sys-

tematically measured, demonstrated positive outcomes for healthy living conditions. Organic mate-

rials are generally permeable to water vapour and can absorb moisture through air adsorption. 

Wool is a natural fiber sourced from animals like sheep, goats, and camels. It is renowned for 

its excellent insulation properties and low flammability [23]. Wool fibers are mainly sourced from 

Australia, New Zealand, China, the UK, South Africa, and parts of Europe and Asia. Short wool 

fibers, which are collected during shearing, are not suitable for clothing and are often discarded as 

waste. These fibers are also obtained from animals raised for meat production, known as waste 

wool. Wool fibers are widely available but often with little added value. Environmentally, wool 

requires less energy for use and disposal compared to other natural materials. Sheep wool is renew-
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able, recyclable, and eco-friendly, consisting of approximately 60% animal protein, 15% moisture, 

10% fat, 10% sweat, and 5% impurities [24]. The aim of this paper is to introduce a novel micro-

perforated panel that combines pore morphology, panel design, and animal wool composites to pro-

vide both sound and thermal insulation. The panels developed in this study offer effective insulation 

under various conditions. This absorber contributes to the development of green buildings by utiliz-

ing recyclable and biodegradable materials, and it helps reduce carbon emissions during the dispos-

al of the panels at the end of their lifecycle. 

2. METHOD 

2.1  Preparation of Wool Samples 

In this study, camel, goat, and sheep wool were collected from farms in eastern regions for 

producing natural acoustic insulation materials. The wool was manually cleaned to remove impuri-

ties, including natural substances like lanolin, sweat, and urine, as well as environmental contami-

nants such as dust, plant debris, straw, and dyes. Cleaning involved washing with water and soap, 

followed by carbonization and chlorination. During carbonization, the wool was treated with sul-

phuric and hydrochloric acids to convert impurities into charcoal through high-temperature hydrol-

ysis. The wool was then dried at 70–90°C and briefly exposed to 110°C to complete the removal of 

fats and cellulose. Neutralization with diluted ammonia ensured safety and stability. In the chlorina-

tion stage, sodium hypochlorite was used to reduce felting and shrinking properties, enhance sur-

face transparency, and improve dye absorption. The processed wool was prepared for testing with 

specialized equipment, such as pressing machines and impedance tubes, ensuring it met the required 

specifications for acoustic applications. 

2.2  Design and Fabrication of Single Leaf Micro-Perforated Panel 

These panels represent the most basic form of Micro-Perforated Panels (MPPs), consisting of 

a perforated plate with sub-millimetre pores and a thick rear wall, which creates an air gap between 

the perforated plate and the back wall. A schematic of single-leaf micro-perforated panel is shown 

below. 

  

 

Figure 1. Schematic of a single-leaf Micro-Perforated Panel 

Studies suggest that a 1% porosity ratio and 0.5 mm pore diameter are optimal for MPPs. 

Based on this, the panels in this study were designed with these parameters. Circular specimens of 3 

cm and 10 cm diameters were prepared for sound absorption tests using an impedance tube. The 

study investigated three variables: perforated plate thickness (2, 4, 6, 8, and 10 mm), pore shape 

(circular, triangular, and square), and air gap. A schematic of the fabricated samples is provided 

below. 
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Figure 2. Schematic of microporous plates made with circular, triangular and square pores 

The physical parameters of the perforated plate are detailed in Tables 1. 

Table 1. Physical parameters of perforated plate  

Sample 

group. 

Radius of perfo-

rated plate (mm) 

pore diameter 

(mm) 

Pore shape Thickness of perforated 

plate (mm) 

Perforation 

ratio (%)    

1 30 0.5 Circular triangular square 2, 4, 6, 8, 10 1 

2 100 0.5 Circular triangular  square 2, 4, 6, 8, 10 1 

2.3 Micro-perforated panels backed by porous absorbent 

This study examined the effect of incorporating wool waste composites (density: 150, thick-

ness: 1–5 cm) on the sound absorption performance of MPPs. The schematic of a single-leaf MPP 

with sound-absorbing material in the air gap is shown below. 

 

Figure 3. Schematic diagram of MPP with the sound-absorbing material (Wool) in the air gap 

2.4 Measurement of SAC using impedance tube 

The Sound Absorption Coefficient (SAC) was measured using an impedance tube device, ad-

hering to ISO 10534-2 standards. A 10 cm diameter tube was used for low frequencies (100-1600 

Hz), and a 3 cm diameter tube was used for high frequencies (1600-6300 Hz). The device compo-

nents and sample positioning are shown in the figure. 

 

Figure 4. Diagram of measuring the sound absorption coefficient of MPP containing wool in the air 

gap. 
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Experiments for the low, mid, and high-frequency bands were conducted separately, and the av-

erage Sound Absorption Coefficient (SAC) was calculated for each frequency range. 

3 Results 

3.1 sound absorption coefficient of wool 

The sound absorption coefficient analysis for 5 cm thick samples made from goat wool, sheep wool, 

and camel wool at different frequencies is shown in Figure …... 

