pISSN: 1017-0715 eISSN: 2233-7180
https://doi.org/10.5658/WOOD.2021.49.5.482

J. Korean Wood Sci. Technol. 2021, 49(5): 482~490

Original Article

Effects of Air-Dried Leaves of Evergreen Broad-Leaved
Trees on Sound Absorption Property'

Su-Young JUNG® - Ree-Keun KONG’ - Kwang-Soo LEE’ - Hee-Seop BYEON{*'

ABSTRACT

This research was conducted to analyze the sound absorption effect of air-dried leaves from two evergreen tree
species found in Korea's warm-temperate and subtropical regions. As eco-friendly sound absorption materials, Dendropanax
morbiferusa, and Fatsia japonica leaves were prepared in three specimen units sizes 0.5 x 0.5 cm? 1.0 x 1.0 cm?,
and 2.0 x 2.0 cm? and each of them was formed at a thickness of 1.00 cm, 1.75 cm, and 2.50 cm. The measured
sound absorption coefficients (SAC) for 18 conditions were comparatively analyzed in this study. The SAC of both
tree species was significantly improved by increasing the dried leaf layer thickness. These results showed a more consistent
and distinct trend for both tree species under the condition of 0.5 cm? in dried leaf size compared to other leaf specimen
sizes. However, as the thickness increased, the difference in sound absorption effect according to the leaf size tends
to decrease overall. In the case of D. morbiferus, there was no significant difference in SAC based on leaf size under
the condition of 2.5 cm thickness (p < 0.05). The highest mean SAC was found in a 2.5 cm thick condition with
a leaf size of 0.5 x 0.5 cm? 0.549 for D. morbiferusa, and 0.594 for F. japonica, respectively.
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1. INTRODUCTION

The distribution area of evergreen broad-leaved for-
est in Korea is estimated to be about 10,000 ha, and
their distribution area is gradually expanding along
with global warming (Korea Forest Service, 2002;
National Institute of Forest Science, 2014). Forests are

the largest carbon pool on earth (Vashum and

Jayakumar, 2012) and the constituent tree species of
warm-temperate and subtropical forest zones have a
high potential to play a major role in adapting to cli-
mate change and mitigating global warming (Korea
Forest Service, 2018). In this regard, evergreen broad-
leaved forests and trees in the southern region of
Korea are also playing a role in absorbing carbon from

nature, and the value of resource utilization as an
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eco-friendly material is also gradually increasing.

Recently, in addition to sustainable environmental
conservation and maintenance, demands for improve-
ment of living environments such as industrial sites
and residential spaces are also increasing, and the field
of noise reduction in living environments is no ex-
ception (Ersoy and Kiigiik, 2009; Bujoreanu et al.,
2017; Koizumi et al., 2002). Industrial sound absorp-
tion generally uses synthetic fibers, sponge, glass or
rock wool, foam, fabric, etc. However, these industrial
sound-absorbing materials may directly or indirectly
cause environmental pollution when discarded, and al-
so have disadvantages that are difficult to reuse and
incinerate. Various studies have been conducted on the
relationship between noise and wood source materials
and/or treatment; wood substrates (Kang and Park,
2001), wood structure and gravity, carbon and heat
treatment (Byeon et al., 2010; Won et al., 2015; Kang
et al., 2019c), wood by delignification treatment
(Kang and Lee, 2005.), resonator by hole position
(Hwang et al, 2008), wood bark particle mats (Kang
et al., 2019b), composite particle board (Iswanto et al.,
2020; Kang et al., 2015), the oak mushroom bed log
(Kang et al., 2008), coconut coir fibers (Nor et al.,
2004), bamboo fiber (Koizumi et al., 2002), traditional
Koreannatural wallpapers (Jang et al., 2018), undried
leaves of evergreen broad-leaved trees (Jung et al,
2020), recycled materials (Lee, 2001) etc.

