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This study aimed to evaluate the sound absorption performance 
depending on surface finishing of the hardwood cross-section. The sound 
absorption performance of wood cross-sections was evaluated after band 
saw cutting, sandpaper polishing, and staining. The sound absorption 
performance was best following the band saw cutting and no other 
treatment. On the other hand, stain blocked the pores and decreased the 
sound absorption performance. This study suggests that finishing 
methods that preserve the integrity of vessels need to be considered when 
using wood as a sound-absorbing material. 
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INTRODUCTION 
 

In November of 2019, the coronavirus disease 2019 (COVID-19) was first reported 

in Wuhan, China (Haryanto 2020; Jang and Kang 2020), and it has subsequently affected 

many aspects of the worldwide economy. Foreign travel was restricted, and direct contact 

with people, including social gatherings, was reduced (Douglas et al. 2020; Haryanto 2020). 

As a consequence, room acoustics are becoming increasingly important as teleconferencing 

usage in offices increases (Lee and Kumar 2021). Therefore, interest in sound absorption 

of rooms is increasing (Hara and Shimizu 2022). 

Most commercial sound-absorbing materials are made from synthetic fibers 

(Samsudin et al. 2016). However, these materials can cause environmental problems 

during production or disposal. Synthetic fibers are prone to break down into microplastics, 

which can pose a threat to marine life and humans who consume them (Almroth et al. 

2018). Thus, research of sound absorption solutions using eco-friendly (green) materials is 

active (Bhingare et al. 2019; Yang et al. 2020; Gliscinska et al. 2021). Most green sound-

absorbing materials are fibrous materials produced as agricultural by-products (Bhingare 

et al. 2019; Yang et al. 2020; Gliscinska et al. 2021). Some of these materials have been 

reported to have sound absorption performance as good as that of commercial synthetic 

fibers (Lim et al. 2018; Putra et al. 2018), However, natural fibers are less durable than 

synthetic fibers and they are difficult to commercialize.  

Among eco-friendly materials, it is difficult to find one that is as durable as wood. 

The specific strength of wood is higher than that of iron and it can be used semi-

permanently if preserved properly. The study of wood structures hundreds of years old 
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have demonstrated wood’s durability (Høibø et al. 2015). Accordingly, research on the use 

of wood cross-sections as an eco-friendly sound-absorbing material has increased. 

Tangential and radial wood sections have sound reflecting properties. Because there are 

few pores in tangential and radial wood sections, it is difficult for sound waves to penetrate 

inside. However, cross-sections can absorb sound due to their pores (Wassilieff 1996). 

When a sound wave enters the pores associated with vessels or fibers in the wood cross-

section, the internal friction between the sound wave and the pore increases and attenuates 

the sound energy (Wang et al. 2017). In particular, hardwood cross-sections have excellent 

permeability due to their vessels (Taghiyari 2013).  

Excellent permeability permits excellent sound absorption performance (Kang et 

al. 2011; Taghiyari et al. 2014; Kang et al. 2020). Therefore, Kang et al. (2011) suggested 

that the cross-section of Liriodendron tulipifera, which has relatively large and widely 

distributed vessels, can be used as porous sound-absorbing material. In the porosity 

analysis of wood cross-section, Jang et al. (2020) reported that the pore shape with the 

greatest influence on the longitudinal permeability of wood is the through-pore porosity. 

Therefore, Jang and Kang (2021a,b,c) reported that the through-pore porosity of hardwood 

cross-sections is an important determinant of the sound absorption performance. 

Accordingly, various physicochemical wood modifications such as steam explosion, 

microwave treatment, heat treatment, and delignification have been studied to improve the 

pore structure of wood to increase permeability and further improve through-pore porosity 

(Kang et al. 2008; Wang et al. 2014; Chung et al. 2017; Kang et al. 2021; Kolya and Kang 

2021). 

Most wood products are polished during the final stages of production (Papp and 

Csiha 2017). In addition, they may be subjected to stain treatment to increase their 

durability. However, it was difficult to find a study dealing with how these surface finishing 

methods affected the sound absorption performance of wood. Therefore, the effect of 

surface finishing methods on the sound absorption performance was investigated in this 

study. 

