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1. INTRODUCTION 

The search for sustainable alternatives to synthetic 
materials has increased significantly in recent years due 
to environmental concerns and the need for effective 
noise-control solutions. Natural fibers have emerged as 
a promising solution that offers acoustic effectiveness 
and environmental friendliness. Unlike synthetic mate-
rials, such as glass wool or mineral fibers, natural fibers 
are often derived from agricultural byproducts, which 
decreases their ecological impact. 

Studies have investigated various natural fibers for 
their sound-absorption properties and have demonstrated 

their versatility and effectiveness (Jang, 2023). For ins-
tance, tealeaf fiber, a byproduct of tea processing, was 
studied for its acoustic absorption capabilities (António 
et al., 2018; Ersoy and Küçük, 2009). Studies have 
examined the dry leaves of Dendropanax morbiferus 
and Fatsia japonica and revealed that their size and 
thickness affect their sound-absorption performance 
(Jung et al., 2021). Corn husk has demonstrated impre-
ssive sound-absorption properties, particularly for low- 
frequency sounds, which is due to its multi-layered 
structure (da Silva et al., 2019; Tang et al., 2018). 

Pineapple leaf fibers show comparable performance 
to polyurethane foam in acoustic tests (Putra et al., 
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2018). Peanut shells were found to match or exceed the 
absorption properties of materials like bamboo, sisal, 
jute, and wool (Jang, 2022a), and water hyacinth has 
shown improved performance with increased thickness 
and air-gap depth (Ullaprom et al., 2025). These findings 
align with established relationships between fiber cha-
racteristics (diameter, length, thickness, and density) and 
acoustic performance (Kalasee et al., 2025; Rusli et al., 
2019), where finer fibers consistently outperform coarser 
ones. 

Rice husk stands out among natural fibers as a par-
ticularly promising candidate for acoustic applications 
due to its high porosity, uniform and fine fiber structure, 
and high silica content, which enhances its durability 
and pest resistance (Chen et al., 2017; Glé et al., 2013; 
Lee et al., 2021; Massey and Hartley, 2009). These 
inherent properties can be improved further through 
treatments with fire retardants or chemical stabilization 
(Kenned et al., 2021; Sahayaraj et al., 2024), and they 
can be applied in composites, which demonstrate enhan-
ced sound absorption with higher husk content, as well 
as improved mechanical performance as the density is 
increased (Hwang and Oh, 2021; Marques et al., 2020; 
Wang et al., 2018). The sound absorption of ceramics 
can be enhanced by adding chaff particles, which were 
broken rice-husk fragments with dimensions of < 5 mm. 
This improvement peaks at 10–15 wt.% chaff loading 
before plateauing at higher concentrations (Hwang and 
Oh, 2024). 

In addition to its acoustic properties, rice husk offers 
environmental advantages, including low global-warming 
potential and minimal processing requirements (Buratti 
et al., 2018). Thailand is the world’s second-largest rice 
exporter and produces over 30 million tons of paddy 
annually, yielding approximately 6 million tons of rice 
husk (20% by volume; USDA Foreign Agricultural 
Service, 2024). Over 95% of this byproduct is currently 
used in low-value applications, such as fertilizer and 
animal feed, but its potential as a sustainable sound-ab-

sorbing material remains largely untapped, particularly 
in binder-free configurations that leverage its natural 
porosity. 

Key factors that influence sound absorption include 
porosity, flow resistivity, density, and tortuosity, which 
are interconnected. Studies have demonstrated varying 
relationships between density and the sound absorption 
coefficient (SAC). Generally, the SAC of wood increases 
with higher density (Sakamoto et al., 2011; Smardzewski 
et al., 2014), but cubes of Hinoki cypress wood achieve 
noise reduction through porosity (Jang, 2022c), while 
radiata pine-wood pellets achieve reduction through 
density (Jang, 2022b). The porous ring structure of 
Acanthopanax senticosus is responsible for its sound- 
absorption properties (Jang, 2022d). Natural-fiber com-
posite boards exhibit density-dependent SAC (Kalasee et 
al., 2023), whereas wood-textile composites with ecolo-
gical binders show reduced SAC at higher densities 
(Curtu et al., 2012). Fiber properties (Cao et al., 2018) 
and pore structure modification are critical properties for 
optimization of the performance. 

