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1. INTRODUCTION 

Trees grow by absorbing carbon dioxide from the 
atmosphere while alive and store carbon dioxide until is 
burned (Bellassen and Luyssaert, 2014). Accordingly, 
the United Nations Framework Convention on Climate 
Change (UNFCC) has also encouraged the use of wood 
products to reduce greenhouse gas emissions (Brunet- 
Navarro et al., 2018). 

Wood is the most used eco-friendly material on the 
planet, with applications ranging from landscaping, buil-
ding, and furniture (Dirna et al., 2020; Fujimoto et al., 
2021; Hwang and Oh, 2022; Kim and Kim, 2021; 
Mokhirev et al., 2021; Park and Jo, 2020; Park et al., 

2022; Schulz et al., 2021; Yang et al., 2020; Yun et al., 
2021). Wood also improves indoor air quality by absor-
bing or releasing moisture from the air to maintain pro-
per humidity and lowers stress by stabilizing humans 
emotionally (Lee et al., 2016).

Among variable wood species, the Hinoki cypress 
(Chamaecyparis obtusa) is a helpful tree for human 
health (Fujimoto et al., 2021; Kim et al., 2020; Park et 
al., 2020; Yang et al., 2019; Yeon et al., 2019). Li et 
al. (2009) reported an improvement in immune system 
function markers in subjects exposed to Hinoki cypress 
(Chamaecyparis obtusa) and Japanese cedar (Cryptomeria 
japonica). Ikei et al. (2018) reported that touching a 
cypress tree helps physiological relaxation by increasing 
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parasympathetic nerve activity and calming the prefron-
tal cortex activity. Accordingly, several companies have 
commercialized Hinoki cypress cubes for fragrance, hu-
midification, and pillows in Korea (Lee et al., 2017). 

The author has focused on research on sound-absorb-
ing materials using wood for building. Wood can be 
used as a resonant sound-absorbing material by perfora-
ted thin plate with an air back cavity (Peng et al., 2018). 
In addition, it can be used as a porous sound-absorbing 
material by using the pore structure of the cross-section 
of wood (Jang and Kang, 2021a, 2021b, 2021c, 2021d, 
2021e, 2021f, 2022a, 2022c).

The wood’s pore structure and the void spaces bet-
ween the cubes are suitable conditions for sound absorp-
tion. It is similar to a granular type sound-absorbing 
material (Arenas and Crocker, 2010; Jang, 2022a). Thus, 
this study intends to investigate that the Hinoki cypress 
(Chamaecyparis obtusa) not only has previously known 
fragrance and humidification effect, but also has a sound 

absorption function. 

2. MATERIALS and METHODS

2.1. Sample preparation

Table 1 depicts the preparation of three types Hinoki 
cypress cubes depending on their dimensions used in 
this study. They were supplied from the Korean local 
wood market. The origin of the Hinoki cypress is the 
Republic of Korea. The surfaces of Hinoki cypress cubes 
appeared to have been polished smooth during manu-
facturing.

The bulk density of the cubes was calculated by 
weighing the cubes in a 500 mL beaker. Their skeletal 
density was measured from a gas pycnometer (PYC- 
100A-1, Porous Material, Ithaca, NY, USA), and the 
porosity was calculated according to Equation (1). The 
porosity includes both the open-pore porosity of the cube 

Table 1. Preparation of four types Hinoki cypress cubes

Types L (Large) M (Medium) S (Small)

Photos

Dimensions (mm) 9 (W) × 9 (D) × 9 (H) 7 × 7 × 7 4 × 4 × 4

Bulk density (g cm–3) 0.34 0.35 0.38

Skeletal density (g cm–3) 1.34 1.39 1.44

Porosity (%) 74.7 75.2 73.8

MC (%) 9.4 9.2 9.1

MC: moisture content.
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itself and the void space between the cubes.

ø 

 (1)

where, ø is porosity (%), ρ is bulk density (g cm–3), 
and ρskeletal is skeletal density (g cm–3).

The moisture content (MC) was measured based on 
KS F 2199 (Korean Standards Association, 2016). The 
author calculated through weight difference after taking 
100 g of samples from each group and placing them in 
a laboratory oven at 105℃ for about seven days. 