 

 

MATERIALS AND METHODS 
 

Specimen Preparation 
Figure 1 shows the sample preparation for this study. Indonesian Homalium 

foetidum and Quercus rubra timber were prepared. Timbers were machined into cylindrical 

rods with a diameter of 29 mm by lathes. The rods were cut to 10-mm-thick cylindrical 

samples using a band saw. The 20 samples with no cracks and no knots for each species 

were selected and divided into two groups of 10 each. The sample production was 

performed by Saehan Timber Co., Ltd (Ilsan, South Korea). Samples were stored in a 

laboratory at a temperature of 20 °C and humidity of 45% for one month. Their moisture 

content was approximately 7%. 

 

Finishing Method and Measurement of Sound Absorption Coefficient  
One group of samples was subjected to a sandpaper treatment (Group 1), while the 

other group of samples was subjected to a staining treatment (Group 2). The sound 

absorption coefficients of the Group 1 samples were measured using an impedance tube 

(Type 4206; Brüel & Kjær, Nærum, Denmark) based on the ISO standard 10534-2 (2001). 
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The samples were polished with 150-grit sandpaper. The polishing time per sample was 

approximately 10 s, after which the sound absorption coefficient was measured again. The 

sound absorption coefficient was also measured for the Group 2 samples. The wood stain 

was applied to the samples three times, and they were air-dried for approximately 24 h 

before re-measuring the sound absorption coefficient. The wood stain was a water-based 

transparent color with acrylic resin as the main component and was supplied by KCC 

Corporation (Seoul, South Korea).  

  
Fig. 1. Sample preparation of the  H. foetidum and Quercus rubra  timber 

 

The sound absorption coefficients of all the samples were measured with and 

without an air back cavity of 3 cm. The sound absorption curves were obtained at the 50-

6,400 Hz frequency band. In addition, the noise reduction coefficient (NRC) was measured 

as the average sound absorption coefficient at various frequencies (250, 500, 1,000, and 

2,000 Hz). To close the gap between the sample and the inner wall of the impedance tube, 

an O-ring was placed in front of the sample (Kang et al. 2021). When an air back cavity 

was applied, O-rings were placed at the front and back sides of the sample. 

 

Scanning Electron Microscope Image Analysis 
A scanning electron microscope (SEM) (Genesis-1000; EmCrafts, Sungnam, South 

Korea) was used to observe the change in vessels according to finishing method for the 

cross-sections of the H. foetidum and Korean Quercus rubra. To observe the original shape 

of the vessels of these species, they were softened with water, gently shaved on the surface 

with a microtome, dried (80 C, 5 h), and coated with gold. The specimen vessels were 

then observed. Next, a sample cut with a band saw, a sample polished with sandpaper, and 

a sample stained after being cut with a band saw were all observed. All the samples were 

observed at 200× magnification under the high vacuum mode. 
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RESULTS AND DISCUSSION 
 
SEM Images Depending on the Finishing Method 

Figure 2 shows the cross-sectional SEM images depending on the finishing method. 

Based on the samples cut with a microtome, the H. foetidum was categorized as a diffuse-

porous wood with abundant and widely distributed vessels. On the other hand, the Quercus 

rubra was observed in the form of a ring-porous wood with large-diameter vessels 

distributed along the springwood. The vessels were relatively intact and small pores were 

observed. 

In the samples cut with a band saw, the vessels were damaged slightly compared to 

the samples cut with a microtome. In addition, the samples polished with the sandpaper 

showed greater vessel damage than samples cut with a band saw. In the Quercus rubra, the 

vessel damage after the sanding was not more severe than that in the H. foetidum. This was 

probably because the vessels of the Quercus rubra were much larger than those of the H. 

foetidum. Finally, in the stained sample, the wood stain blocked the vessels and disrupted 

their integrity. The degree of damage to the vessels was, from least to greatest, as follows: 

microtome, band saw, sandpaper, and staining. 