Rice-husk composites have been widely studied, but 
their sound-absorption capabilities in aggregated confi-
gurations have been unexplored. Therefore, we investi-
gated the sound-absorbing properties of unbounded 
rice-husk aggregates with a focus on the relationship 
between the average SAC (αavg), bulk density (ρ), and 
apparent porosity (φ). Two empirical models were 
developed to predict αavg from either ρ or φ. The 
findings could enhance our understanding of natural-fiber 
acoustics and support their sustainable application in 
noise-control applications.

2. MATERIALS and METHODS

2.1. Preparation of rice-husk samples

Rice husks were sourced from Pathum Thani 1 
aromatic rice (a variety of Thai jasmine rice), which was 



J. Korean Wood Sci. Technol. 2025, 53(6): 599-609

- 601 -

processed during the November 2023 harvest at a single 
mill in Nakhon Si Thammarat, Southern Thailand 
(8°25'N, 99°58'E). To ensure material consistency, the 
husks were stored in breathable polypropylene containers 
at 25℃ and 30 ± 5% relative humidity before processing. 
We implemented strict quality control by discarding wet 
or excessively moist husks, sieving out fine particulate 
matter (< 1-mm mesh size), and removing visibly 
damaged or contaminated husks. The remaining husks 
were of mixed size ranging from 1 to 10 mm. 

Rice husk is the robust outer layer that protects rice 
grains and are typically removed during milling after the 
rice paddy has been dried. Drying can be done either 
under sunlight or in a temperature-controlled oven to 
reduce the moisture content to 14%, as recommended by 
the Division of Rice Research and Development of 
Thailand. The rice-husk samples were processed using 
the sun-drying method for this study. They were later 
reheated in a temperature-regulated oven at 50℃ for 30 
minutes to ensure the elimination of any remaining 
moisture content. The samples were then allowed to 
cool to room temperature (25℃) and left for one week 
to reach equilibrium before measuring their moisture 
content, which was determined to be 12%. 

Fig. 1(a) and (b) show an image of a rice-husk 
sample and an optical image at 10 × magnification. The 
anatomy of a husk can also be seen in Fig. 1(a). A rice 
husk is a hierarchical assembly of hollow fibers that 
contain cellulose, hemicellulose, and lignin, as well as 
potential pectin content and substantial quantities of 
silica (Chen et al., 2017). We divided the samples into 
two groups. The first group consisted of five different 
densities with three samples for each density, which 
were used to determine the SAC. The second group was 
used to validate the resulting models and comprised 
three samples of varying densities: medium, near-low, 
and high.

The husk aggregates were used to fill cylindrical 
sample housings, which were made from metal mesh 

(mesh size: 1.78 × 2.12 mm2) and wrapped with thin 
plastic film to contain the husks. The housings had one 
of two diameters, 29.5 and 59.5 mm, and a uniform 
length of 50.0 mm, as shown in Fig. 2. The samples 
were compressed using a piston at pressures ranging 
from 0 to 54 kPa to achieve specific target densities of 
182.9, 219.6, 256.2, 292.8, and 329.4 kg/m3. The 
metal-wire casing maintained a constant diameter and 
prevented the rice husks from clumping with low den-
sity. We applied even pressure to minimize the risk of 
uneven distribution due to gravity. 

2.2. Apparent porosity

The apparent porosity is an important property that 
affects the acoustic absorption of a material (Attenborough, 
1982). Numerous theoretical models include porosity as 
a fundamental parameter for predicting the sound absorp-
tion of materials (Champoux and Allard, 1991; Johnson 

Fig. 1. Anatomical structure of a rice husk. (a) 
Identified parts of a rice husk, including a bristle- 
like structure at the top and a short stem at the 
bottom, which correspond to the lemma and palea, 
respectively. (b) An optical image of aggregated rice 
husks depicting the intricate texture.