The purpose of this study is to compare and analyze

the sound-absorbing effect of air-dried leaves in order to

(@) 0.5 cm x 0.5 cm

(b) 1.0cm x 1.0 cm

verify or expand their practicality as an eco-friendly
sound-absorbing material of two evergreen broad-leaved

tree species native to the southern region of Korea.

2. MATERIALS and METHODS

2.1. Processing of sound absorbing
materials

In order to investigate the sound absorption co-
efficient (SAC) according to the specimen size and
layer thickness of the air-dried leaves of evergreen
broadleaf trees, the leaf of Korean dendropanax
(Dendropanax morbiferus) and Japanese aralia (Fatsia
Japonica) were collected in National Institute of Forest
Science. SAC is a parameter commonly used to ob-
serve the acoustic properties of sound absorbing mate-
rials that play an important role in noise attenuation
(Kang et al., 2019a; 2019c). Two evergreen broad-leaved
trees of D. morbiferus and F. japonica are mostly dis-
tributed in subtropical and warm temperate forest zone
in Korea. Before this experiment, three samples for
each tree species were collected and estimated using
thickness measuring instrument (PDN-21, Peacock,
Japan) and leaf area measuring instrument (Li-3000C,
Licor). Using a measuring straw cutter, the specimen
was cut into three unit sizes: 0.5 x 0.5 cm? 1.0 x
1.0 cm?, and 2.0 x 2.0 cm®. As shown in Fig. 1, all
the specimens as configurations of biomass materials
(Oldham et al., 2011), were under a synthesized pres-

sure (0.0256 kgf/cm?). The leaves of two evergreen

(c) 2.0 cm x 2.0 cm (d) Sample for measuring
sound absorption coefficent

Fig. 1. Preparation of specimen for measurement of sound absorption coefficient (SAC) for evergreen tree species.
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species were dried to an average moisture content of
about 12% to 13% for 2 weeks in a constant temper-
ature and humidity room, and the average moisture
content of air-dried leaves was 13.09% for D. morbife-
rus and 12.50% for F. japonica (Table 1).

2.2. Estimation of sound absorption
coefficient

The measurement principle of the impedance tube
method is mainly divided into two types; a method
using the standing wave ration and the transfer func-
tion method (Hakamada er al., 2006). In this study,
the sound absorption characteristics of air-dried leaves
were investigated by the latter transfer function meth-
od (Fig. 2). In detail, the absorption properties test ap-
paratus for the two microphone method consisted of
an impedance measurement tube used here (Type
4206A, B&K, Denmark) in the right side of Fig. 2,
a sign analyzer unit (Type 2035, B&K, Denmark), a
power amplifier (Type 2706, B&K, Denmark) and two
microphones (Type 2670, B&K, Denmark), as shown

in the left side of Fig. 2 (User manual, 2002). The
range of the frequency measurement was 100 Hz~
3,200 Hz in a middle type impedance measurement
tube. The SAC was determined according to ASTM
C 384-04 (2016).

Following calibration with a sponge, the absorption
coefficient of the material was measured 100 times
each specimen. Three replication tests were conducted
on each specimen and the mean value of the test re-
sults was recorded. After the experimental measure-
ment of SAC, an average SAC was calculated by di-
viding denominator into numerator in the frequency
range of the measurement using the following equa-
tion(1) (Won et al, 2015; Jung et al., 2020).

Total absorption value

Total number of
measurement

M

Sound absorption coefficient =

SACs are shown in Table 2, and the values were
statistically analyzed performed by Duncan's multiple
range test using PASW Statistics 18.0 (SPSS Inc.,
Chicago, IL, USA).