 

 
 

Fig. 2(a). SEM images of the H. foetidum  

 

 

(a) 
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Fig. 2(b). SEM images of the Quercus rubra  

 
Sound Absorption Coefficient Depending on the Finishing Method 

Figure 3 shows the sound absorption coefficient curve by finishing method with an 

air back cavity (Fig. 3a: H. foetidum and Fig. 3b: Quercus rubra). When no air back cavity 

was applied, the sound absorption coefficient tended to increase as the frequency increased 

in the H. foetidum and Quercus rubra. This was a typical sound absorption pattern in 

porous materials. 

However, when an air back cavity was applied, the sound absorption patterns of the 

two species were different. The H. foetidum had a higher sound absorption coefficient 

within the low frequency region that continued to the higher frequency region. However, 

in the Quercus rubra, a high peak sound absorption coefficient was observed at low 

frequency, and the sound absorption coefficient gradually decreased at higher frequencies. 

This was because the combination of the large vessels in the Quercus rubra and the air 

back cavity caused resonance. In conclusion, the cross-section of the H. foetidum to which 

an air back cavity was applied showed porous sound-absorbing properties, while that of 

Quercus rubra showed resonance sound-absorbing properties.  

The sound absorption coefficient above the 1000 Hz frequency band of H. foetidum 

finished with sandpaper or staining was lower than that cut with a band saw. Because 

sanding and staining block the vessels of the cross-section, there is less space for sound 

waves to penetrate. On the other hand, in Quercus rubra, the sound absorption performance 

of band saw cut and sandpaper finished wood did not seem to differ significantly. The 

sound absorption performance of stain finish in the above 4500 Hz high-frequency range 

was lower than that of band saw cut wood because of the lower vessel damage caused by 

finishing treatment in Quercus rubra than in H. foetidum. 

(b) 



  

PEER-REVIEWED ARTICLE  bioresources.com 

 

 

Jang & Kang (2022). “Sound absorption by hardwood,” BioResources 17(2), 2874-2883.  2879 

 

 

 
 

 

 
 

Fig. 3. Sound absorption coefficient curve by finishing method with an air back cavity; 

 (a): H. foetidum, (b): Quercus rubra. Dotted lines are standard deviations 

 

Table 1 shows the NRC value depending on the finishing method with an air back 

cavity. The NRC of the sandpaper-treated samples of H. foetidum was reduced by 

approximately 9.2% compared to that of the wood cut with a band saw (t = 4.169, p < 0.001, 

paired T-test). When an air cavity was applied, the NRC was reduced by 35.2% (t = 13.680, 

(a) 

(b) 
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p < 0.001) because the vessels were damaged and blocked by the sandpaper residue. In the 

stain-treated sample, the sound absorption coefficient decreased further. The NRC of the 

stain-treated samples was reduced by approximately 14.7% compared to that of the wood 

cut with a band saw (t = 2.289, p < 0.05). When a 3 cm air cavity was applied, the NRC 

was reduced by 44.5% (t = 7.789, p < 0.001) because the sound absorption was disturbed 

by the wood stain blocking the vessels. In the Quercus rubra, the change in the sound 

absorption coefficient of the sandpaper-treated sample was not significant, and there was 

no statistical difference in the NRC (t = 1.311, p = 0.222). In the sample to which a 3 cm 

air cavity was applied, the NRC decreased by approximately 3% (t = 3.461, p < 0.05). 

This was presumed to be because the change due to the damage was relatively small 

because the Quercus rubra possesses relatively larger vessels than the H. foetidum. In the 

stain-treated samples without an air cavity, the difference in the sound absorption 

performance was not significant, and there was no statistical difference in the NRC (t = 

−1.801, p = 0.105). It seemed that the large vessels without an air back cavity did little to 

absorb sound. However, when the air cavity was applied, the sound absorption peak at low 

frequency was lower than that of the untreated sample. The NRC was reduced by 

approximately 31.2% compared to that of the band saw-cut sample (t = 9.144, p < 0.001). 