Sorasak DANWORAPHONG⋅Thammarong EADKHONG

- 602 -

et al., 1987; Oliva and Hongisto, 2013). The apparent 
porosity of a material is defined as the ratio of the 
apparent pore volume to the total bulk volume (Jock et 
al., 2013), given by

  


 

   (1)

Here, φ, Vp, Vt, and Vs denote the apparent porosity, 
pore volume, bulk volume, and solid volume, respec-
tively. To determine the porosity of the samples, it is 
necessary to calculate the pore volume, which is the 
difference between the bulk and solid volumes. The bulk 
volume was evaluated by physical measurement using a 
vernier caliper, while the solid volume was determined 
using an air pycnometer (Eadkhong and Danworaphong, 
2021). 

The pycnometer consists of a sample chamber 
(sample) and a reference chamber (ref) that are con-
nected by a valve. The initial volume ratio, τ, is defined 
as the ratio of the reference chamber volume (Vref) to the 

sample chamber volume (Vsample). The reference chamber 
is maintained at 15 kPa with the connecting valve 
closed, whereas the sample chamber is initially open to 
the surroundings. A sample is placed in the sample 
chamber, which is then sealed with a lid. Once the valve 
is opened, the pressure in the system decreases in 
accordance with the solid volume of the sample. The 
final pressure is recorded and used to find Vs using τ.

2.3. Assessment of sound absorption 
coefficient (ASTM E1050)

The experimental setup is illustrated in Fig. 3. The 
SAC of rice husks with different densities was measured 
using an impedance tube (model SW466, BSWA, 
Beijing, China). The tube had a diameter (d) of 60 mm, 
which corresponds to a working frequency range of 400 
to 2,500 Hz. Another tube with a diameter of 30 mm 
was used for frequencies of 2,500 to 6,000 Hz.

Before measurements, the microphones were calibra-
ted using a CA115 sound calibrator (BSWA) to produce 
a sound pressure level of 114 dB at 1 kHz. Measure-
ments were then conducted in accordance with the 
ASTM E1050 standard (ASTM, 2019). The microphones 
(Mic1 and Mic2) were positioned 45.0 mm apart (S), 
and the distance (L) between Mic2 and the sample was 
set to 40.0 mm. Estimation was done using a transfer- 
function technique, and the sound pressures p1 and p2 
were measured at two locations. The ratio p2/p1 was 
considered as a transfer function H12 (Chu, 1986). The 
function was used in Equation (2) to obtain the 
reflection coefficient R:


  


  

   (2)

Where i is  , and k is the wave number (m−1). 
Finally, the SAC is determined by the following (Chung 
and Blaser, 1980):

Fig. 2. Husk-filled housings of different diameters 
(29.5 mm and 59.5 mm) for high- and low-frequency 
measurements, respectively. Their thickness was kept 
constant at 50.0 mm.
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 , (3)

Where  is the square of the absolute value of the 
reflection coefficient R.

3. RESULTS and DISCUSSION

The porosity of each sample was determined using a 
volume ratio (τ) of 0.55. Table 1 shows the rice-husk 
samples’ measured solid volumes porosities average 
SAC (αavg), and tortuosity. αavg was calculated at four 
frequencies of 500, 1,000, 2,000, and 4,000 Hz, and the 
tortuosity was estimated for an isotropic granular mate-
rial using the model proposed by Plessis and Masliyah 
(1991).

Fig. 4(a–e) display the SACs of rice husks with 
various densities obtained from the impedance tube. The 
SAC of the housing is represented by a line with circles, 
while that of rice husks is shown as a solid line. The 
SAC shows sinusoidal characteristics with respect to 
the frequency for low-density samples, as shown in 
Fig. 4(a–c). The sinusoidal behavior of the absorption is 
a result of interference between the incident and reflec-
ted waves in the impedance tube. 

The packing of rice husk aggregates refers to the 
arrangement and density of the husks, which influence 
their porosity and tortuosity, which in turn affect the 
sound absorption. For most isotropic granular materials, 
the density and tortuosity increase together, and at 
longer wavelengths, low-frequency sound waves pene-

Fig. 3. Experimental setup of the impedance tube measurement system. (a) A diagram of the impedance tube 
system and (b) photograph of the actual system.

