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ABSTRACT

The sound absorption property, hand feel, air permeability and pore size of 25 kinds of traditional Korean
natural wallpapers (Hanji) were measured and analyzed in this study. The sound absorption rate of Hanji became
larger with increasing of frequency beginning from 3.2 kHz, reached 2 times in frequency range of nearby 4 kHz.
The sound absorption rate of Hanji was increased as the permeability was lowered and the pore size was decreased.
The sound absorption property of Hanji wallpaper could be improved by manufacturing process such as super

calendering process.
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1. INTRODUCTION

It is hard to find proper walpaper to improve
residential environment. There are many factors, such
as the thermal properties, indoor air quality, lighting
environment and sound properties in a room, influencing
on selecting wallpapers. Recently people who spend
more time in a house are getting interested in natural
wallpaper because of the disease prevention of sick
house syndrome, rhinitis and atopy etc., and improvement
of indoor air quality.

The natura walpapers are classified into fiber
wallpaper and the Korean traditional wallpaper, Hanji,
mede from paper mulberry and a hibiscus ec. It is known

as anti-bacterial, deodorizing and humidity control.

Recently, people are interested in the pleasant sound
environment for the modest indoor living conditions
and the sound absorption properties of the wallpaper.
Meanwhile, the acoustic wallpapers made of fabric and
urethane are produced. (Choi and Bang, 2012; Yoon
and Oh, 2005; Huang et al., 2014; Oh and Yoon, 2005),
and there are many previous studies on Hanji paper
(Yoon et al., 1996; Yoon et al., 1997; Jeong et al.,
2004; Jeong et al., 2005). In addition, studies on the
improvement of sound absorption performance of wood
based materials have been actively carried out (Won
e al., 2015; Kang et al., 2015; Kang et al., 2018; Kang
et al., 2018).
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However, the research on improving the sound
absorption performance in natural wallpaper has not
sufficiently conducted. In this study, the natural
wallpapers available in the market are used to measure
the sound absorption property, hand feel, air
permesbility and pore size. The correlation between
sound absorption property and hand feel, air
permeability and pore size of conventional wallpapers
and Hanji wallpaper was andyzed in order to improve
sound absorption property of Hanji.

2. MATERIALS and METHODS

25 samples were randomly picked from a sample
book provided by Korean paper makers and eech sample
was cut into 29 mm and 99 mm in diameter for the
measuring sound absorption rate as shown in Fig. 1.

2.1. Measuring sound absorption rates of
wallpaper

The sound absorption rates of the wallpapers in the
frequency range of 50 Hz ~ 6400 Hz were measured
by transfer function method according to 1SO 10534-2
and KS F 2814-2 usng impedance tube (B&K company,
kit type 4706), pulse andyss equipment and a spectrum
anadlyzer (B&K company), which were shown in Fig.
2. The diameter of impedance tube for the measurement
of sound absorption rate was 29 mm for the high
frequency range of 500 Hz ~ 6400 Hz and 99 mm
for the low frequency range of 50 Hz ~ 6400 Hz because
the diameter of impedance tube was limited by
frequency.

The temperature, relative humidity and atmospheric
pressure during measurement were 24.80 ‘C, 48.00 %
and 1013.25 hPa, and moreover, the velocity of sound,
air dendity and acoustic impedance were 346.04 m/s,
1.183 kg/m® and 409.2 Pal/(m/s), respectively.

Fig. 2. Image of Impedance tube (B&K company, kit
type 4706).

2.2. Analysis of hand feel of wallpaper

As shown in Fig. 3, hand fed (HF, %) of wallpaper
was analyzed by tissue softness analyzer (TSA)
manufactured by Emtec (Germany). This equipment can
measure the parameters of softness and smoothness
within 30 s. The peak of spectrum was as shown in
Fig. 4, TS7 pesk (in dB V¥ms) a 6.5 kHz represented
softness while TS750 first peak (in dB Vrms) at 750
Hz represented structure (creping, embossing). HF was
caculated by the equation, developed by Emtec
(Germany), after the creping and embossing were
combined with diffness (D), thickness and basis weight.

