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Abstract

This study focused on the evaluated efficiency of the acoustic absorption board from
pomelo peels and comparison sound absorption efficiency with different thicknesses and
densities of the acoustic absorption board. The thickness of the sound absorber was varied
in 3 sizes in 3 sizesi.e., 0.5 cm, 1 cm, and 2 cm, and 2 densities 1.e., 784 kg/m3 and 1569
kg/m? at constant thickness of 0.5 cm. The impedance tube testing according to ASTM
(C384-04 was used to measure the sound absorption coefficient. The results showed, at the
difference thickness the 2 cm thickness with constant density of 784 kg/m’ of pomelo peel
fibers sound absorber provided the maximum absorption performance which achieved
NRC at 0.67+0.06 while the 0.5 cm and 1 cm provided 0.66+0.06 and 0.57+0.03
respectively. With the difference density, the 784 kg/m® and 1569 kg/m?® of pomelo peel
fibers sound absorber provided no statistically significant difference with a significance

level of 0.05 which achieved NRC at 0.66+0.06 and 0.71+0.01 respectively.

Keywords: natural fibers, pomelo peels, acoustic material, acoustic absorber, sound
absorption coefficient



3 d'l = Y] = = = 9/
(RIPTR] ﬂi$ﬂ"n‘ﬁﬂTW“\JF]fl’Jﬂ'ﬂﬂﬂﬂau!ﬁﬂdmmﬂﬂﬂﬂﬁiﬂﬂ

Tag unaNATasel 1hugandnyal sHaan 593 33286 23
dei =5 9 4 as ~
asanlSnulasinms H¥omaas 10150 T¥a%o ozyes
M Innmaas aananau
Unisanun 2562
UNAAED

FU 1 1]
& A d - | A o

=1 A w =] = a oA Y =} 9/
msfny1luns Ql!ll’lﬁf!ﬂitﬁéﬂmﬁlﬂ‘nguﬂiﬁfﬂﬂ‘ﬁﬂ']W“UfN’Jﬁﬂf]ﬂ‘h’ﬂ!ﬁﬂd‘lﬂ'ﬂ'lll'li}'lﬂlllailﬂﬁil

at =

To uaznfoumoulsz@nsnmnsgas eI IITAYATUITIINUANUHUIAZANUHUIULIANAT
s ] [ 1 [~ =3 = =Y z:;
fu Taguiaanumuivessiednesnitlu 3 vuia As 0.5 IsUAWAS, 1 IFUALIAT, 1Az 2 WUAWAT T
' a o ' 1 ' = 1
ANMUHUINLY 784 AlanfudegnuIAfuas naznieauvuIiueemilu 2 AuMUIY Ae

= w 1 3 = Y 1 o J ~ 1 [
784 ﬂTﬁﬂillﬁEl@lﬂ‘U"lﬁﬂmﬁ'i Az 1569 ﬂTﬁﬂiNﬂﬂQﬂﬂWﬁﬂmﬂi Wﬁﬂ'lﬁﬁﬂ“ﬂ'l WU AU UINUANAIN DU

'
s = ~ o

1 9 = Y = =1 a oA ar =]
ﬁ'i‘lNﬁTﬁ]ﬂ@ﬂﬂ‘]ﬁﬂ!ﬂﬂdﬂﬂ’lﬂl’]mﬂ!ﬂﬁElﬂﬂ?lJTE)ﬂ’J'lllTi‘u’l 2 I'FURUUANT Nﬂizﬁﬂ‘ﬁﬂ']ﬂﬂ’liﬂﬂﬂﬁ]gdf!ﬂ Taal

a £

MAVUTLANTMTAUTOUNINY 0.67 £0.06 1UUBMENANINHUT 0.5 1B UAINAT UAL 1 IHUAINAT

o/

= Ql =) L] L5 e a 1 li. 1 o
WUsLANTMIAATIUNINY 0.66 = 0.06 AT 0.57 + 0.03 AMUTIAU HAZANUHUMUUNUANAINY

o |

9l
Ha

angaduidssninnannldenduTeanumunniu 784 ﬁTan%’uﬁagﬂmﬁﬁmm 1Az 1,569 A laniuaa

] o @ Q

= = w s o oo = Qf
Qﬂﬂ"lﬁﬂmﬂi '1ammmamnmanuammuﬂmﬂmmm 5 AVUITIAY 0.05 Tﬂﬂﬁﬂ’lﬂuﬂﬁ&ﬂ“ﬂﬁ

ASAATIAUNINY 0.66  0.06 AL 0.71 £ 0.01 ATNAIAL

e e/ Qs

mdney : dulesssund, nldendule, Taagadui@o, mgaduides, adulse fl"lfl‘ﬁm'iﬂﬂ‘]ﬂl!.ﬂtld

Ll

vi



ACKNOWLEDGEMENT

This project has accomplished smoothly because of the kind support, help, and

encouragement of many people. I would like to express my sincere thanks to all of them.