2.2. Scanning electron microscopy (SEM) 
image analysis

The surfaces of the Hinoki cypress cube were ob-
served by the SEM (Genesis-1000, Gwangju, Emcraft, 
Korea) at 500 magnification. In wood anatomy, wood 
samples need to be smoothed and then shaved cleanly 
with a microtome to observe the pore structure of wood 
sections using SEM (Jang et al., 2018a). This pretreat-
ment is essential to observe the pore structure of wood. 
However, the original Hinoki cypress cubes used in this 
study are not finished their surfaced with a microtome. 
So, their surfaces are totally different. Therefore, this 
study observed not only the surface of the Hinoki cy-
press cubes cut with a microtome but also the original 
sample surface. The original cypress cube has been poli-
shed on all sides. The surface polishing blocks the pores 
in the wood, which can disadvantage the sound absorp-
tion effect (Jang and Kang, 2022b).

2.3. Sound absorption coefficient of Hinoki 
cypress cubes

This study examined the sound absorption coefficient 
of Hinoki cypress cubes using an impedance tube (ISO 
10534-2, 2001). The impedance tubes were type 4206 

(Brüel & Kjær, Nærum, Denmark). They are divided 
into a large impedance tube with a diameter of 99 mm 
and a small impedance tube with a diameter of 29 mm 
depending on the frequency range (Fig. 1). 

In this study, a large impedance tube was used for the 
frequency range of 100–1,600 Hz, and a small impedance 
tube was used for the frequency range of 500–6,400 Hz. 
The three types Hinoki cypress cubes were filled to a 
height of 6, 8, 10, and 12 cm in the both impedance 
tubes, respectively.

The noise reduction coefficient (NRC) is mainly used 
to evaluate the sound absorption performance as a single 
index (Kim and Lee, 2017). The NRC was calculated as 
in Equation (2).

NRC

     (2)

where: α250: sound absorption coefficient at 250 Hz, 
α500: sound absorption coefficient at 500 Hz, α1000: sound 
absorption coefficient at 1,000 Hz, α2000: sound absorp-
tion coefficient at 2,000 Hz.

The sound absorption coefficients at 250, 500, and 
1,000 Hz were obtained from a large impedance tube, 
and the sound absorption coefficient at 2,000 Hz was 

Fig. 1. Schematic of impedance tubes.
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obtained from a small impedance tube. In addition, to 
evaluate the sound absorption ability for each frequency 
section, this study calculated average sound absorption 
coefficient at 250–500 and 500–1,000 from large impe-
dance tube, and sound absorption coefficient at 1,000–
2,000 and 2,000–6,400 Hz from small impedance tube.

All Hinoki cypress cubes were measured at an atmos-
pheric pressure of 1,080.00 hPa, a temperature of 10.10℃, 
and a relative humidity of 32%. The sound velocity was 
337.39 m/s, the air density was 1.250 kg/m³, and the 
characteristic impedance of air was 421.7 Pa/(m/s). 

3. RESULTS and DISCUSSION

3.1. Scanning electron microscopy (SEM) 
images 

Fig. 2 shows SEM images Hinoki cypress cube’s 
transverse and tangential planes. Fig. 2(a) and (b) show 
the transverse and tangential surface of Hinoki cypress 
shaved with a microtome, respectively, and Fig. 2(c) and 
(d) show the transverse and tangential planes of original 
Hinoki cypress cube, respectively. 

Fig. 2. SEM images of Hinoki cypress cube. (a) Transverse section shaved with a microtome, (b) tangential 
section shaved with a microtome, (c) transverse section without pretreatment, (d) tangential section without 
pretreatment. SEM: scanning electron microscopy.
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Tracheids were observed in the transverse plane cut 
with a microtome (Jang et al., 2020). Their average 
diameter was 21.05 ± 2.75 (± is SD) μm. Tracheids and 
rays were observed in the tangential plane.

On the other hand, it was challenging to observe the 
anatomical features of the original Hinoki cypress cube. 
The transverse plane was observed as a rough surface, 
and the tangential plane was observed smooth surface. 
As a result, the Hinoki cypress cubes seemed challenging 
to utilize the wood’s pore structure for sound absorption. 

3.2. Results of sound absorption 
coefficients

Fig. 3 shows the sound absorption curve of Hinoki 
cypress cubes depending on their filling height. The left 
side graphs are the sound absorption coefficient curves 
from the large impedance tube, and the right sides are 
the results from the small impedance tube.

As the height of the cubes filled in the impedance 
tube increased, the sound absorption peak tended to move 
in the low-frequency direction. The sound absorption 
coefficients of the high-frequency region showed that the 
number of peaks increased as the height of the cubes 
filled in the impedance tube increased. This phenomenon 
is because as the height of the cubes increases, there is 
more space for the sound waves to penetrate, which is 
a typical sound absorption curve of a granular type sound 
absorbing material (Borrell et al., 2020).