2.3. Permeability measurement

The gas permeability was caculated by Darcy’'s
permeability constant (Anderson, 1966) after real-time
flow rate changes was measured by capillary flow
porometer (Model : CFP-1100AE, Porous Materia Inc,
Ithaca, USA) as the pressure and flow rate were
increasing (Fig. 5).
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Fig. 4. TSA result graph (adapted from Abu-Rous Fig. 5. The graph of gas permeability using a capillary

et al., 2017). flow porometer
k. dp Material Inc, Ithaca, USA). The measurement was
V==(=) "= rrrrrerrnrnnens
wodx @ conducted in two steps. In first step, after the pressure
where, of ar was applied in the vertical direction of dried

sample, the flow rate was measured, at this time, a
grgph of the flow againgt pressure was cdled ‘dry curve'.
In second gep, after samples were soaked in the wetting
liquid Galwick (Porous material Inc. U.S.A, surface
tension : 15.9 N/m) with little volatility and the low
surface tension, the wetting liquid soaked inside pores
was forced out by applying air pressure, at this time,
a graph of the flow against pressure was called ‘wet
curve'. There had been sections in that the air inside

V = Linear flow rate (m/s)

k = the permeability of a medium (m?

u = Viscosity of the fluid (N - s/md)

p = Pressure (N/m?)

x = Displacement in the direction of flow (m)

2.4. Pore size measurement

Pore size were measured by the method of capillary

flow porometry according to ASTM F316-03 using a
capillary flow porometer (Model: CFP-1100AE, Porous

pore could not get out due to soaked wetting liquid
as air pressure being increasing in wet curve until
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Fig. 6. The graph of pore size using a capillary flow porometer.

pressure reached a certain level. The pressure when
the wetting liquid in the largest pore starts to get out
is called a bubble point. The relation between bubble
point and pore sSze was as the Y oung-Laplace equation.

Until the time that wet curve and dry curve met,
the pressure to be followed changing of flow had been
measured during air pressure being increased after
bubble point was measured, during this time the wetting
liquid soaked inside pore was totaly forced out, which
means that the measuring of pore size was finished.
Moreover, the graph of pressure and flow was presented
as an imaginary line when flow in measured dry curve
was conddered as 50 %, this was cdled ‘hdf dry curve'.
The pressure & which wet curve and hdf dry curve were
met was called mean flow pore pressure (Fig. 6), and
was calculated from the Young-Laplace equation. [2].

where,

¢ : Congtant (2860 when using pressure unit Pa)
T : Surface tension of liquid (15.9 N/m)

p = Pressure (N/m?)
D : Diameter of pore (um)

3. RESULTS and DISCUSSION

3.1. Sound absorption rate measurement

The sound absorption rates of specimens are shown
in Fig. 7. The sound absorption rates of natura
wallpapers showed 0.1 under 3.2 kHz, increased by
15 % above 3.6 kHz, and increased by 20 ~ 30 %
above 5 kHz, which indicates that the sound absorption
rates are increasing from low frequency band to high
frequency band which shows a typica characteristic
of porous sound absorber. The noise reduction
coefficient (NRC) of specimens are shown in Table
1. NRC displayed low values as value being 0.04.

According to KS F 1SO 11654 (2003), acoustics-
Sound absorbers for use in buildings-rating of sound
absorption as NRC (noise reduction coefficient, mean
of sound absorption rates at 250 Hz, 500 Hz, 1000
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Fig. 7. Typical plots of sound absorption coefficient vs. frequency.

Hz and 2000 Hz), below 0.10 is no grade, 0.15 ~ 0.25
is E grade, 0.3 ~ 0.55 is D grade, 0.60 ~ 0.75 is C
grade, 0.80 ~ 0.85 is B grade, and 0.90 ~ 1.00 is A
grade. In this study, the Korean wallpaper was reveded
to be ‘no grade'. It is generally recognized that the
sound absorption rate of wallpaper is relatively low
because of its thin thickness and smooth surface so
that there is a limit to satisfying the performance of
the sound absorbing material alone by the wallpaper
itself (Kang et a., 2005; Kang et a., 2007).

3.2. Hand feel

Hand fedl of specimens measured by TSA is shown
in Fig. 8. The higher value of TS750 was the rougher

hand feel. Although same products manufactured from
the same wallpaper, the values of TS750, TS7 could
be different because the pattern of wallpaper and the
types of additives during manufacturing were different,
thus the HF among same products was different because
HF was calculated by the function using the difference
in TS750 and TS7 (Table. 1). However, the correlation
between HF and sound absorption rate did not be found.