My deep gratitude goes first to my project advisor, Assistant Professor
Chokchai Yachusri, for his help, advice, and constant encouragement throughout this
project. And I would like to gratefully thank all committees, Assistant Professor
Tassanee Prueksasit, Ph.D.,and Assistant Professor Vorapot Kanokkantapong, Ph.D. who
gave their comments and suggestions to complete the project. Also, I would like to thank
all the laboratory staffs, Mrs. Ketsara Songsod, Miss Pansuree Jariyawichit, and

Mr.Somporn Champajin for equipment's laboratory of my project.

Second, I would like to express my gratitude toward Mr.Pasat Waschasat, the owner
of the pomelo shop for kept the pomelo peels and gave it to me for this project and

Mr.Wichai Soisungnoen for cutting the PVC mold for this project.

Besides, I sincerely express my deepest sense of gratitude to Mr. Montri Sintusa,
Mrs.Nattaya Sintusa, Miss Thamonwan Sintusa, and Miss Suwimon Camshompu for their

support of equipment, vehicle, and encouragement throughout this project.

Moreover, I would like to express my sincere thanks to all of my friends especially
Miss Ganisa Prasertsri, Miss Kornwipa Sahin, Miss Kankanok Saithai, Miss Paranee
Wattanarojruang, Miss Pitsinee Laohapakdee, Miss Suchana Amnuaychaichana, and Miss

Yanisa Deesanuwat for their support and encouragement throughout this project.

Finally, I would like to thank to my family, and people who have directly or

indirectly supported me throughout of my life.

Phapasorn Panudomluck

vii



CONTENTS

ABSTRACT IN ENGLISH... ... ..o e ¥
ABESTIRALTE TN TEEAL. ..o s sasammsmmen von s s ssassmsmm w5 ssassaswmm we Vb
ACKNOWLEDGEMENTS .....or: s ssonvevsinms i srvsssnesiss s ssvsssvasion i mvsssimiss oy Vil
CHAPTER I INTRODUCTION
1.1 Background...................... e
L2 IDCCIIVOR. .. .. o momomimasnns w mamoiason 5 RARGRRARTE 378 KRR 52 Aoy
1.3 Benefils:. .. v suoanvvssim s sevesnvsvess 133 raeanoveiesn 155 sovseia ioesn 18 Ievansisimy o2
CHAPTER II THEORETICAL BACKGROUNDS AND LITERATURE REVIEW
2.1 S0Und. ... e
2. 1.1 DefInition. .. ... ..ot ot o e e e e e s
2.1.2 Sound absOrption... .............cooii i e
2.1.3 Somnd absorbeE... ... oo soverion s svseir e @ MeTsER Y B B
2,131 Porems absttiess. .. oo s sowmmsmres v s s
2.1.3.2 Panel absorbers or membrane absorber......................
2.1.3.3 Resonance absorbers................c.covii i
2.1.4 Sound Absorption Coefficients. .. .............................ocoii ..
2.1.4.1 Noise reduction coefficient (NRC)...........................

O O N B R R L W

2.1.4.2 Measurement of sound absorption coefficients... ..........

2.1.4.2.1 The impedance tube method.......................

—
e )

2.1.4.2.2 The reverberation chamber method......... ... ....

i
ro

2.1.5 The impact of sound on human health..................................

viii



22 POMBIG POBL. . ... ... oo ccormsonsnsns o smsnsimss ata s SHEaR S A AAT A aEa 523

2.3 LUerature TeVICW ... o o o e o e e

CHAPTER Il MATERIALS AND METHODS

3.1 Research Equipment and Materials... ..................... ...
B E T T T T
3.2.1 Preparation of pomelo-peel fibers. ... s vonnsrsns s vopssmoven w

3.2.2 Sample forming (molding)... ... ................o

3.2.3 Measurement of absorption coefficient...... ... ..
3.2.3. 1 Measnrement SeIpP... ccocsssmva sox susmssmmsan sn ssssssmmssss

3.2.32 Procedure and caleulabion; . . cowssas i s o

324 Dataanalysis... ... ...

CHAPTER IV RESULTS AND DISCUSSION

4.1 Characteristics of pomelo peels fibers sound absorber..........................
4.2 Efficiency of acoustic absorption board........................
4.2.1 sound absorption ¢oeHicietit (0].....conu i son summsmmns s win sasossmrsmcs
4.2 2 Neise reductioneoeficient (INRU). ... s vemmcomnns s semmsnssemven

4.3 Production cost of pomelo peels fibers sound absorber... ... ..

CHAPTER V CONCLUSIONS AND RECOMMENDATIONS

Sl XA FREIRISIEG cocvescomse e snicasmmennsese new sshisnemTveRm i RSO WY SSRGS S e
5.2 Recommendalion. ... auw o s o sommnsem 53 Do 53 wimemms

APPENDIEX B....ovonsvn s wova

AUTHOR'S BIOGRAPHY .. o covnnsnsnon sss somvonnsvens s svonsonsvare o somwssass o5 56 66w

i
. 13

17

- 1

L
18

.21
4 |

22

.23

24
25
28
28

. 29

30
30
31

.35
. 38

41



LIST OF TABLES

Table 2.1 Sound Absorption Coefficients of Common Materials in Construction. .. .
Table 2.2 Example of materials with NRC.................. ... ...
Table 3.1 Samplesizes of the sound absorber. .. ..o v wommmu v s seswsmm s s e

Table 4.1 Sound absorption coefficient and noise reduction coefficient (NRC)... ...