Table 1. Physical and acoustic characteristics of husk aggregate samples 

Density 
(kg/m3)

Solid volume
(cm3)

Porosity
(φ) αavg

Tortuosity

    

 
182.9 ± 0.6 16.3 ± 0.1 0.88 0.72 1.16

219.6 ± 0.1 19.5 ± 0.2 0.85 0.78 1.18

256.2 ± 0.5 22.8 ± 0.2 0.83 0.81 1.20

292.8 ± 0.6 26.1 ± 0.2 0.80 0.80 1.22

329.4 ± 0.7 29.3 ± 0.2 0.78 0.74 1.23



Sorasak DANWORAPHONG⋅Thammarong EADKHONG

- 604 -

trate deeper and encounter more friction in the con-
voluted pathways of denser material. The greater friction 
dissipates more energy, which enhances the material’s 
ability to absorb low-frequency sound. This change is 
evident in Fig. 4(d) and (e), where the absorption peak 
shifts to a lower frequency due to the increased density. 
These properties significantly impact the material’s abil-
ity to absorb sound waves effectively. 

The absorption coefficient of the rice husks remained 
high (around 0.8), regardless of their densities, which 
was likely due to the interactions between air molecules 
and the complex surface structure of the husks, includ-
ing viscous losses and frictional effects. To support this 

hypothesis, we obtained scanning electron micrographs 
at magnifications of 500 × and 3,000 ×, as shown in 
Fig. 5(a) and (b). The husk surface showed pointy 
hill-like features that were distributed relatively uni-
formly. These features provided a larger surface area 
and contributed to the frictional loss of high-frequency 
sound energy.

Distributed pores were also observed, as shown in 
Fig. 5(b). The morphological heterogeneity allows for 
effective interaction across frequencies. Smaller pores 
enhance viscous losses at higher frequencies, while larger 
pores facilitate deeper wave penetration and energy dis-
sipation at lower frequencies. These observations align 

Fig. 4. SACs of rice-husk samples with different filling densities: (a) 182.9, (b) 219.6, (c) 256.2, (d) 292.8, 
and (e) 329.4 kg/m3. The solid lines represent the SACs of the samples, and lines with circles indicate those 
of the empty housing. The gray triangles indicate the dip frequencies and their corresponding SACs. SAC: 
sound absorption coefficient.
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with the high absorption observed in both low and high 
frequency bands.

As the density increased, the first peak in the SAC 
near the first absorption dip shifted towards lower fre-
quencies. As shown in Fig. 6, the frequency appeared to 
be linearly proportional to the density (R² = 0.99). This 
is represented by the equation, fdip = –7.1ρ + 3.3 kHz, 
which allows for prediction of where the dip will occur 
at specific densities. The three hexagons in the figure 
represent the absorption dips of the test data compared 
with the linear model (solid line). The results were in 
good agreement and had a maximum deviation of 

approximately 7%, which was observed at a density of 
366 kg/m3.

Fig. 7(a) and (b) illustrates the relationships of αavg 
with the apparent porosity and bulk density. These rela-
tionships were mathematically modeled with second- 
order polynomials αavg = –30.0φ2 + 50.9φ – 22.3 (R² = 
0.99) and αavg = –14.9 × 10–6ρ2 + 78.1 × 10–4ρ – 0.21 
(R² = 0.99). These equations make it possible to predict 
αavg of the rice husks from known values of the porosity 
(φ) or density (ρ). 

By setting the derivatives of both equations to zero, 
the maximum αavg value of 0.81 was found to occur at 
an apparent porosity of 0.83 and a bulk density of 261.0 
kg/m3, as indicated by the grey squares and arrows in 
Fig. 7(a) and (b). Below and above these values, αavg 
decreases. These findings are significant as they provide 
insights into how αavg of the rice husks varies with 
porosity and density, which are key factors in their 
acoustic properties. This predictive capability could help 
with the design and selection of materials for acoustic 
applications, which could improve sound-absorption per-
formance in various settings. Table 2 shows the αavg 
values that were manually extracted from graph images 
using PlotDigitizer and calculated by averaging based on 
the referenced literature. We compared the physical 
properties and αavg of rice husks with those of various 
natural fibers: coir, hemp, pineapple, and kapok. 
Although strong sound absorption was observed with all 
the other fibers listed, they require physical or chemical 
preprocessing to extract them from their host material. 