This was presumably because the hole for resonance had become smaller. 

 

Table 1. NRC and Sound Absorption Coefficients Depending on the Finishing 
Method with an Air Back Cavity (SD is standard deviation) 

Surface Treatment 
Air Back 
Cavity 

H. foetidum Quercus rubra  

Band saw 

n/a 

0.141 0.089 

SD 0.011 0.008 

Band saw + sandpaper 0.128 0.093 

SD 0.008 0.010 

Band saw 

3 cm 

0.307 0.394 

SD 0.021 0.051 

Band saw + sandpaper 0.199 0.383 

SD 0.019 0.048 

Band saw 

n/a 

0.143 0.091 

SD 0.007 0.009 

Band saw + staining 0.122 0.093 

SD 0.025 0.007 

Band saw 

3 cm 

0.283 0.404 

SD 0.022 0.025 

Band saw + staining 0.157 0.278 

SD 0.046 0.030 

 

Consequently, in the ring-porous wood with relatively large vessels, the 

degradation in sound absorption performance due to sandpaper treatment was relatively 

low. However, the use of sandpaper on the diffuse-porous wood cross-sections led to the 

deterioration of the sound absorption performance. Therefore, when manufacturing a 

diffuse-porous wood cross-section block for production of an eco-friendly sound-

absorbing material, it is necessary to devise a cutting method that does not damage vessels 

and to develop a wood stain that does not block vessels. If these limitations can be 

overcome, hardwood cross-sections will be valuable materials as eco-friendly sound-

absorbing materials. 
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CONCLUSIONS 

1. Diffuse-porous H. foetidum wood acted as a porous sound absorber, and ring-porous

Quercus rubra acted as a resonance absorber.

2. Staining showed the greatest decrease in the sound absorption performance, followed

by sanding and band saw cutting.

ACKNOWLEDGEMENTS 

The authors would like to thank Ki-Pyeong Lee, President of Saehan Timber Co., 

Ltd for producing and providing the Indonesian H. foetidum and Korean Quercus rubra 

that was used for this study. This research was supported by a grant from the Basic Science 

Research Program of the National Research Foundation of Korea (NRF), funded by the 

Ministry of Education (NRF-2019R1I1A3A02059471). It was also supported by a grant 

from the international cooperation program framework managed by the NRF (NRF-

2020K2A9A2A08000181). Authors are also thankful to the “The Business Startup 

Incubator Support Program” supported by the Ministry of Education and National Research 

Foundation of Korea. 

AUTHORS’ CONTRIBUTIONS 

Eun-Suk Jang is the first author of this study. He designed the study, conducted 

all experiments, and was a major contributor in the original writing, reviewing, and 

editing of the manuscript. Chun-Won Kang is the corresponding author, he was the 

supervisor of this project and contributed by reviewing and editing. All authors read and 

approved the final manuscript. 

REFERENCES CITED 

Almroth, B. M. C., Åström, L., Roslund, S., Petersson, H., Johansson, M., and Persson, 

N. K. (2018). “Quantifying shedding of synthetic fibers from textiles; a source of 

microplastics released into the environment,” Environmental Science and Pollution 

Research 25(2), 1191-1199. DOI: 10.1007/s11356-017-0528-7 

Bhingare, N. H., Prakash, S., and Jatti, V. S. (2019). “A review on natural and waste 

material composite as acoustic material,” Polymer Testing 80, article no. 106142. 

DOI: 10.1016/j.polymertesting.2019.106142 

Chung, H., Park, Y., Yang, S.-Y., Kim, H., Han, Y., Chang, Y.-S., and Yeo, H. (2017). 

“Effect of heat treatment temperature and time on sound absorption coefficient of 

Larix kaempferi wood,” Journal of Wood Science 63(6), 575-579. DOI: 

10.1007/s10086-017-1662-z 

Douglas, M., Katikireddi, S. V., Taulbut, M., McKee, M., and McCartney, G. (2020). 