Table 1. Characteristics of the leaf by two evergreen broad-leaved tree species

Moisture content of

Classification Leaf area Length Width Thickness air-dried leaves
(cm?) (cm) (cm) (mm) (%)

D. morbiferus 60.03 11.30 5.03 0.632 13.09

F. japonica 1370.36 138.83 18.20 1.279 12.50

Note: The data is the average of 3 samples measured. Leaf area, length, width and thickness were measured at green state.
(Jung et al., 2020)

From
Signal

and
Amplifier

Generator

To FFT Analyzer

Stationary Random =
Sound Source Signal . Acoustically hard

Piston Disk

Test
Sample

Fig. 2. Two-microphone impedance measurement tube (left side) and cut-away diagram of the impedance

measurement tube (right side) (Jung et al., 2020).
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3. RESULTS and DISCUSSION

3.1. Sound absorption coefficients by leaf
thickness and specimen size

The relationship between layer thickness and unit size
of the air-dried leaf specimen and SAC is shown in
Table 2. Leaf thicknesses and specimen sizes were dif-
ferentiated with thicknesses of 1.00 cm, 1.75 cm, and
2.00 cm and/or with specimen sizes of 0.5 x 0.5 cm?,
1.0 x 1.0 cm? and 2.0 x 2.0 cm®. Fig. 3, Fig. 4, and
Fig. 5 show comparatively the sound absorption
curves by three different specimen size for leaf thick-
ness 1.00 cm, 1.75 cm, and 2.00 cm, respectively. For
instance, Fig. 3 shows the relationship between differ-
ent unit size and SAC for specimens which have the
same thickness but different specimen unit size for
each evergreen broad-leaved tree species. In general,
it is reported that the higher the density per unit vol-
ume, the higher the SACs for the same material
(McGrory et al., 2012). As shown in Table 2, the
SACs for each species were obtained under the similar
density conditions for D. morbiferus within the range
of 0.05-0.07 (g/cm®), and for F. japonica within the
range of 0.10-0.14 (g/cm?).

In this study, the SAC showed a tendency to be

higher as the thickness of the leaf layer increased un-
der specific pressure conditions. This may be because
more air gaps occur in thick leaf conditions than in
thin leaf conditions under same pressure conditions.
The relationship between the sample thickness and the
air gap has also been considered in the results of pre-
vious studies on various materials (Hakamada et al.,
2006; Taban et al., 2019; Jung et al., 2020). Under
the condition of thin layer thickness, the sound absorp-
tion effect was higher as the sample size was larger,
whereas under the condition of thick layer thickness,
the sound absorption effect by the air gap had a great-
er effect than the effect of the leaf size. From these
results, it is considered that the smaller the specimen
size of the dry leaf under the same thickness and pres-
sure conditions, the higher the SAC is due to the in-
crease of the air gap. Among all the conditions of this
study, the largest mean SAC was found in the con-
dition of 0.5 cm x 0.5 cm leaf size at 2.50 cm thick-
ness, with 0.594 for F. japonica and 0.549 for D.
morbiferus. The mean SAC of D. morbiferus in each
treatment condition ranged from 0.281 to 0.549, and
0.309 to 0.594 for F. japonica. These results were
slightly lower than the SAC shown by undried leaves
of the same tree species by Jung et al. (2020). At the

level of leaf thicknesses of 1.00 cm and 1.75 cm, the

Table 2. Sound absorption properties and density of evergreen broad-leaved trees

Leaf specimen size

Tree speices thiiii;:y(z;) 0.5 x 0.5 (cm) 1.0 x 1.0 (cm) 20 %20 @m)
SAC ave. p (g/lem’) SAC ave. p (g/em?) SAC ave. p (g/em?)
1.00 0.288+0.008Bc  0.07  0.281+0.006Bc 005  0.324+0.004Ab 0.06
D. morbiferus 175 0.344+0.01Cb 0.07  0.371+0.005Bb 0.05  0.527+0.017Aa 0.06
2.50 0.549+0.007Aa  0.07  0.539+0.007Aa 0.05  0.535+£0.003Aa 0.06
1.00 0309£0.002Cc ~ 0.14  0.340+0.007Bb 0.12  0.377+0.005Ab 0.10
F. japonica 1.75 0.541£0.005Bb  0.14  0.574+0.01Aa 0.12  0.555£0.006ABa  0.10
2.50 0.594+0.008Aa  0.14  0.583+0.009ABa  0.12  0.572+0.011Ba 0.10