 

Figure 5. Sound Absorption Coefficient of Sheep, Camel, and Goat Wool at 5 cm Thickness 

The study measured the sound absorption coefficients of animal fibers (goat, sheep, and camel 

wool) across frequencies from 63 to 6300 Hz. The results showed that the sound absorption of the 

samples increased with higher frequencies. The peak coefficients were 0.99 for goat wool at 5000-

6300 Hz, 1.00 for sheep wool at 2000 Hz, and 0.99 for camel wool at 5000 Hz. Camel wool had the 

highest absorption at frequencies below 500 Hz, while goat wool had the lowest at conversational 

frequencies. Above 2000 Hz, all three fibers exhibited similar absorption coefficients. 

3.2 sound absorption coefficient of MPP 

3.2.1 Effect of Panel Thickness 

Fig. 6 presents the effect of panel thickness on the SAC of MPP with the same cavity depth. 
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Figure 6. The sound absorption coefficient (SAC) for different panel thickness t with air cavity depth D=50 

mm 
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The study found that as the thickness of the micro-perforated panels (MPPs) increased, the 

peak frequency shifted to lower frequencies, while the absorption bandwidth remained unchanged. 

This is because the increased thickness raises the acoustic mass of the MPPs without affecting their 

resistance. The stiffness of the resonator system stays the same, causing the peak frequency to shift 

lower. The results also showed that Plexiglass MPPs exhibited two peaks in sound absorption, with 

the highest absorption occurring between 800 and 1500 Hz. As the thickness increased, the absorp-

tion coefficient also increased, particularly at higher frequencies, while significant changes at lower 

frequencies required a greater thickness increase. 

3.2.2 Effect of Pore Shape 

The results of the sound insulation analysis of the MPP with a perforated plate having circular, tri-

angular, and square-shaped holes are shown in Figure 9. 

 
Figure 7. Effect of Pore Shape on sound absorption coefficient (SAC) of MPP 

 

 

Figure 9 shows that the shape of the pores does not significantly affect the sound absorption 

coefficient (SAC), and porosity has no impact on the SAC. 

3.2.3 Effect of wool waste composite in air gap 

The normal sound absorption coefficient of the MPP backed by wool waste composite in dif-

ferent thicknesses was measured in an impedance tube in accordance with ISO 10354-2. The meas-

ured results are shown in fig 10. 

  

Figure 8. The effect of using camel wool (with a density of 75) in the air gap of microporous panels made of 

Plexiglas with a thickness of 10 mm 
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 (A) (B)  

(C) (D) 

(E) 

Figure 9. Result of the measured normal absorption coefficients of different thick MPP backed by wool waste compo-

site in different thicknesses. All wool waste composite is 150 density and composite thicknesses are:  A=2mm, B=4mm, 

C=6mm, D=8mm, E= 10m. 
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Fig. 11 shows that incorporating wool waste composite in the air gap shifts the peak frequency to 

lower values (3500 to 1500 Hz) as the panel thickness increases from 0 to 10 mm. However, this 

also leads to a decrease in the maximum absorption coefficient and absorption bandwidth. 

4. Discussion 

This study investigated the sound absorption coefficients of samples made from goat wool, 

sheep wool, and camel wool, measured across low (63-1600 Hz) and high (1600-6300 Hz) frequen-

cy ranges. The results showed that these natural fibers performed well, with goat wool achieving a 

peak SAC of 0.99 at 5000 and 6300 Hz, sheep wool at 2000 Hz (1.00), and camel wool at 5000 Hz 

(0.99). The absorption increased with frequency, demonstrating higher performance at mid to high 

frequencies. The combination of natural absorbers and Micro-Perforated Panels (MPPs) enhanced 

low-frequency absorption, with factors like material thickness, number of MPP layers, and choice 

of absorbers being key influences. Natural materials, unlike synthetic ones, offer advantages such as 

low cost, high availability, and reduced environmental impact. Previous studies have shown that 

wool can perform similarly to mineral wool and synthetic foams as sound absorbers. For MPPs, 

increasing thickness shifts the peak frequency to lower values, but it may reduce SAC at higher 

frequencies. For frequencies over 3000 Hz, MPPs are not recommended; instead, wool waste com-

posites should be used for better performance. The study concludes that for optimal sound absorp-

tion across different frequency ranges, the choice of material and panel thickness should be careful-

ly selected based on the desired SAC and bandwidth. 

Conclusion 

This study shows that Micro-Perforated Panels (MPPs) backed by wool composites perform well in 

absorbing low-frequency sounds (below 1000 Hz). The addition of wool enhances sound absorption 

at these frequencies, making wool-backed MPPs effective for controlling low-frequency noise. In-

creasing the thickness of the perforated plate shifts the peak absorption to lower frequencies. These 

panels are particularly useful in environments like recording studios and industrial settings where 

bass frequencies need to be controlled. Additionally, wool-backed MPPs offer an eco-friendly and 

sustainable acoustic solution, combining high performance with reduced environmental impact. 
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