Table 4.2 Sound absorption coefficient and noise reduction coefficient (NRC)

of the test samples at constant thickness of 0.5cm...................................

Table A.1 Sound absorption coefficient of the test samples at the frequency
of 250 Hz, 500 Hz, 1000 Hz, 2000 Hz and 4000 Hz

(thickness: 0.5cm, 1cm, and 2cm) at constant density of 784 kg/m® ............ ..

Table A.2 Sound absorption coefficient of the test samples with the varying
densities (784 kg/m?® and 1569 kg/m?) at the frequency of 250 Hz, 500 Hz,

1000 Hz, 2000 Hz and 4000 Hz and constant thickness of 0.5 cm. ...... ... ...

Table B.1 The relationship between the average sound absorption coefficient ()

anidl thic thickness ot the ISt AP .ox vus cwnns wss wmmmmanmarsen wsn swsawsmamns wx w2

Table B.2 The relationship between the average sound absorption coefficient ()

and the density of the test sample. ......................

Table B.3 The differentiation of variable thicknesses with noise reduction

coctiicient (NRC) by one-way ANONVA. ... v cowsmmans o v s s

Table B.4 Multiple Comparisons of variable thicknesses with noise reduction

coefficient (NRC) by one-way ANOVA. ... ... ... ... .. .. . .

Table B.5 The differentiation of variable densities with noise reduction

coefficient (NRC) by independent-Samples t-test. ..................................

18
25

26

.36

37

39

39

40

40

40



LIST OF FIGURES

Figure 2.1 Pressure variations of sound waves.........................oooiii e
Figure 2.2 Route of a sound wave traveling and sound absorption... .....................
Figure 2.3 Example of porous absorber: Glass fiber... ... ..................................
Figure 2.4 Example of panel absorber: Plasterboard wall..................................
Figure 2.5 Example of Resonance absorber: Helmoholtz Resonator.....................

Figure 2.6 (a) random incidence and (b) normal incidence................................

Figure 2.7 The measurement setup of impedance tube method..........................

Figure 2.8 The pressure amplitude in the pipe with:

(a) rigid termination at x = L

(b) absorbing material................. ... ...

Figure 2.9 The measurement setup of reverberation chamber method... ...............

Figure 2.8 The severity of the health impact from noise and the number of

people alleeted... cuvsmmes o srmvnmes o v B GEEIEEEE B SR
Figure 2.9 Cross-section of citrus fruit... ................. ... ... .. ...
Figure 3.1 Flow chart of preparation and forming the sample... ..........................

Figure 3.2 PVC mold 10.5cm diameter (thickness: 0.5cm, lem, and 2cm)......... ... .

Figure 3.3 Preparation of fibers and sample forming:
(a) pomelo peels (albedo layer)
(b) the pomelo peels treated with 2% of sodium hydroxide (NaOH) solution
(c) dried peels
(d) the crushed sample

(e) sample forming

(f) the test samPles... ... ... e

Figure 3.4 Examples of pomelo peel fibers sound absorber samples:

.S o ] e and 2 o HHCNESS. comes o mmcamssan w SEEETisER 56 SRERss

Figure 3.5 Measurement setup for the sound absorptiontest.............................

O o bk o s W

10
11

12
13
19
19

20

20
21



Figure 4.1 Sound absorption coefficient of pomelo peels

acoustic absorption board at a constant density of 784 kg/m®... ................ 25
Figure 4.2 Noise reduction coefficient (NRC) of pomelo peels with

diffgrent hielness.. .. .vow w0 wommrmes B puEren 5 SPEETGs 5 BT oA
Figure 4.3 Sound absorption coefficient peels acoustic absorption board

at constant thickness of 0.5cm.................... s 27
Figure 4.4 Noise reduction coefficient (NRC) of pomelo peels with

differentalensibty ... wosvenenim ws wovpomenons wy mrsresenes oy e By psvmg BT

Xi



CHAPTER1
INTRODUCTION

1.1 Background

Noise or unwanted sound is a major problem affecting numerous people which
can impact health directly (Stansfeld & Matheson, 2003). It can contribute to the
chances of getting the risk of cardiovascular diseases increased, cause sleep disturbance,
and other diseases. The factors driving environmental noise are urbanization, economic
expansion, and transportation development (Organization, 2011).

To mitigate and control this problem, the sound absorber is one of the important
materials that can decrease the sound energy and noise pollution. Each material of the
absorber can absorb the sound at different levels. Such as, sound absorber which made
from fibers of sugarcane show good acoustic performance at 1.2 - 4.5 kHz with an
average absorption coefficient of 0.65 (Putra et al., 2013) while sound absorber which
made from fibers of oil palm empty fruit bunch have high efficiency at a frequency
above 1 kHz with an average absorption coefficient of 0.9 (Or, Putra, & Selamat, 2017).

Some raw materials which are a composition of the sound absorber have been
found to have an impact on human health. For instance, the sound absorber which is
made from asbestos can be harmful to the exposed person. The diseases associated with
inhalation of asbestos dust are asbestosis, lung cancer, mesothelioma, and other forms
of cancer (Curtis, 1991). Therefore, the natural material which provides a low impact
on the environment and human health (Asdrubali, Schiavoni, & Horoshenkov, 2012) is
another good option to make the sound absorber.