SAC: Sound absorption coefficient, data are average values from 3 replications

A-C means that different capital letters in a row within each size differ significantly (p<0.05)
a-c means that different small letters in a column within each thickness differ significantly (p<0.05)
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SAC of both species was significantly higher as the
leaf specimen size increased (Table 2). These results
showed a similar tendency to the sound absorption re-
sponse characteristics for undried leaves of the same
species by Jung et al. (2020). However, as the thick-
ness increased, the difference in sound absorption ef-
fect according to the leaf size showed a tendency to

decrease overall. In particular, in the case of D. morbi-

° °
= B3

Absorption coefficient
14
2

Absorption coefficient

°

//‘,',‘

J

°
°

o 500 1000 1500 2000 2500 3000 3500 0 500 1000
Frequency (Hz) F
—osxosEm —10x106m —20%20fm oseosim —
(a) D. morbiferus (b) F.

+ Kwang-Soo LEE - Hee-Seop BYEON

ferus, there was no significant difference in SAC ac-
cording to the difference in leaf size under the con-
dition of 2.5 cm thickness (p < 0.05). In the case of
F. japonica, the difference in sound absorption effect
(0.022) between the leaf sizes of 0.5 x 0.5 cm® and
2.0 x 2.0 cm® under the condition of 2.50 cm thickness
was relatively weak compared to the case of 1.00 cm
thickness (0.068). Under the condition of 1.00 cm
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Fig. 3. Comparison of sound absorption capacity between three size types of air-dried leaves with 1.00 cm thickness.
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thickness filled with a leaf size of 0.5 x 0.5 cm?, the
sound absorption coefficient was relatively lower than
that of the other two thickness conditions, and in par-
ticular, in the case of D. morbiferus, the sound absorp-
tion coefficient was lower than that of sponge 0.303
(Table 2). Under the condition of the leaf layer thick-
ness of 1 cm, the SAC was very low at less than 0.1
in the frequency range below 1,000 Hz, and the max-
imum SAC thereafter was less than 0.7 as shown in
Fig. 3. These results showed a distinct difference from
the steep rise of the sound absorption coefficient from
0.8 to 1.0 in the frequency range above approximately
1,000Hz in the case of the leaf thicknesses of 1.75
cm (Fig. 4) and 2.50 cm (Fig. 5).

Therefore, the sound absorption effect of each leaf
size in the 1.75 cm and 2.50 cm thick conditions, ex-
cluding the 1.00 cm thick condition, was compared
and analyzed intensively for each frequency band, and

the results are as follows.

3.2. Sound absorption properties by
frequency band

The overall mean SAC was higher as the size of
the leaf specimen increased under the thin leaf layer
of 1.00 cm, whereas the significant difference in SAC
by the leaf specimen size tended to decrease under the
thick leaf layer of 1.75 cm and 2.00cm. Fig. 4(a)~(b)
show the SAC response curves for each specimen size
in the 1.75cm thickness of the air-dried leaves accord-
ing to the frequency band. Under the condition of 1.75
cm thickness, the mean SAC was relatively higher in
F. japonica species than in D. morbiferus species as
shown in Fig. 4(c). In particular, these results showed
that the sound absorption effect was higher in all leaf
size conditions regardless of the leaf size.

The sound absorption coefficient of both species in-
creased rapidly at 500Hz, but the sound absorption ef-

fect of D. morbiferus species in the subsequent fre-

quency band was significantly lower than that of F.
Japonica species. These results are in contrast to the
fact that the SAC of F. japonica species is con-
tinuously and gradually increasing from 1,000 Hz to
3,000 Hz.