“Mitigating the wider health effects of covid-19 pandemic response,” BMJ 

369(m1557), 1-6. DOI: 10.1136/bmj.m1557 

Gliscinska, E., de Amezaga, J. P., Michalak, M., and Krucinska, I. (2021). “Green sound-



PEER-REVIEWED ARTICLE bioresources.com

Jang & Kang (2022). “Sound absorption by hardwood,” BioResources 17(2), 2874-2883.  2882 

absorbing composite materials of various structure and profiling,” Coatings 11(4), 

407. DOI: 10.3390/coatings11040407

Hara, R., and Shimizu, T. (2022). “The effect of room sound absorption on a 

teleconference system and the differences in subjective assessments between elderly 

and young people,” Applied Acoustics 179, article no. 108050. DOI: 

10.1016/j.apacoust.2021.108050 

Haryanto, T. (2020). “COVID-19 pandemic and international tourism demand,” JDE 

(Journal of Developing Economies) 5(1), 1-5. DOI:10.20473/jde.v5i1.19767 

Høibø, O., Hansen, E., and Nybakk, E. (2015). “Building material preferences with a 

focus on wood in urban housing: Durability and environmental impacts,” Canadian 

Journal of Forest Research 45(11), 1617-1627. DOI: 10.1139/cjfr-2015-0123 

ISO 10534-2. (2001). “Acoustics - Determination of sound absorption coefficient and 

impedance in impedance tubes - Part 2: Transfer-function method,” International 

Organization for Standardization, Geneva, Switzerland. 

Jang, E.-S., and Kang, C.-W. (2020). “Do face masks become worthless after only one 

use in the COVID-19 pandemic?,” Infection & Chemotherapy 52(4), 583-591. DOI: 

10.3947/ic.2020.52.4.583 

Jang, E.-S., Yuk, J.-H., and Kang, C.-W. (2020). “An experimental study on change of 

gas permeability depending on pore structures in three species (hinoki, Douglas fir, 

and hemlock) of softwood,” Journal of Wood Science 66(78), 1-12. DOI: 

10.1186/s10086-020-01925-9 

Jang, E.-S., and Kang, C.-W. (2021a). “How do the pore traits of hardwoods affect sound 

absorption performance of their cross sections? – focus on 6 species of Korean 

hardwoods,” Wood and fiber science 53(4), 260-272. DOI: 10.22382/wfs-2021-26 

Jang, E.-S., and Kang, C.-W. (2021b). “Sound absorption characteristics of three species 

(binuang, balsa and paulownia) of low density hardwood,” Holzforschung  75(12), 

1115-1124. DOI: 10.1515/hf-2021-0049 

Jang, E.-S., and Kang, C.-W. (2021c). “The pore structure and sound absorption 

capabilities of Homalium (Homalium foetidum) and Jelutong (Dyera costulata),” 

Wood Science and Technology [in press]. DOI: 10.1007/s00226-021-01336-z 

Kang, C.-W., Jang, E.-S., Jang, S.-S., Hasegawa, M., and Matsumura, J. (2020). “Studies 

of the relationship between sound absorption coefficient and air permeability of 

wood,” Journal of the Faculty of Agriculture Kyushu University 65(2), 351-355. DOI: 

10.5109/4103900Kang, C.-W.,  Kang, W., Chung, W., Matsumura, J., and Oda, K. 

(2008). “Changes in anatomical features, air permeability and sound absorption 

capability of wood induced by delignification treatment,” Journal of the Faculty of 

Agriculture Kyushu University, 53(2), 479-483. DOI: 10.5109/12861 

Kang, C.-W., Lee, Y.-H., Kang, H.-Y., Kang, W., Xu, H., and Chung, W.-Y. (2011). 