Pomelo (Citrus maxima or Citrus grandis) is the largest citrus fruit that is grown
in Southeast Asia and its peel accounts for 30% of the total weight (Wandee, Uttapap,
& Mischnick, 2019). In Thailand, pomelo is a fruit that can be produced throughout the
year which amounts to more than 200,000 tons/year (Looyrach, Methacanon,
Gamonpilas, Lekpittaya, & Lertworasirikul, 2015). The pomelo peel contains a foamy
fibrous layer but and a large number of pectin (Guo et al., 2018). The structure of the

pomelo peel has porous size varies according to the thickness of the peel (Ortiz, Zhang,



& McAdams, 2018) and arranged in a loose shape like foam and has a lot of surface
area which is suitable for making sound-absorbing materials.

Thus, this study focuses on the evaluation efficiency of the acoustic absorption
board from pomelo peels and comparison sound absorption efficiency with different

thicknesses and densities of the acoustic absorption board.

1.2 Objectives
The objectives of this study are to
1.2.1 To compare the efficiency of acoustic absorption in different thicknesses
and densities of the acoustic absorption board.
1.2.2 To evaluate the efficiency of the acoustic absorption board from pomelo

peels.

1.3 Benefits
1.3.1 To reduce the amount of agricultural waste.
1.3.2 To utilize waste from the pomelo peels to be the natural acoustic material.
1.3.3 To study the efficiency of sound-absorbing materials produced from

pomelo peel.















Table 2.1 Sound Absorption Coefficients of Common Materials in Construction (Zhang, 2011)

Sound Absorption Coefficient

. Apparent
Class and name Th:zkmn)ess Density Installation
(kg/m®) 125 | 250 500 [ 1000 | 2000 | 4000
Hz Hz Hz Hz Hz Hz

1.Inorganic materials
- Plasterboard (with decorative - 350 0.03 | 0.05 | 0.06 | 0.09 0.04 0.06 | Plaster firmly
pattern)
- Cement vermiculite plate 4.0 - 0.14 | 046 | 0.78 0.50 0.60 | Paint walls
- Gypsum mortar (blended with 2.2 024 | 0.12 | 0.09 | 0.30 0.32 0.83
cement glass fiber)
- Cement expanded perlite plate 5 0.16 | 046 | 0.64 | 0.48 0.56 0.56
- Cement mortar 0.21 | 0.16 | 0.25 | 0.40 0.42 0.48
- Brick (Plain brick wall) 1.7 0.02 | 0.03 | 0.04 | 0.04 0.05 0.05
2. Organic materials
- Cork board 2.5 260 0.05 | 0.11 | 0.25 | 0.63 0.70 0.70 | Plaster firmly to the
- Shuisi board 3.0 0.10 | 036 | 0.62 | 0.53 0.71 0.90 | wood
- Veneer board (three layers) 0.3 021 | 0.73 | 0.21 0.19 0.08 0.12 | Keel with an air
- perforated plywood (five layers) 0.5 0.01 | 025 | 0.55 | 0.30 0.16 0.19 |layer of 10cm or
- Zylonite 0.8 0.03 | 0.02 | 0.03 | 0.03 0.04 - S5cm in between
- wood of fiberboard 1.1 0.06 | 0.15 | 0.28 | 0.30 0.33 0.31




Table 2.1 Sound Absorption Coefficients of Common Materials in Construction (Zhang, 2011) (continue)

—— Apparent Sound Absorption Coefficient
Class and name Density Installation
ean) (kg/m®) | 125 | 250 | 500 | 1000 | 2000 | 4000
Hz Hz Hz Hz Hz Hz
3. Porous material
- Foamed glass 44 1260 0.11 | 032 | 052 | 044 0.52 0.33 | Plaster firmly
- urea formaldehyde foamed 5.0 20 022 | 029 | 040 | 0.68 0.95 0.94 | Plaster firmly
plastics
- Foamed cement (exterior plaster) 2.0 0.18 | 0.05 | 0.22 | 048 0.22 0.32 | Closely against
- Sound absorbing perforated plate walls
- Foamed plastics 027 | 0.12 | 042 | 0.86 0.48 0.30
1.0 0.03 | 006 | 0.12 | 041 0.85 0.67
4. fibrous material
- Slag wool 3.13 210 0.10 | 0.21 | 0.60 [ 0.95 0.85 0.72 | Plaster firmly
- Glass wool 5.0 80 0.06 | 0.08 | 0.18 | 0.44 0.72 0.82 | Plaster firmly
- Phenolic aldehyde glass fiber 8.0 100 025 | 055 | 0.80 | 0.92 0.98 0.95 | Plaster firmly
board
- Industrial felt 3.0 0.10 | 028 | 0.55 | 0.60 0.60 0.56 | Plaster to the wall