Table 2 depicts the average sound absorption coeffi-
cient at each frequency range and NRCs of Hinoki 
tubes. At least, the results of this study showed that the 
Group (M) showed the optimum sound absorption per-
formance when comparing the average sound absorption 
coefficient and NRC for each frequency section. 

This seems to be related to the porosity of Hinoki 
cypress cubes. The porosity of Group (M) was 75.2%, 
which was larger than that of Group (L: 74.7%) and 
Group (S: 73.8%). Therefore, the sound absorption per-

formance of Group (M) was superior to that of the other 
two groups because the space where the incident sound 
wave was dissipated was relatively large. Consequently, 
the void spaces between the cubes are suitable condi-
tions for sound absorption.

According to ISO 11654 (1997), NRC grades are 
divided into 5 grades: below 0.10 is no grade, grade E 
is 0.15 to 0.25, grade D is 0.3 to 0.55, grade C is 0.60 
to 0.75, grade B is 0.80 to 0.85, and grade A is 0.90 
to 1.00 (Jang et al., 2018b; Kim and Lee, 2017). As a 
result of this study, all dimension of Hinoki cypress 
cubes show D grade, that it has a sound absorption 
function. 

In this study, polished Hinoki cubes were used. The 
polished treatment hinders the sound absorption effect 
because it blocks the pores. If the cube cross-sections 
were not polished, the pores of the surface would have 
contributed to the improvement of the sound absorption 
performance (Jang and Kang, 2022b). As mentioned in 
the introduction section, the sound absorption perfor-
mance is more likely to be better in hardwood species 
where vessels are developed (Jang and Kang, 2021a, 
2021b, 2021c, 2021d, 2021e, 2021f, 2022a, 2022c). Thus, 
it is necessary to evaluate the sound absorption ability 
by making cubes of various hardwood species. 

Fig. 4 compares the NRC of cypress cubes and natural 
materials investigated in previous studies (Jang, 2022b, 
2022c; Kang et al., 2019; Thilagavathi et al., 2018). 
Most of the natural sound-absorbing material candidates 
presented in previous studies corresponded to grades E 
and D. Although the Hinoki cubes have the same D 
grade, the NRC showed a relatively high level compared 
to other natural sound-absorbing material candidates.

This study was the first approach to evaluate the 
sound absorption ability of commercial Hinoki cypress 
cubes in Korea. It is expected that this study will 
contribute to diversifying the use of wood and further 
increase the added value of wood.
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Fig. 3. Sound absorption curve of Hinoki cypress cubes depending on their filling height (left side: large 
impedance tube, right side: small impedance tube).
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4. CONCLUSIONS  

This study investigated the sound absorption perfor-
mance of commercial Hinoki cypress cubes used as fra-
grance, humidification, and pillows in Korea. The results 
of this study are as follows.

As the filling heights of Hinoki cypress cubes increa-
sed, the sound absorption coefficient at low frequencies 
increased. In the high-frequency region, the number of 
sound absorption peaks increased as the filling heights 
increased. As a result of comparing the difference in 
sound absorption performance by the dimension of Hi-
noki cypress cubes, the sound absorption coefficient of 

the group (M) was superior to that of groups (L) and 
(S). Overall, the NRC of Hinoki cypress cubes was 0.41
–0.59. In conclusion, it was found that Hinoki cypress 
cubes have a sound-absorbing function.
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Table 2. Average sound absorption coefficient at each 
frequency range and NRCs

Average
Sound absorption 
coefficient 
@ frequency range

Group

Filling height (cm)

6 8 10 12

L 0.22 0.32 0.51 0.68

α250–500 M 0.27 0.40 0.58 0.80

S 0.20 0.29 0.51 0.71

L 0.53 0.74 0.65 0.53

α500–1,000 M 0.64 0.82 0.72 0.55

S 0.51 0.77 0.67 0.53

L 0.33 0.38 0.39 0.57

α1,000–2,000 M 0.44 0.38 0.51 0.62

S 0.34 0.36 0.44 0.61

L 0.50 0.66 0.76 0.75

α2,000–6,400 M 0.71 0.73 0.73 0.81

S 0.58 0.72 0.68 0.76

L 0.49 0.43 0.43 0.58

NRC M 0.59 0.48 0.49 0.58

S 0.57 0.44 0.41 0.53

NRC: noise reduction coefficient.

Fig. 4. Sound absorption ability of Hinoki cypress 
cubes compared with previous studies. NRC: noise 
reduction coefficient.
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