From the above results, obviously, the difference in
sound absorption coefficient according to the increase
in frequency was more sensitive and consistent in the
F. japonica than in the D. morbiferus, and the SAC
tended to increase as the frequency increased in the
F. japonica. This difference in sound absorption char-
acteristics is thought to be due to the difference in the
fundamental structural characteristics of the fresh leaf
between these two tree species, and these character-
istics are considered to have secondly influenced the
difference in pore composition, resonant character-
istics, etc. of the air-dried leaves in specimen
composition. In previous studies (Kang and Park,
2001; Koizumi et al., 2002; Hakamada et al., 2006;
Ismail et al., 2010; Taban et al., 2019), it was reported
that the porosity of the same absorption material under
the same pressure condition is a factor that has a major
influence on the sound absorption characteristics ac-
cording to the frequency band. In a study on the effect
of fiber type, fiber size, material thickness, density,
airflow resistance and porosity on SAC (Hoda, 2009),
it was reported that air gap is involved in further in-
creasing the SAC value in mid and higher frequencies.
Under the condition of 1.75 cm in leaf thickness of
D. morbiferus, only 2.0 x 2.0 cm® in leaf size showed
a high SAC of 0.5 or more (Table 2). It can be seen
that these results originate from the difference in three
frequency range of 1,500 Hz, 2300 Hz, and 3,800 Hz
as shown in Fig. 5(a).

The highest SAC of D. morbiferus under the 2.5
cm leaf thickness condition was found in the fre-
quency range of 1,500 Hz to 2,300 Hz without any
significant difference in all leaf sizes as shown in
Table 2 and Fig. 5(a). The highest SAC of F. japonica
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was found at 1,600 Hz for both leaf sizes of 0.5 x
0.5 cm® and 1.0 x 1.0 cm® as shown in Fig 5(b).
One singularity here is that in the frequency below
approximately 1,500 Hz, the larger the leaf size, the
higher the coefficient, but above approximately 1,500
Hz, the smaller the leaf, the higher the coefficient.
From the above study results, it was found that the
sound-absorbing effect was generally high in the con-
ditions of 1.75 ¢cm or more in air-dried leaf layer thick-
ness of the two evergreen broad-leaved tree species,
and it was also found that the effect was much higher
in the frequency range above approximately 1,000 Hz.
Therefore, the results on the sound absorption effect
of the air-dried leaves obtained in this study were
more practical than the results of the fresh leaf for
the same tree species. The results of this study are
meaningful in providing basic data for the manu-
facture of eco-friendly sound-absorbing materials us-
ing air-dried leaf materials of the evergreen broad-leaved

tree species into molded products.

4. CONCLUSION

The sound absorption coefficient of air-dried leaves
for Dendropanax morbiferus and Fatsia japonica as
evergreen broad-leaved tree species was estimated and
compared; the air-dried leaf layer thicknesses of 1.00
cm, 1.75 cm, and 2.50 cm and the leaf sizes of 0.5
x 0.5 cm?, 1.0 x 1.0 em? and 2.0 x 2.0 cm’. The
measured values of sound absorption capacity for all
conditions were statistically analyzed by Duncan's
multiple range test. The results are summarized as fol-
lows:

(1) In both species, the sound-absorbing capacity of
air-dried leaves was lower than that of undried
leaves. At the level of leaf thicknesses of 1.00
cm and 1.75 cm, the SAC of both species was
significantly higher as the leaf specimen size

increased. These results showed a similar ten-

dency to the sound absorption response charac-

teristics for undried leaves of the same species.
(2) However, as the thickness increased, the differ-
ence in sound absorption effect according to the
leaf size showed a tendency to decrease overall.
In particular, in the case of D. morbiferus, there
was no significant difference in SAC according
to the difference in leaf size under the condition
of 2.5cm.
The highest SAC of D. morbiferus under the
2.5 cm leaf thickness condition was found in
the frequency range of 1,500 Hz to 2,300 Hz

3

~

without any significant difference in all leaf
sizes. The highest SAC of F. japonica was
found at 1,600 Hz for both leaf sizes of 0.5 x

0.5 cm® and 1.0 x 1.0 cm*
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