2.1.4.1 Noise reduction coefficient (NRC)

Noise reduction coefficient (NRC) is the average value of the sound
absorption coefficient for the frequency of 250 Hz, 500 Hz, 1000 Hz, and 2000 Hz.
Therefore, the two materials which achieve the same value of NRC might not perform
in the same performance. And if the NRC of the sound absorber has a value of 0.00, it

means that the material has completely reflective (Patricia, 2013).

a250+a500+a1000+x2000 ;
NRC = . equation 1

Table 2.2 Example of materials with NRC (Noll, 2019)

Material Noise reduction coefficient (NRC) Rating
Brick 0.00-0.05
Carpet over concrete 0.20-0.30
Carpet with foam pad 0.30-0.50
Concrete (smooth) 0.00-0.20
Glass 0.05
Gypsum Wall Board 0.05
Plywood 0.10-0.15
Polyurethane foam (1 inch. thick) 0.30

2.1.4.2 Measurement of sound absorption coefficients
The sound absorption of fibrous materials can be measured by using the
impedance tube method for normal-incidence sound absorption coefficient and

reverberation chamber method for random-incidence sound absorption coefficient.

T ST I T T,
Ll SR TN TR

(a) (b)

Figure 2.6 (a) random incidence and (b) normal incidence (Liu & Chen, 2014)
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method. The result showed the thickness %2 inch of the sugarcane fibers sample which
achieved an average absorption coefficient of 0.65 at frequency 1.2 - 4.5 kHz is the
same efficiency as commercial sound absorber and can be used as an alternative
acoustic material.

ALRahman et al. (2013) exhibited the potential for using date palm fiber and
coconut coir fiber as sound absorbers. The result showed date palm fiber and coconut
coir fiber have good performance at low and high frequencies. However, the date palm
fiber showed better acoustic absorption performance than coconut coir fiber. It provided
acoustic absorption coefficient 0.84 (thickness:20 mm) and 0.98 (thickness:40 mm) at
the frequencies 2600-3000 Hz and 1300-1500 Hz respectively. While coconut coir fiber
provided acoustic absorption coefficient 0.71 (thickness:20 mm) and 0.77 (thickness:40
mm) at the frequencies 4100-4500 Hz and 2400-2500 Hz respectively.

Fouladi et al. (2013) studied the acoustic behavior of coir, corn, sugar cane, and
grass by impedance tube method and implemented them as absorbers. The results
showed, increasing the thickness of coir, corn, and grass to 2.0 cm can be reduced
their porosity and improved the absorption coefficient which absorbed more than 70%
of the incident sound at the frequency more than 1300 Hz. Whereas the sugar cane
showed a similar efficiency at the narrow frequency.

Berardi et al. (2015) presented the acoustic characterization of the natural fibers:
kenaf, wood, hemp, coconut, cork, cane, cardboard, and sheep wool. The absorption
coefficient and the flow resistance of the different thickness samples were measured by
theoretical models. The result showed sheep wool and the coconut achieved a high value
of NRC. The less dense kenaf and some types of canes showed NRC values higher than
the predicted. This can be observed that natural fibers are another good option for
reduced sound energy.

Peng et al. (2015) studied the physical and mechanical properties, effects of the
airflow resistivity, and air gap behind the sample of sound-absorbing composite
material which made from wood fiber and polyester fiber produced by using polyester
foam technology and wood-based composite technology. The measurement found that
the composite materials provided excellent physical and mechanical properties in the

conditions of hot-pressing at 150oC with the 10min of composite time, 3:1 wood fiber

14



to polyester ratio, 12% resin content, 8% foaming agent content, and the density was
0.2 g/cm3. The composite material showed excellent sound absorption property with
the airflow resistivity of 1.98 x 10° Pa-s/m>. And increasing air gap behind the sample
improves acoustic absorption at a lower frequency.

Mamtaz et al. (2016) studied the acoustic absorption behavior of natural fiber
composites. This study showed the fiber treated by alkaline treatment process will be
reduced of the fiber diameter. The reduction in fiber diameter causes an increase in the
fiber content and provided more area. This can help to absorb the sound at the low
frequency due to the loss of more energy by the viscous friction. Absorber with high
density and thickness showed increased absorption performance, due to the porosity
and flow resistivity of the composite.

Or et al. (2017) presented the potential of fibers from the oil palm empty fruit
bunch to be the natural acoustic material and made with the variation of densities and
thicknesses. Measurement found that the oil palm empty fruit bunch achieves an
absorption coefficient of 0.9 on average above 1 kHz.

Lim et al. (2018) studied the sound absorption characteristic of the kenaf plant
(Hibiscus cannabinus L.) fibers by using the impedance tube method and reverberation
chamber method. Kenaf fibers showed good sound absorption performance in both
methods. Kenaf fibers provided the value of a sound absorption coefficient above 0.8
from 1.5 kHz onwards for the thickness of 40 mm and bulk density of 93.5 kg/m® in the
impedance tube method while in the reverberation chamber method shown absorption
coefficient above 0.5 starting from 400 Hz with the average value of 0.8. Thus, the
sound absorber of kenaf fibers can be comparable with synthetic rock wool.

Ortiz et al. (2018) presented 3D model of the pomelo peel bioinspired foams with
nonuniform pore distribution and validated through a case study under quasi-static
compression and free-fall impact circumstances. The results showed that the bioinspired
foam with nonuniform porosity demonstrated impact resistance and damping behavior
and can produce a smaller reaction force compared to the foam with uniform porosity.