Fig. 5. Surface and cross-sectional morphology of rice husk under scanning electron microscope. (a) Micrograph 
of husk’s surface showing pointy hill-like features at 500 × magnification. (b) Micrograph of husk’s cross-section 
showing pores of different sizes at 3,000 × magnification.

Fig. 6. Plot of density versus the frequency of the 
dip (fdip) in sound absorption. The circles represent 
dip-frequency datapoints extracted from the corres-
ponding plot for a specific density in Fig. 5. The 
line was produced by fitting a linear model to the 
data. This fitted equation allows for the prediction of 
fdip if the density is known. The hexagons represent 
the test data used to verify the linear relation of fdip

and density.
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In the case of kapok, the seeds and hull fragments must 
be removed.

In contrast, rice husks typically do not require any 
additional processing after milling. If necessary, a 
simple half-hour treatment in an oven at 50℃ is suffi-
cient to reduce the moisture content. In addition to the 
desirable acoustic absorption coefficients in Table 2, rice 
husks offer several practical advantages compared to 
other natural fibers. Firstly, they are cost-effective, sus-
tainable, and abundant as an agricultural byproduct. 
Unlike fibers that may require dedicated cultivation, the 
global availability of rice husks as a waste product 
makes them inherently inexpensive and reduces their 

environmental burden.
Secondly, the simplicity of their processing is a major 

advantage compared to other natural fibers, which often 
require specific treatments before use. Finally, the high 
silica content provides a unique and inherent resistance 
to pests and decay that enhances the material’s durability 
and lifespan. When considering the complete cycle, these 
benefits make them a convenient and advantageous 
choice among natural fibers.

4. CONCLUSIONS

This study has explored the sound-absorption charac-

Fig. 7. Average sound absorption coefficient (αavg) versus (a) apparent porosity (φ) and (b) bulk density (ρ). 
The lines represent the fitting results obtained using quadratic models, while the circles show the αavg data. 
Hexagons denote the results from model test data (i.e., 200.0, 262.0, and 366.0 kg/m3 for density and 
corresponding porosity of 0.87, 0.83, and 0.76).

Table 2. Physical properties and αavg of various natural fibers reported in the literature

Fiber Thickness
(mm)

Porosity
(φ)

Bulk density
(10 kg/m3)

Fiber diameter
(μm) αavg

Coir
(Taban et al., 2019) 45 0.76 13.0 263 0.72

Hemp
(Santoni et al., 2019) 50 N/A 70.0 18.4 0.84

Pineapple
(Putra et al., 2018) 50 N/A 11.7 N/A 0.86

Kapok
(Xiang et al., 2013) 60 0.88 42.0 15–23 0.78

Rice husk 50.0 0.78–0.88 18.3–23.2 3.8–5.0 0.81
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teristics of binder-free aggregate rice husk and evaluated 
its potential as a sustainable material for noise reduc-
tion. Through impedance tube experiments, we deter-
mined the SAC of rice-husk samples at various densities 
and porosity, and the results highlight their effectiveness 
as sound-absorbing materials. The average SAC is 
quadratically related to the bulk density and apparent 
porosity, which provides valuable information for pre-
dicting and optimizing the acoustic performance. The 
results of the proposed models agree with the experi-
mental results, with maximum deviations of 7% for the 
fdip model, 1% for αavg versus porosity, and 5% for αavg 
versus density. 

The high average absorption coefficients observed 
across various densities underscore the potential of rice 
husks as eco-friendly sound-absorbing materials. Fur-
thermore, the simplicity of preparing them without binder 
offers practical advantages for easy application by non- 
experts using readily available local materials. This study 
highlights the potential of rice husks for reducing noise 
pollution and promoting sustainability in construction 
materials.
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