3.3 Relation between sound absorption
rate and permeability as well as pore
size of Hanji wallpaper

As shown in Fig. 9 and 10 the permesbility was
increased as the pore size being larger in this study,
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Table 1. Result of softness, gas permeability, pore size, sound absorption coefficient.

Darcy

ii”ﬁﬂﬁe'f (dB T\?Zrms) (dBT S\Zg)r(r)ns) (TA)F) pe;g":;‘bair:tity S ﬁiﬂf “2.32”(53’58 NRC
1 160.393 234.186 715 0.10007 8.065 31351 0.0408
2 97.054 174.908 775 0.07230 7.003 26204 0.0448
3 101.989 200.978 76.4 0.00596 6573 27031 0.0450
4 128.365 319.467 825 0.09824 11.046 5.4060 0.0443
5 165.238 214172 89.2 0.03800 8033 3.6056 0.0452
6 158,033 188.315 705 0.09503 11.108 47530 0.0421
7 159.721 373.908 628 0.08040 10.790 46944 0.0399
8 126,720 179.983 84.1 0.05723 10233 39140 0.0446
9 175.278 197.004 76.8 0.10959 12652 5.2880 0.0444
10 84.286 239.986 67.7 0.12085 14.093 56456 0.0379
1 137.622 251.170 79.1 0.12230 12920 55586 0.0464
12 139.367 366,033 87.0 0.18103 13798 7.289 0.0349
13 139.725 282.389 86.0 0.10634 11.803 55542 0.0434
14 115.244 238.786 86.6 0.12147 12.356 6.1026 0.0449
15 53.396 173520 527 0.04872 8.742 3.4248 0.0501
16 110.469 129217 826 0.12838 12,055 5.7892 0.0362
17 99.768 100,617 749 0.08558 10,631 43304 0.0405
18 69.743 129,619 805 0.12272 12.356 6.1742 0.0378
19 109.138 274115 914 0.11166 12185 5.4623 0.0374
20 111.901 128.253 86.6 0.08424 11734 48311 0.0408
21 140,087 233571 65.1 0.12520 13178 57120 0.0393
2 132.703 305.109 97.0 0.09577 10.761 41572 0.0363
23 o7.377 204.630 712 0.14221 14667 55003 0.0374
24 99.129 97.399 1022 0.12695 11187 5.0658 0.0349
25 141.824 212.867 1010 0.09554 11.077 45727 0.0380

which is agreement with the conclusion of other
researcher (Anderson WA, 1966; Dias et al., 2012).

The correlation between the permeability and the
sound absorption rate, pore size is presented in Fig.
11 to Fig. 16, respectively. The trend that the sound
absorption rate was increasing as the permesbility being
lower and the pore Sze being smdler was shown, which
could be due to the straightness of high frequency
because high frequency easily passed throughout inside

specimens when pore sSize was smdler. It was hypothesis
that the wallpaper with low permesbility and narrow
pores was made of the thin fibers, which formed
complicated and irregular intertwined pore structure,
indde the paper. Sound loss became more because sound
diffused reflection occurred inside this structure and
moreover the occurring opportunity of sound diffused
reflection was more than that of thick fiber during sound
got through the paper. This increased that sound energy
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Fig. 8. Results of hand feel from TSA.
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Fig. 11. Darcy permesbility congtant vs Noise reduction

coefficient for Hanji wallpaper.
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converted into thermal energy when sound contacted
with internal fiber, which increased sound absorption.
This was similar with the results of other researchers
(Choi and Bang, 2012; Yoon and Oh, 2005; Huang
et al., 2014; Oh and Yoon, 2005).

It was reported that the high calendering temperature
during the super calendering process of Hanji paper
can increase the fiber density and decrease the pore
size of the surface (Hwang et a., 2016). It is consdered
that the process improvement in the production of
Korean wallpaper can improve the sound absorption

property of wallpaper.

Fig. 15. Mean flow pore size vs Absorption coefficient
at 4500Hz for Hanji wallpaper.

4., CONCLUSION

The sound absorption rate, hand fed, ar permeability
and pore size of Hanji wallpapers were measured in
order to improve the sound absorption property of Hanji
wallpapers in this study. The results of this study were
as follows:

1. The sound absorption rate of Hanji wallpaper was
increased from low frequency band to high
frequency band, this tendency showed obviously
above 3 kHz frequency.

2. The sound absorption rate of Hanji wallpaper was
increasing as the permeability being lower and
the pore size being smaller.

3. The correlation between hand feel and sound
absorption rate did not be found.
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