Silva et al. (2019) evaluated the sound absorption coefficient of three natural
fibers: sisal, coconut husk, and sugarcane with variation of thickness (20, 30, and 40

mm). The result showed the sugarcane bagasse fiber which achieves an average

15



absorption coefficient of more than 0.8 at frequency 800-1200 Hz for the thickness of
40 mm has a better sound absorption performance than sisal and coconut husk fibers.
Moreover, the values of the coefficient sugarcane were higher than others for all the

thicknesses evaluated.

16



CHAPTER III
MATERIALS AND METHODS

3.1 Research Equipment and Materials
3.1.1 Standing wave tube
- Impedance tube
- Function generator (JUPITER 2000)
- Loudspeaker
- Microphone Probe
- Sound Level Meter (RION Model NL-18)
3.1.2 Blender
3.1.3 Sieve
3.1.4 PVC mold 10.5cm diameter (thickness: 0.5cm, lcm, and 2cm)
3.1.5 Balance
3.1.6 Knives
3.1.7 Scissors
3.1.8 Water
3.1.9 Sodium hydroxide (NaOH)
3.1.10 TOA Latex Adhesive Glue LA-22S
3.1.11 Pomelo peel

3.2 Research methods
3.2.1 Preparation of pomelo peel fibers

The pomelo peels were collected from Air Force Welfare Market, Don Mueang,
Bangkok, Thailand, and removed the green layer of the peels (keep the white layer).
Next, cut the white layer of pomelo peel into small pieces. Get rid of the dirt and any
other particles which are attached to the pomelo peel fibers by soak pomelo peels for 1
day with 2% w/w of sodium hydroxide (NaOH) solution for the alkaline treatment
process. Then, the pomelo peel fibers were obtained by washed the fiber with water and
dried the fibers under the sun exposure to remove the moisture content. Finally, for easy
forming in the mold, the fibers were crushed by a blender and filter by sieve.

17



3.2.2 Sample forming (molding)

The samples of pomelo peel fibers sound absorber were designed with variation

in thickness. The thickness of the sound absorber was varied in 3 sizes: 0.5 cm, 1 cm,

and 2 cm, and 2 densities: 784 kg/m?® and 1569 kg/m? at constant thickness of 0.5 cm.

The TOA Latex Adhesive Glue was used as a binder. So, the sample was manually

mixed with a binder for 1:1. Then, the mixture was pressed in a PVC mold to obtain

shape and left to dry. Finally, Take the sample out from the mold, mark, and weigh

samples to calculate the density by using equation 6. Make 3 replicates samples for each

thickness and density. The flow chart of the process is shown in Figure 3.1.

mass

density = — equation 6
Table 3.1 Sample sizes of the sound absorber
Density
Thickness
784 kg/m*? 1569 kg/m?

0.5 cm 3 3
1.0cm 3
2.0cm 3

total 9 3
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3.2.3.2 Procedure and calculation

Procedure and calculation of sound absorption coefficient are as follows

(Russell, 1999) :

1)
2)

3)

4)

5)

6)

7)

8)

9)

Calibrated the sound level meter.

Placed the test sample at the end of the impedance tube and fixes it tightly
without gaps.

Turned on the function generator and adjust the frequency of the sine wave
as 250 Hz.

Generated the sine wave from the function generator through the
loudspeaker. At the beginning of the measurement, the microphone probe is
placed close to the sample.

Moved the microphone probe out of the sample until found the first minimum
levels(L(miny in dB). Recorded and calculated the minimum rms pressure

(Pminrms) by using equation 7
Posiinems = 1010mIR)/20 equation 7

Moved the microphone probe out of the sample until found the next
maximum levels(Lmax) in dB). Recorded and calculated the maximum rms

pressure (Pmaxms) by using equation 8
P = 100020/20 equation 8

Calculated the standing wave ratio (SWR) by using equation 2

Pmax,rms

SWR = equation 2

Pmin,rms

Calculated the sound absorption coefficient (o) by using equation 5

_ 4

o=—

equation 5

Repeated the step 2-8 by changing the frequency from function generator as
500 Hz, 1000 Hz, 2000 Hz, and 4000 Hz and varied sample thickness and
density.
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10) Calculated the noise reduction coefficient (NRC) by using equation 1

a250+a500+a1000+0a2000 :
NRC = " equation 1

3.2.4 Data analysis

Statistical analysis was conducted by using IBM SPSS Statistics version 22.

1) Testing the relationship between the average sound absorption coefficient ()
and the thickness of the test sample is analyzed by correlation.

2) Testing the relationship between the average sound absorption coefficient (o)
and the density of the test sample is analyzed by correlation.

3) Testing the differentiation of variable thicknesses with noise reduction
coefficient (NRC) by one-way ANOVA with 95% confidence interval.

4) Testing the differentiation of variable densities with noise reduction
coefficient (NRC) by independent-Samples t-test with 95% confidence

interval.