“Radial variation of sound absorption capability in the cross sectional surface of 

yellow poplar wood,” Journal of the Korean Wood Science and Technology 39(4), 

326-332. DOI: 10.5658/WOOD.2011.39.4.326

Kang, C.-W., Kolya, H., Jang, E.-S., Zhu, S., and Choi, B.-S. (2021). “Steam exploded 

wood cell walls reveals improved gas permeability and sound absorption capability,” 

Applied Acoustics 179, article no. 108049. DOI: 10.1016/j.apacoust.2021.108049 

Kang, C.-W., Jang, E.-S., Jang, S.-S., Hasegawa, M., and Matsumura, J. (2020). “Studies 

of the relationship between sound absorption coefficient and air permeability of 

wood,” Journal of the Faculty of Agriculture Kyushu University 65(2), 351-355. DOI: 



PEER-REVIEWED ARTICLE bioresources.com

Jang & Kang (2022). “Sound absorption by hardwood,” BioResources 17(2), 2874-2883.  2883 

10.5109/4103900 

Kolya, H., and Kang, C.-W. (2021). “Hygrothermal treated paulownia hardwood reveals 

enhanced sound absorption coefficient: An effective and facile approach,” Applied 

Acoustics 174, article no. 107758. DOI: 10.1016/j.apacoust.2020.107758 

Lee, H. P., and Kumar, S. (2021). “Perspectives on the sonic environment and noise 

mitigations during the COVID-19 pandemic era,” Acoustics 3(3), 493-506. DOI: 

10.3390/acoustics3030033  

Lim, Z. Y., Putra, A., Nor, M. J. M., and Yaakob, M. Y. (2018). “Sound absorption 

performance of natural kenaf fibres,” Applied Acoustics 130, 107-114. DOI: 

10.1016/j.apacoust.2017.09.012 

Papp, E. A., and Csiha, C. (2017). “Contact angle as function of surface roughness of 

different wood species,” Surfaces and Interfaces 8, 54-59. DOI: 

10.1016/j.surfin.2017.04.009 

Putra, A., Or, K. H., Selamat, M. Z., Nor, M. J. M., Hassan, M. H., and Prasetiyo, I. 

(2018). “Sound absorption of extracted pineapple-leaf fibres,” Applied Acoustics 136, 

9-15. DOI: 10.1016/j.apacoust.2018.01.029

Samsudin, E. M., Ismail, L. H., and Kadir, K. A. A. (2016). “A review on physical 

factors influencing absorption performance of fibrous sound absorption material from 

natural fibers,” ARPN Journal of Engineering and Applied Sciences 11(6), 3703-

3711. 

Taghiyari, H. R., Zolfaghari, H., Sadeghi, M. E., Esmailpour, A., and Jaffari, A. (2014). 

“Correlation between specific gas permeability and sound absorption coefficient in 

solid wood,” Journal of Tropical Forest Science 26(1), 92-100. 

Taghiyari, H. R. (2013). “Effects of heat-treatment on permeability of untreated and 

nanosilver-impregnated native hardwoods,” Maderas. Ciencia y Tecnología 15(2), 

183-194. DOI: 10.4067/S0718-221X2013005000015

Wang, D., Peng, L., Zhu, G., Fu, F., Zhou, Y., and Song, B. (2014). “Improving the 

sound absorption capacity of wood by microwave treatment,” BioResources 9(4), 

7504-7518. DOI: 10.15376/biores.9.4.7504-7518 

Wang, D., Peng, L. M., Fu, F., Song, B. Q., and Liu, M. H. (2017). “Changes of 

microscopic structures and sound absorption properties of decayed wood,” Wood 

Research 62(4), 529-538. 

Wassilieff, C. (1996). “Sound absorption of wood-based materials,” Applied Acoustics 

48(4), 339-356. DOI: 10.1016/0003-682X(96)00013-8 

Yang, T., Hu, L., Xiong, X., Petrů, M., Noman, M. T., Mishra, R., and Militký, J. (2020). 

“Sound absorption properties of natural fibers: A review,” Sustainability 12(20), 1-

27. DOI: 10.3390/su12208477

Article submitted: August 19, 2021; Peer review completed: December 5, 2021; Revised 

version received and accepted: March 20, 2022; Published: April 1, 2022. 

DOI: 10.15376/biores.17.2.2874-2883 