23



CHAPTER IV
RESULTS AND DISCUSSION

This study focused on the evaluated efficiency of the acoustic absorption board
from pomelo peels and comparison sound absorption efficiency with different
thicknesses and densities of the acoustic absorption board. The pomelo peels were
collected from Air Force Welfare Market, Don Mueang, Bangkok, Thailand. The test
samples were made in 3 sizes in 3 sizes i.e., 0.5 cm, 1 cm, and 2 cm, and 2 densities
i.e., 784 kg/m? and 1569 kg/m? at constant thickness of 0.5 cm. The TOA latex adhesive
glue is used as a binder and forming the sample with PVC mold 10.5cm diameter. The
measurement was conducted by using the impedance tube testing according to ASTM

(C384-04. The results were presented and discussed in this chapter.

4.1 Characteristics of pomelo peels fibers sound absorber

The physical properties of pomelo peels fibers sound absorbers were yellowish
brown, rough, and their structure likes quite hard foam. Moreover, the preparation for
pomelo peel fibers used sodium hydroxide (NaOH) alkaline treatment process resulting
in loss of the absorbers' smell. Due to the structure their foam, pomelo peels contain a
large number of porous which increase the path which the sound energy travels through
and cause the sound energy lost.

The alkaline treatment will be reduced of the fiber diameter and causes an
increasing in the fiber content which provided more area of absorber. Increasing fiber
content improve the sound absorption at the low frequency due to the loss of more
energy by the viscous friction (Mamtaz, Fouladi et al. 2016).

According to the sample forming, the PVC mold with 10.5cm diameter is used
for molding. After mixed the sample with TOA latex adhesive glue for 1:1, pressed in
the mold, and left to dry. The test sample is reduced in size from the mold with 10.5cm
diameter to 9.9 cm diameter due to the water which is a component of the adhesive glue

evaporates. And when the sample is completely dry, it will cause a slightly bent.
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4.2.1 sound absorption coefficient (a)

The test samples with varying thicknesses were made at a constant density of
784 kg/m?®. The results were shown in Figure 4.1. The peak of the sound absorption
coefficient is responsible for 0.94 at the frequency of 500 Hz for 2 cm thickness. All the
thickness of the test samples showed similar absorption value at all frequencies and
there was no correlation between the average sound absorption coefficient (o) and the
thickness of the test sample with a significance level of 0.05. However, the 0.5 cm thick
samples showed better absorption which accounted for 0.75 at the frequency of 2000
Hz more than others.

For the density, the test samples of pomelo peels were made in 2 densities at the
constant thickness of 0.5 cm which are 784 kg/m® and 1569 kg/m?. Figure 4.3 shown
the test sample with higher density provide good performance absorption and can be
achieved good performance at lower frequencies (250-500 Hz). The peak of the sound
absorption coefficient is responsible for 0.93 at the frequency of 250 Hz for the test
samples with density of 1569 kg/m>. However, there was no correlation between the
average sound absorption coefficient (a) and the density of the test sample with a
significance level of 0.05.

Another factor that affects the sound absorption coefficient value is the binder.
The addition of binder is significantly increase in airflow resistivity which reduced the
adsorption values. Wassilieff (1996) found the absorption coefficient from pure wood
fibers without binder provided similar performance to mineral fibers which accounted
for 0.9 at the high frequency.

According to the results, it can be seen strong resonance at the frequency of 1000
Hz which occurred in all of the test sample. This phenomenon is also found in the

acoustic absorber from wooden parts (Berardi and Iannace 2015).

4.2.2 Noise reduction coefficient (NRC)
Table 4.1 showed that the 2 cm thickness test samples achieved good
performance absorption at NRC value of 0.67+0.06. The statistical analysis showed the

thickness that made the NRC difference was 1 cm and 2 cm (a significance level of
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0.05). It can be observed that increasing thickness can be improved sound absorption
and also noise reduction.

The results were compared with commercial sound absorber which is Y2-linch
polyester urethane foam. The 2 cm thickness of sample showed similar absorption

performance to polyester urethane foam with the NRC value of 0.67+0.06.

For the density as shown in Table 4.2, the test samples with density of 1569
kg/m? achieved good performance absorption at 0.71+0.01 but there was no statistically
significant difference between variable densities with NRC (the significance level is
0.05). The results might be the excessive density of the test sample. The excessive
density decreases the porosity of the sample which improves the ability for reduce sound
according to tortuosity of sound propagation (Lim, Putra et al. 2018) and also increases
the flow resistivity. This causes the NRC does not increase significantly when
increasing the density.

The results could be demonstrated that pomelo peels fibers sound absorber can
be efficient sound absorber due to the great value of NRC (>0.40) and suitable as a

sound absorbing material inside the building also help improve the scenery.

4.3 Production cost of pomelo peels fibers sound absorber

The 2 cm of pomelo peels fibers sound absorber is cost about 270 Baht /1 m?
(does not include production costs) which consists of pomelo peels waste for free,
sodium hydroxide (NaOH) 50 Baht, and 2 kg of binder (TOA Latex Adhesive Glue LA-
22S) 220 Baht. When compared with the commercial sound absorber, it is found that
the sound absorber from pomelo peels fibers be cheaper than rock wool which cost

about 600 Baht/1 m?.
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CHAPTER V
CONCLUSIONS AND RECOMMENDATIONS

5.1 Conclusions

5.1.1 The 2 cm thickness of pomelo peel fibers sound absorber at a constant
density of 784 kg/m? provided the maximum absorption performance which achieved
NRC at 0.67+0.06 while the 0.5 cm and 1 cm provided 0.66+0.06 and 0.57+0.03
respectively.

5.1.2 At the constant thickness of 0.5 cm with the difference density, the pomelo
peel fibers sound absorber with 784 kg/m® and 1569 kg/m® provided no statistically
significant difference with a significance level of 0.05 which achieved NRC at
0.66+0.06 and 0.71+0.01 respectively.

5.1.3 Increasing thickness can be improved sound absorption and also noise
reduction.

5.1.4 Increasing density might be improved sound absorption. However, the

excessive density does not help to improve the acoustic properties.

5.2 Recommendations
5.2.1 A binder used to mold the sample for measurement sound absorption

coefficient should be material that is easy to dry and contain low water content. Due to

drying time.

5.2.2 The test should be performed at multiple fibers and adhesive ratios which
indicates that the sound absorption values cause from fiber or adhesive. And make the
only adhesive sample for the control.

5.2.3 Other techniques can be used for easy forming and measurement such as
make the materials for coating the surface.

5.2.4 Consider a larger sample size for more accurate results.
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Table A.1 Sound absorption coefficient of the test samples at the frequency of 250 Hz, 500 Hz, 1000 Hz, 2000 Hz and 4000
Hz (thickness: 0.5cm, 1cm, and 2cm) at constant density of 784 kg/m?

Sample Absorption coefficient at frequency of
Thickness no. 250 Hz 500 Hz 1000 Hz 2000 Hz 4000 Hz

1 0.85 0.81 0.27 0.69 0.45

0.5 cm 2 0.81 0.74 0.29 0.61 0.44
3 0.83 0.85 0.25 0.96 0.49

1 0.76 0.90 0.23 0.51 0.53

1 cm 2 0.69 0.91 0.24 0.45 0.77
3 0.56 0.81 0.18 0.60 0.86

| 0.91 0.92 0.40 0.47 0.80

2 cm 2 0.87 0.95 0.36 0.49 0.73
3 0.92 0.94 0.36 0.50 0.68
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Table A.2 Sound absorption coefficient of the test samples with the varying densities (784 kg/m? and 1569 kg/m?) at the
frequency of 250 Hz, 500 Hz, 1000 Hz, 2000 Hz and 4000 Hz and constant thickness of 0.5 cm.

Sample (0.5 cm thick) Absorption coefficient at frequency of
Density no. 250 Hz 500 Hz 1000 Hz 2000 Hz 4000 Hz
1 0.85 0.81 0.27 0.69 0.45
784 kg/m? 2 0.81 0.74 0.29 0.61 0.44
3 0.83 0.85 0.25 0.96 0.49
| 0.96 0.85 0.33 0.67 0.56
1569 kg/m? 2 0.92 0.89 0.40 0.69 0.64
3 0.91 0.85 0.43 0.65 0.55
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Table B.1 The relationship between the average sound absorption coefficient (o) and
the thickness of the test sample.

Sound absorption

Correlations Thickness
coefficient (a)

Thickness Pearson Correlation 1 129

Sig. (2-tailed) 398

N 45 45
Sound absorption Pearson Correlation 129 1
coefficient (a)

Sig. (2-tailed) 398

N 45 45

*The significance level is 0.05.

Table B.2 The relationship between the average sound absorption coefficient (o) and
the density of the test sample.

Sound absorption

Correlations Density
coefficient («)

Density Pearson Correlation 1 145

Sig. (2-tailed) 444

N 30 30
Sound absorption Pearson Correlation 145 1
coefficient (o)

Sig. (2-tailed) 444

N 30 30

*The significance level is 0.05
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Table B.3 The differentiation of variable thicknesses with noise reduction coefficient
(NRC) by one-way ANOVA.

Sum of :
S Juingee df Mean Square F Sig.
Between Groups
020 2 010 7.002 027
Within Groups
009 6 001
Total 028 8

*The significance level is 0.05

Table B.4 Multiple Comparisons of variable thicknesses with noise reduction
coefficient (NRC) by one-way ANOVA.

95% Confidence
Tukey HSD
Mean Interval
Std. Error Sig.
Difference Lower Upper
Thickness | Thickness

Bound Bound

0.50 cm 1.00 cm 09444 03079 050 .0000 .1889
2.00 cm -.00996 03079 944 -.1044 0845

1.00 cm 0.50 cm -.09444 03079 050 -.1889 .0000
2.00 cm -.10441° 03079 034 -.1989 -.0099

2.00 cm 0.50 cm .00996 03079 944 -.0845 1044
1.00 cm 10441° 03079 034 .0099 .1989

* The mean difference is significant at the 0.05 level.

Table B.5 The differentiation of variable densities with noise reduction coefficient
(NRC) by independent-Samples t-test.

Density N Mean | Std. Deviation t Sig.
NRC | 784 kg/m? 3 6633 05508 -1.444 222
1569 kg/m? 3 7100 01000 -1.444 278

*The significance level is 0.05
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